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ABSTRACT

Context. The details of how galaxies have evolved over cosmologioag are imprinted in their star formation history, cherhica
enrichment and morpho-kinematic structure. Parametdrimtbehese such agfective temperature and metallicity can be measured
by combining photometric techniques with modelling. Hoaethere are uncertainties with this indirect approactnftioe ambiguity

of colour and magnitude and thfects of interstellar reddening.

Aims. In this paper we present a detailed reddening map of theate8@rDoradus region of the Large Magellanic Cloud; for both
community use and as a test of the methods used for futureruaendder area. The reddening, a measurement of dust ertincti
acts as a tracer of the interstellar medium (ISM).

Methods. Near infrared (NIR) photometry of the red clump stars is usetieasure reddening as their fixed luminosity and interme-
diate age make extinction the dominant cause of colour amghituale variance. The star formation history derived presiy from
these data is used to produce an intrinsic colour to act asogppint in converting colour to reddening valugél — K) which are
subsequently converted to visual extinctisp

Results. Presented is a dust map for the 30 Doradus field in BotandE(J — K¢). This map samples a region df 1°5, containing

~ 1.5x 1 red clump stars which probe reddening ugto~ 6 mag. We compare our map with maps from the literature, thoty
optical extinction maps and radio, mid- and far-infrarecomaf atomic hydrogen and dust emission. Through estimati@olumn
density we locate molecular clouds.

Conclusions. This new reddening map shows correlation with equivalerpigna the literature, validating the method of red clump
star selection. We make our reddening map available for ammitsnuse. In terms of ISM the red clump stars appear to be more
affected by the cooler dust measured bymMOemission because there is stronger correlation betweegsising emission and extinc-
tion due to red clump stars not being located near hot statsubuld heat the dust. The transition from atomic hydrogemaolecular
hydrogen occurs between densitiefNpf ~ 4 x 107 cm2 andNy ~ 6 x 10?* cm2.

Key words. Magellanic Clouds — Hertzsprung-Russell and C-M diagrai@sitaxies: structure — dust, extinction — Stars: horizental
branch — ISM: structure

1. Introduction dimensional morphology. At the same time, the distributién
. . . duyst provides valuable insight into the structure of the 1&hdl

The details of how galaxies have evolved over cosmologqé’ relation to recent, current and potential future stamiation
times are imprinted in their star forma}tlon history (SFH)emM-  t.om dense molecular clouds.
ical enrichment and morpho-kinematic structure. Howesaeh
studies are impeded by attenuation of starlight by dustdrirth The Magellanic System (MS) comprises of the Large
terstellar medium (ISM) and its variance with wavelengtly. BMagellanic Cloud (LMC) and Small Magellanic Cloud (SMC),
mapping the extinction we are able to reverse iteas and the Magellanic Bridge connecting them and the trailing
hence improve the reliability of the derived SFH and threddagellanic Stream and its leading arms. The LMC and SMC
are gas-rich dwarf galaxies of irregular morphology; pagtr

* Based on observations made with VISTA at ESO Paranafktions between them, and between them and the Milky Way
Observatory under program ID 179.B-2003. galaxy, have led to the creation of the Bridge and Stream.
** Research Fellow of the Alexander von Humboldt Foundation. The LMC, which is the focus of this work, is 50 kpc
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away (e.g. Walker 2011; Ripepietal. 2012). It has a rotatelescope FLAMES Tarantula Survey (VFTS) has usetlisk
ing disc of gas and young and intermediate-age stellar papterstellar bands (DIBs) as a measurement of the enviratsne
ulations, seen under an inclination angle iof= 26 + 2° inthe Tarantula Nebula (van Loon eilal. 2013).
(Rubele et al| 201B) This structure extends 10° on the Sectior 2 describes the VMC survey in general. How we ex-
sky, and has a depth along the line-of-sight -of 4 kpc tract the RC stars and derive reddening values for them is de-
(Subramanian & Subramaniam 2009). The metallicit%Zg — scribed in Sectioh]3. Sectidh 4 shows the resulting mapdn s
17, (Kunth & Ostlin [2000; Cioni et l. 2011), decreasing witHion[S we compare these with some of the previously mentioned
distance to the centre (Cibni 2009). The LMC also has fin oreddening and ISM maps, determining the atomic—molecular
centred stellar bar which maly (Nikolaev etlal. 2004) or may ntransition. Finally, Sectiof]l6 summarises and concludés th
(Subramaniam & Subramanian 2009) be elevated above (i.eWark.
front of) the plane of the disc.

The Y, J, Ks near infrared (NIR) VISTA Survey of the
Magellanic Clouds (VMCL_Cioni et al. 2011, hereafter Paper B. VMC observations & data

is currently performing observations of the Magellanic tﬁr WE: VISTA is located at the Paranal Observatory in northerné&litl
(MS). The work presented here concerns the central L 6 s a 4m mirror and Infrared (IR) camera composed of an array
tiled. This region contains the famous Tarantula Nebula G076 Raytheon VIRGO 2048 2048 2qum pixel detectors in

Doradus) mini starburst — the most active star formatioforeg : o
in the Local Group — centred around the compact massive cl 3?4 Ipatterrr:. Each detedctA(f)zro;s s;oacedhapart by %OA’ detgctor
ter RMC 136a (hereafter R136 — see Evans gt al.|2011). The Jfis - 20ng the x-axis an 6 along the y-axis. By combin-

N : y 6 stepped exposures (paw-prints) into one tile, an afea o

further contains several supernova remnants the most fam(i deg? is covered at least twiBewith a pixel size of 034
of which is SN1987A, a number of star clustersy legions The VMC survev | n?f m Fr)1d homogen ' ;
and the southern molecular ridge (Wong et al. 2011). Theéhsout e Survey IS a unitorm a omogeneous sur-

P .. vey of the MS in the NIR using the Visible and Infrared
\évye Zthegg ;L}gf;gi;?; ers part of the LMC bar, charactatis Survey Telescope for Astronomy (VISTA; Emerson et al. 2006;

. Dalton et al! 2006) and has two main scientific goals; to deter
The red clump (RC) stars form a metal-rich counterpart. : ’

to the horizontal Iobr(anc)h. Stars in this phase of stellar gdr line the spatially-resolved SFH and the 3D structure of the
lution undergo core helium and shell hydrogen burning. R Z%Z%ﬂﬁ;éﬁig&%ea\{%g i?r\iegS'smnggrr;lesd :: 23
stars are of intermediate age (1-10 Gyr) and mass (153 LS KM, K . K

Girardi & Salaris 2001); following the first ascent of the igid spectively), in the VISTA (Vega mag) photometric systemc®n
ant branch (RGB) the RC phase typically last.1 Gyr (up to g?;n pélcgehtlawensitltr(\j/:)lli:nvgéc;r\ée; 1_8gfgém0; thJe EA g'z-ghri; v
0.2 Gyr). RC stars are useful for mapping interstellar redagni 9 215 mg - about 5 ma dee_ er than tﬁbsgof tﬁe > l\%i,cron
and 3D structure because of their large numbers and rdiativ ISI ék Surveg'(ZMASSE 9 P

fixed luminosity. The former gives us a large sample sizeithat Ay " f)t/h VMC j | h il b d diedent
well distributed (due to their ages they have mixed relafives|| f]paé Oh € h hgoaSS__(:&c |(I=,t_was_ otﬁerve di 1ta_n
dynamically) and the latter means that changes in magnétnde ?oproecxpsdsu?g peerpp())gw—pﬁit pf:ar ergﬁlcjhlggig]g 808021;1 ('j"’}]nar']rge
colour due to reddening and distance (i.e. environmentiad-s 7508 K. In total there aré 3 epochs furandd and 12 forKe,

ture) quickly dominate over those as a result of populatiied . A
ences. We here use the VMC NIR photometry of RC stars to chJe combined average total exposure, per paw-print, is 2400

struct interstellar reddening maps. Extinctionf@mgents such as ang and 900%5 ierS' (’;‘ mI(D)re thcl)rough description of the
those determined hy Girardi et/al. (2008) can be used to-traP@VI survey can be foundin Faper|.

P The data used are part of the v20120126 VMC release re-
late the NIR extinction to other wavelengths. The RC has been . )
used in producing extinction maps for the LMC at optical wavel!€ved from the VISTA science archive (VSA). The VSA and

lengths using OGLE data. The LMC bar region was covered ihe VISTA Data Flow System pipeline are describgd in detail b
Subramaniam (2005) and most recently, a much larger regior;qfoss et al.(2012) and Irwin etal. (2004), respectively.
the LMC and SMC was covered by Haschke et[al. (2011). In the Pointspread function (PSF) photometry (for details, see se
NIR, the RC has mainly been used in the Milky Way (&.g. Alvelion 2.1 of Rubele et al. 2012 hereafter, Paper IV) is usebats
2000), with some distance determination done for the LMg. (e Of @aperture photometry in this region because PSF photgmetr
Sarajedini et al, 2002, Grocholski eilal. 2007). Reddeniagsn "€covers more sources within crowded regions of which there
of the Milky Way bulg'e have been made using the NIR VISTR'® several in the 6 tile being studied in this paper. This is
Variables in the Via Lactea survey datain Gonzalez et all#po demonstrated in Figuid 1 where density maps of aperture and
Extinction due to dust acts as a measurement of dust cBiSF Photometry are shown for this field and Tdble 1 lists some
umn density which can be compared with the LMC maps of

H1 gas emission (Kim et &l. 1998) and far infrared (FIR) dust’ Regior_ll_shhavedat least Zgoinginggl(after codmbiningjitt&v!s)s?ccrjw q
issi Kner et 2 ] ; ; aw print. The underexposed regiond | at two edges are not include
emission |(Meixner et al. 2006). Dust is seen both in predol our regions but should recovered when adjacent tiles bserved.

inantly atomic 1SM and in molecular clouds, a.n.d it can thuéther small regions have up to 6 overlaps which are accouoteid
be used to probe the atomic-molecular transition. The dug{a confidence maps.

to-gas ratio in a galaxy is mainly correlated with metaici 4 gstimated using ESO VIRCAM Exposure Time Calculator v3.3.3
(Franco & CoX 1986); some additional variance is linked ® thyith settings of: blackbody with ¥5000K, Airmass16, Seeing

mass outflow rate_(Lisenfeld & Ferrara 1998). The Very Large (K), 1.17(J) and 12”(Y), Point Source, DIE1 sec, Total Exposure

Time = 2400s {), 2400s () and 9000sKs).

! Recent determinations ofi range from 23 to 37 5 lhttp://www.ipac.caltech.edu/2mass/overview/about2mass.html

(Subramanian & Subramaniam 2010). 6 Exposures taken at slightly fiierent positions for two main rea-
2 Centred at RA 05" 37" 40°008 (J2000), Dee sons; firstly, to remove stars in producing a sky for sky saditons and
—69 22 187120 (J2000). secondly, to minimise contributions from cosmic rays and piaels.
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Table 1. Objects associated with regions containing apparent
gaps in Figuréll.

Object no. RA Dec Object type

o

Tarantula Nebula 1  84.658 —69.085 Hu (ionized) region

NGC 2070 84.675 -69.100 Cluster of stars
R136 84.675 -69.101 Cluster of stars
BAT99 111 84.679 -69.101 Wolf-Rayet star

NGC 2080 84.929 -69.647 Cluster of stars
LH 105 84.975 -69.748 Association of stars
NGC 2079 84.979 -69.750 Cluster of stars
LHA 120-N 159 9 84.988 -69.743 Hu (ionized) region

2
3
4
N 160A-IR 5 84.929 -69.643 Young stellar object
6
7
8

HD 38617 10 85.312 -68.770 K3lll star
H88 310 11 85.333 -68.785 Cluster of Stars
HD 38706 12 85.374 -70.034 M4lll star
HD 38654 13 85.379 -68.879 MQM1 star
LHA 120-N 177 14 85.400 -70.017 Hu (ionized) region
NGC 2100 15 85.533 -69.212 Cluster of stars

Notes.All data from SIMBAD (http://simbad.u-strasbg. fr/simbad/).
Objects given in J2000 coordinates.

3. Analysis
3.1. Photometry

In PSF photometry we can use photometric error and sharp-
nesH for quality control. We plot photometric error and sharp-
ness against magnitude for each band in Fifjlire 2. Contaes lin
depict density of stars, relative to the densest region rder
gions of 05 mag and M1 mag error or 2 sharpness. Levels

of 1%, 5%—30% (step 5%), 50%—-100% (step 10%) are drawn
in Figurel2, in red, cyan and green, respectively. The sadura
limit is shown in magenta. Sources are extracted by the ayert
photometry pipeline up to 2 magnitudes above this limit; see

' i 2012, hereafter Paper llI, for details)

The patterns are very similar in each band; when sources
are fainter the photometric error becomes larger and aaimil
change occurs in sharpness. A small number of sources exhibi
a spike in error and sharpness at aboub1675 mag, which

Fig. 1. Density map containing als band stars for tile & using precedes the more exponential rise. Their location withees
aperture photometry (top), PSF photometry (bottom) from tho the peak suggests this is caused by source blending oderow
VMC v20120126 release. The low density gaps are describedrig effects. There is also a similaffect for bright objects with a
Table[1 and are much smaller in the PSF photometry. The7l0 large increase about the saturation limit and a separatsl|esm
pattern of small gaps in the aperture photometry does netteflincrease seen beyond it. Both cases represent very lowesourc
a lack of data, but rather where the confidence is high duedensity. We filter our selection to only include sources with
contribution from multiple detectors. A software bug ittwed sharpness betweerl and+1 in every band because very sharp
as the VSA rescaled the confidence levels and pushed the yalints are likely to be bad pixels and un-sharp points amdylik

ues beyond the overflow limit so they show as low confidente be extended sources (such as cosmic rays). The top panel of
rather than high, and hence not plotted. This bug has beenh fixdgure[2 shows thefect this filtering has on photometric er-

in future releases.

ror. Using this filtering reduces the total number of souroes
9.35x 10° (from 1.59x 10P).

We are using the) and Kg bands. Usage of th¥ band is
covered in AppendikIC.

7 An image-preculiarity statistic produced from the IRAF

of the known features associated with these incompletemnsgi DAOPHOT allstar task used for producing PSF photometry -(out

with star clusters and Hregions being the most prevalent.

lined in Paper IV).
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3.2. Colour-Magnitude Diagram J-K, mag

The colour-magnitude diagram (CMD) is an important tool fdrig- 3. Ks vs. (J — Ks) CMD of LMC field 6_6 accompanied by
evaluating the sources contained in the data for this regidiyan contours representing density, and histograms efKs)
Figure[3 shows the CMD for this tile, containing approxinate (bin size 001 mag) andKs (bin size 005 mag). It can be seen
1P stellar sources. This is an old population; the main secgienthat this field is largely made up of main sequence and RC.stars
RGB and RC populations are all resolved, and the asymptotic
giant branch (AGB) is partly seen (the VISTA saturation timi
prevents the full AGB population being seen; see Paper Hhoy and 25% cyan contours surround this feature. The 20%
for details) and the tip of the RGB (TRGB) is clearly seen &lyniour extends ts = 17.6 mag. This isKs ~ 0.4 mag be-
Ks = 12 mag, consistent with literature findings ( tabw the 30% contour. This feature is made up of RGB stars and
2000). There is a noticeable amount of excess sources beyg secondary red clump (SRC) feature. SRC stars are helium
(J - Ks) = 1.5 mag andKs = 16.5-19 mag. Th)%‘:a'buming (with enough mass to ignite helium in non-degemerat
magnitudes and colours of background gala et@nditions), found up to.@ mag away from the main clump and
) _ _ _ _ are the youngest RC stars with an age of 1 Gyr (Gi 1999).

~As the CMD is extremely dense in certain regions (the R§he smaller density of the SRC and the fact it may be less uni-
in particular), a contour map of stellar density is overf@ldtin  form across the whole LMC (due to the young age) mean we do
cyan on Figur&l3. The lines are built with a bin size resolutid ot make orts to include it in our RC star selection.
0.01 mag inKs and 005 mag in § — Ks). The contour lines are  geyeral approaches can be taken for defining RC selection. A
drawn with the cell containing the most stars (1172) as tpeiyed range in colour and magnitude is one possibility. Hasvev
level and the cyan contours are where the number of Souregg amination issues (caused by RGB stars) arise due ta-cove
range from 5%-30% of the peak, with a step of 5%. ing a large magnitude range. From the contour lines we aee abl

The panels to the top and right of the CMD are histogramg see that for the bluer colours)(¢ Ks) < 0.5 mag) the density
of colour (top) and magnitude (right) with the same bin sizefye|s are essentially constant with respect to colour dautefd-
The major peaksKs = 17 mag andJ - Ks) = 0.6 mag) are ger colours (§ — Ks) > 0.6 mag) the contours stretch in colour
within the RC region while the minor peaki{= 19 mag and and magnitude. This gradient is caused by the attenuafiects
(J - Ks) = 0.2 mag) are due to the main sequence. of dust and is described by the reddening vector. The magmitu
range for the selection of RC stars depends on colour, gahin
reddening vector; in this way we can keep it narrow enough suc
as to minimise contamination by non-RC sources. To detamin
Figure[4 zooms in on an area of the CMD in which high stethe K cuts we first determine the reddening vector as the gradi-
lar surface density is related to the RC. As the densestmagio ent between the RC peak and the reddest point on the 5% con-
more compact we add green contours whose lines cover 508ur level (the 1% contour level is too noisy and the 10% conto
100% densities with steps of 10%; we also add a red contoul@tel does not go to a point to the extent of the 5% contout)eve
1% density. The green contours coincide with the RC and thi@e line between these two points is shown in magenta in Eigur

3.3. Defining the red clump
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Fig. 4. Ks vs. 0 — Ks) CMD with stellar density contour lines

added (red: 1% of peak, cyan: 5%—-30% of peak with step bfd. 5. Ks band histograms (luminosity functions; bin size of
5%, green: 50%—-100% of peak with step of 10%). Estimat&d5 mag) for 0 — Ks) colour given in panels. Black: all stars,
reddening vector is in magenta and RC selection box is markéashed grey: excluding RC stars, dashed red: contamiriation
in black. terpolation.

[ and the gradient is.054. The magnitude range is determine

from the highest and lowe&i; magnitudes of the 30% contour. . : g _
This region covera\ Ks = 0.54 mag for any given colour. The fér::t?é?]cgzi’,[:ﬁa\,\éﬁ:l ;:sﬁzzt;rg/l;j ding stars satisfying tie2s

. 5 s o
reason for choosing the 30% contour is using lower % contours Using the histogram we estimate the amount of non-RC pop-

makes the magnitude range too broad, increasing RGB star “Qtion inside the RC selection by interpolating from psilying

tamination while using higher % contours makes the range Bhtside of the RC selection. In performing the interpolaticare

narrow, losing distance modulus variance. . . . .
An alternative method to determine the gradient of the rea/_as taken not to overestimate contaminants by using the-dist

. ; . L ution excluding RC selection (shown in dashed grey in FEgur

dening vector is to use the VISTA filter application of thﬁ) and interpolgting betweenE{!(S mag from the bri%]ht}(/ast ze?o

Girardi et al. (2008) extinction cdigcients from Paper 4. For and Q75 mag away from the dimmest zero. This interpolation is

a typical RC star in the LMCTe = 4250K, logg = 2) the hown in dashed-red in Figut® 5

gradient is 0741, agreeing well with the previous measurement. These points excluded the f.ringes of the non-selected RC
We exclude stars bluer thad ¢ Ks) = 0.4 mag and red-

der than § — K) = 1.5 mag to minimise contamination frOmpopulation as these have a large spread in magnitude, a large

young main sequence stars and background galaxies, resrsi&g_ree of RGB contamination (for some colour ranges) and are

tively. From Figure[¥, the contribution of stars redder th%g}?;&?ﬁgfﬁ(}%%z zglggiﬁ)anC population, which justifie

(J - Ks) > 1.0 mag is minor but is required to probe the red- We can see in all panels, except the bluest, a bump where

dest populations. e )
The final selection box plotted in black in Figlide 4 is the aretge RC occurs and this is covered by the magnitude range cho-

- ; o sen. The bluest colour binJ(- Ks) = 0.2-04 mag, not part
of the CMD where the following equations are satisfied: of the RC selection) lack this feature and the reddest cdiour

EJ — Ks) colour; we show these histograms including all sources

04 <(J-Kg) <15mag (1) ((J - Ks) = 1.3-15 mag) start to have this feature become less
distinguishable from contaminants.
Ks > 0.754x (J - Ks) + 16.293 mag (2 In the panels coveringl(- Ks) = 0.4-06 mag there is an un-

usual knee-like bump at dimmer magnitudes compared with the
more normal distribution of the other panels. This is a migtu

. . . . of the RGB continuum (the RGB is found at € Ks) ~ 0.5 mag
Applying this selection yields a total of 15828 RC stars. for these colours) and SRC.

A problem with any selection for the RC is contamination from
other components. These vary along our colour selectiombut
clude intermediate mass He-burning stars, young main seque3.4. Stellar and red clump population density and distribution

stars, background galaxies and, around the peak of the RC pop ) )
ulation, the first ascent of the RGB. In Figuife 5 we show hid® 9auge how well the RC (and hence, the estimated reddening)

tograms (luminosity functions) oKs magnitude, for strips in "epresents the stellar population as a whole, we comparkshe
tribution on the sky of the RC against that of all stars anaoth

8 This is described in further detail in Sectionl3.6. populations using the following CMD selections:

Ks < 0.754x (J — Kq) + 16,833 mag 3)
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Fig. 6. Density of all stars (top—left), RC stars (top—middle),edtept RC stars (top—right), main sequence stars (bottfthahd
RGB & giant stars (bottom-middle) and background galaxiestom—right) within the field for regions of % 5.

— All stars: CMD range of 1X Ks < 20 mag andJ — Kg) < for 10 evenly spaced contour levels between zero and the peak
1.5 mag. density. Figur&lé shows these for the distribution of alisfep—
— RC stars: defined on the basis of the selection box in Sectileft), RC stars (top—middle), all stars except RC starstigt),
B3 (using equations 1-3). main sequence stars (bottom—left), RGB and other gians star
— All except RC: All stars range excluding the RC selectiofbottom—middle) and background galaxies (bottom-right).
box. The general trends seen are, an increase in sources towards
— Lower main sequence: sources dimmer thai ¥6Ks < 20  the south—west region, (this region is where the LMC barsgss
mag, bluer thanJ - Ks) < 1.5 mag and excluding the RCthe tile) and a decrease surrounding the 30 Doradus region

stars selection. (RA=8465, Dee=—-6908). However, neither of these trends are

— RGB and other giants: 12 Ks < 165 mag, § - Ks) < 1.5 identical for all populations. In particular the main sengce
mag and excluding the RC selection. population (Figurél6, bottom—left) has less of an increase t

— Background galaxiesJ(- Ks) > 1.5 mag for 12< Ks < 20  wards the LMC bar. This may be due to the main sequence stars
mag. being more abundant throughout the tile because the papulat

distribution is flatter; as very few areas have contour Ebel-

The magnitude range is chosen due to completeness of the CMid 50% of the peak. The main sequence peaks in southern and
and photometric errors beyond these boundaries (see Fjuravestern regions, the bar region is more abundant than ttle-nor
regrettably, this does exclude what can be seen of the AGB peast.
ulation) and the colour limit eliminatedfects of background The intermediate aged RGB and RC populations (Figlire 6,
galaxies on the selection. top— and bottom—middle) increase towards the bar, which sug

For each of those selections, we then produce contour mgests the bar itself is of intermediate age and not partisula
of stellar density for regions size®%5’. The outputis displayed metal poor. This matches the finding ani (2009); the RGB
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star content of the bar is a few Gyr old and has a metallicity + '®* [

[Fe/H]= -0.66 = 0.02 dex. The drop in the north—east regiol
(clearer in these intermediate aged populations) coaghaith
areas of redder colour, such as regions 0-2 and 1-2 in HigiZte /
The background galaxy distribution (Figlide 6, bottom—tigh
is not flat or uniform as would be expected. If we ignore th
lowest 2 contour levels we find a few areas contain nearlyfall
the remaining 8 contour levels. We investigated the pdggibf
these areas being galaxy clusters but did not find any to berknc 68
at the co-ordinates. However, it is also possible theseighdyh
reddened RC stars, excluded by the colour dii{defined due
to high amounts of noise). The presence af kegions (LHA
120-N 159, LHA 120-N 157) in these areas suggests thattl !
is the case. The RGB and other giant star distribution sitygila
has an unexpected find in the form of the peak region arou
R136 (in addition to the more typical peak around the LMC bat
This feature may be giant or pre-main sequence stars ingluc 172 |
in the CMD cut df as we did not define a lower colour limit.
We return to this point in Sectidn 5.6. From looking at thes
different populations, the density distributions should berak

into consideration when comparing RC to non RC populatior 17.4 s B
0.45 0.5 0.55 0.6 0.65

16.6 |

w
o
E

v

especially for the younger main sequence stars. J-K, mag

) Fig. 7. Ks vs. (0 — Kg) CMD with isochrone line for the he-
3.5. Reddening values lium burning sequence for two metallicities and the appropr
The reddening in colour excess forB(J — K), is obtained us- &€ age ranges: Younger, more metal rich (iggr) = 9.0-
ing: 9 B ) 9.4,Z = 0.0125) are in blue and the older, more metal poor

(log (t/yr) = 9.4-97,Z = 0.0033) are in red. The black error bar

E(J - Ks) = (J - Ke)obs— (J — Ks)o (4) in the top left represents error in LMC distance. Magenta and
green contours are described in Figure 4. The RC peaks afre con

Where (—Kg)opsis the observed colour of a RC star ade-Ks)p ~ Sistent with the red isochrones when accounting for foregdo

is the colour of a non-reddened RC star known as the intringi@lactic extinction (estimated to k- Ks = 0.04 mag from

colour. Schlegel et &l. 1998).

3.5.1. Determination of intrinsic colour (J — Ks)o Figure[T shows the CMD region of the RC stars and the

To determine the intrinsic colour, we make use of version 2i80chrones for only the helium burning phase (after the RGB
of the Padova isochrorfesusing the evolutionary tracks of Phase). Shown are the contours and RC selection box like in
Marigo et al. [(2008) antl_Girardi etlal. (2010), convertedrte t Figureld, distance error for isochrones is shown in mageni,
VISTA Vegamag system as described in Paper IV. the isochrones are plotted in blu_e and red for the younger and
As intrinsic colour varies with metallicity and age, we con@!der sets, respectively. The earlier, more age dependieses
strain the possible age and metallicity ranges using thei@BH (younger than- 2 Gyr; log ¢/yr) < 9.4) do not make sense for
duced in Paper IV on two corners of the tile (these areas of IGWmajority of the data as it would suggest unusually low or-neg

extinction correspond to regions 0-0 and 3-2 in T&RIE A. hpil ative reddening. Also, the log/fr) = 9.1 track lies outside our
SFH is fairly consistent for ages older than 1 Gyr. RC selection. The older tracks are contained within a nagrow

We use their data for the best fitting age—metallicity reld@"9€ 0f~ 0.025 mag in colour and all but the end stages of he-
tion (AMR) as input for the Padova isochrones. The metallim burning are within the RC selection. The average aldreg t
ity is converted onto th& scale using the relation: lag) = older tracks, § — Kg)o = 0.495 mag, is adopted as the intrinsic
[Fe/H] - 1.7 (Figure 5 of Caputo et Al. 2001 show this for LMcColour. . _

SMC and Galactic Cepheids). Two sets of isochrones are pro- Comparing with Tablé All, we see for regions 0-0, 3-1 and
duced: the first, younger set covers lofyf) = 9.1-94 with 3-2 the median is aroun&(J — Ks) ~ 0.035 mag. This is

Z = 0.0125 and the second, older set covers tpg} = 9.4-97 consistent with the foreground Galactic extinction estamaf
with Z = 0.0033 (log ¢/yr) = 9.4 appears in both due to the SFHJ — Ks) = 0.04 mag from Schlegel et al. (1998). For the whole
histogram bins overlapping). The age stepsidog (t/yr) = 0.1 tile the mean |sE(q - KS.) = 0.091 mag, more than double the
for both. Foreground Galactic extinction was not accourived foreground Galactic estimate because Schlegel et al. d@ndt
as we want to find total reddening (when using the Schlegdl eti§ Not intended to) account for the additional reddenindninit
(1998) valueA, = 0.249 mag, theJ - Ks) colour is reddened the Magellanic Clouds.

by 0.04 mag).

As the isochrone tables are in absolute magnitude we apBly. reddening law & conversion to Ay
an LMC distance modulus of 148 + 0.03 mag I(Ripepi et al.

20129 to theKs magnitude. For consistency with the VMC survey and the Padova
isochrones, we use the same extinction ftoents from

® http://stev.oapd.inaf.it/cgi-bin/cmd_2.3 Girardi et al. [(2008) with the VISTA filter update from Paper

10 This is consistent with 188+ 0.05 mag [(Walker 2011). IV. The extinction cofficients are based on the stellar spectra
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Table 2. Extinction ratioA, /Ay for thelCardelli et al. (1989) ex- On the instrumentitself, detector 16 has variable quanfum e
tinction law for VISTA passbands for a typical RC star. ficiency in the top half, especially noticeable in low baakgnd
conditions. As a result, flat fielding is worse for the regions-
ered by that detector, particularly for the outer half. Tagion
VISTA filters 7 Y 3 H Ke that the two observations within detector 16 covers in ourkwo
Ao (M) 0.8763 1.0240 12544 1.6373 2.1343 Iisthe dense LMC bar. The poor flat fielding is seen from the two
Weg (um) 0.0780 0.0785 0.1450 0.2325 0.2600 strong horizontal lanes of apparently high extinction seehe
A/ AY 0.5089 0.3912 0.2825 0.1840 0.1201 region, which correspond to the twef'set observations from the
outer half of detector 16. A method to gauge tlfieet is to see
if any features in this region are also seen in non-VMC obser-
vations for this region. This is done in Section]5.5. The oagi
from|Castelli & Kurucz[(2004), in addition to the Cardelliat affected is RA 83:48 and Dee —69:73 and has been marked
(1989) extinction curve. The VISTA filter transmission cesv on Figure 8.
are fully accounted for giving it an advantage over Cartelli
%J 2/\/6 ]%I? g(iy(Si?:ZlARpg esr:g?(e? .=T25151902K? Il\(/)zz trez\)/é\lxlgsﬁﬁatu.z Distributions of reddening along the line-of-sight
E(J - Ks) = 0.16237x Av. The aim of this subsection is to try and identify where dues li
in relation to RC stars.

4. Results

4.1. Reddening map 4.2.1. Sub-maps: J — K slices

The RC star extinction map for the tile is shown in Figilre 8 Iéigure[I(D shows contour density maps for individual slices o

: i ; ; " extinction, to show a clearer picture of the regional disttion
histogram of the extinction scale (A&, andE(J — Ky)) is shown extinction,
in Figureld. There is a small gap in coverage aromsmd star ftgmiOf extinction. The contours are drawn based on.the densRof
region NGC 2080 and little coverage within R136 (Secfion 5gars per 5< 5’ splitinto 10 levels. The legend gives the number
looks at R136 in more detail). As most locations contain higﬂ stars at each contour level (on the bottom) and the prdipabi

and low extinction stars (due to multi-layered structunejlpse 0! Stars in that region having the same extinction (on thg. top
( y reg able[3 describes the number of stars contained in eachesiite

proximity, it is difficult to assess the impact from this map alone, . : , .
In SectionZZJ1 we look at eight maps covering more limite e extinction range covered by each slice. Slice 2 is thet mos

_ L numerous containing 26% of all the RC stars while slices 1-4
E(J - Ky extinction ranges. cover~ 88% of all the RC stars.

The B'and 29 slices are virtually inverted in thé™and g
4.1.1. Issues with method and data slices. This suggests the latter slices are the reddenedatimm
from the former slices. However, this view is complicated by

Within the K, vs. (J — Ks) CMD there is some potential over- 6, 7 and 8 also containing populations absent froresli

lap between what we select as RC stars and the RGB. As tﬁlé%es d
stars will also be fiected by reddening it is important to know ™’ and 3. - . : .

where they lie on the intrinsic CMD,; if the RGB stars are at the The probabilities given In the Ie_gend (.)f F'g@ 10 are an es-
same intrinsic colour as the RC stars then the extinctiohbeil UMate of the probability of a star in a given sightline, Irayi
the same. However, if the RGB stars are intrinsically regther extinction within that extinction range, based on the tota-
extinction is partially overestimated. Using the isoclesipro- ber of stars in all SI'_CeS'. We see that arou_nd R136 nearly_la_ll t
duced in Section 35 we find the RGB lies atKs) = 0.53-Q57 Sources are found in slices 5-8, suggesting that the dgsinlie

mag (brighter magnitudes having redder colour),féedénce of front of the stars here. If the assumption is made that the RC
~ 0.05+ 0.02 mag from the mean RC star. However, the first a iecently represents the tile as a whole, the probabilitysap
> used for reddening estimates of other star populations F

cent of the RGB covers a large magnitude range with stars m “ctiorC3H we see other intermediate aged populationshmatc
ing at approximately @17 magMyr which could mean a fairl Lo, . :
g bp y My Y the RC star distribution well while earlier phases coreddess.

low stellar density of these. Taking a typical RC lifetimeQof _ . .

Gyr an RGB star moves a total of7lmag in this time. The RC In particular we found relatively few RC sources in t_he nerth
selection box we use is abous@ mag meaning it would take west and relatively many RC sources for _smaII regions of the
an RGB star 32% of the RC lifetime to cross the RC. south—west. We see that both of these regions are almost-excl

In reality though, the first ascent of the RGB concentrat§€ly comprised of stars in slices 1-4. The south-wesbregi
atthe Iumin{)sity V\?here the H-burning shells meets the capotontains the LMC bar which is likely to be in front of the LMC,
tion discontinuity left by the first dredge-up. This is knoasithe or ha_s little dust obscu_rlng It o
RGB bump. For LMC metallicities this luminosity is at the sam __ Finally, the peaks in the background galaxy distribution in
level of the RC, and the feature thus overlaps (and is hidgin t519urel6 correspond with regions in slices 7 and 8. This ssigge
the RC. Also, the RGB evolution slows down at the RGB burrﬁ5'0$e peaks are further reddened RC stars r_mssed from our se-
so that the movement outlined above is overestimated. ffaete [€ction due to the background as a whole being more dominant
the RGB has on the reddening map is important for low reddeffben looking at the whole tile.
ing (E(J - K)s = 0.1 mag,Ay ~ 0.6 mag) where this might be
overestimated in some instances but is less important fbrehi
extinction.

The photometric errors and intrinsic spread in the RC ledtle measure dispersion of reddening for RC stars to try amd lea
to about 14% of the RC selection having unphysical negatiabout the relative locations of stars and dust. A populatiiih
reddening. low dispersion will contain less dust while higher dispersi

4.2.2. Reddening dispersion



B. L. Tatton et al.: The VMC survey — VII: Reddening map

A,
0 1 2 3 4 5 6
0 0.2 0.4 0.6 0.8 1
E(J-K,)

.

e
AN

2
Ty

R e "'C' o 5 R ) :anjd:';)--' . s' “eg & "!-.a'x,-' PR
A e e SN O A, - e
P e SR e T ’Qg;f"“‘j»-?‘, N
ox 3 Yt o e e At (B Pty E’ﬁv 3
I R Feasma X et g & ;i}%‘- !
7 ¥ o

-68.8 Bl
T

; ; Pl bR

R e
g:,%i',--q' ) ;ng( Fige N

&

1, ¥
rc‘
il 4

-60.2

-69.4

Dec (deg)

-60.6

-690.8

Fig. 8. Extinction map for whole tile. Colour scale is shown on t&§J - Ks) scale below anéy scale above) and reused in Figure
[@. The black line marks the location including théeets of the two fiset observations by detector 16 (see Se¢fion}4.1.1 for more
information). 9



Distribution of RC stars in slice 1
0.00 0.07 0.14 0.22 0.29 0.36 0.43 0.50 0.57 0.65 0.72

B. L. Tatton et al.: The VMC survey — VII: Reddening map

Distribution of RC stars in slice 2
0.00 0.05 0.11 0.16 0.22 0.28 0.33 0.38 0.44 0.50 0.55

Distribution of RC stars in slice 4
0.00 0.07 0.14 0.21 0.28 0.35 0.42 0.49 0.56 0.63 0.70

Distribution of RC stars in slice 3
0.00 0.05 0.10 0.15 0.20 0.24 0.29 0.34 0.39 0.44 0.49

—68.8
—69.0
-69.2
B -69.4

—69.6

-69.8

-70.0

o 19 37 56 74 93 112 130 149 167 186 o 17 35 52 70 87 104 122 139 157 174 o 14 29 43 57 72 B6 100 114 129 143 0 16 33 49 B5 82 98 114 130 147 163
—68.8 —68.8 —e8.8
-69.0 -69.0 -69.0
—69.2 —69.2 —69.2 > v
‘ 3 -60.4 ‘ ' ~60.4 8 —69.4
3 3 &
—69.6 , —69.6 ' @ —69.6
'

-69.8 -69.8 —69.8 () 3

9 )
q -70.0 -70.0 4 -70.0

L A4

86.0 855 850 845 B840 835 83.0
RA (J2000)

Distribution of RC stars in slice 5
0.000.04 0.09 0.130.18 0.22 0.27 0.31 0.36 0.40 0.45

O 9 18 26 35 44 53 82 70 79 88

86.0 855 850 845 840 835 83.0
RA (J2000)

Distribution of RC stars in slice 6
0.00 0.030.06 0.09 0.12 0.150.17 0.20 0.23 0.26 0.29

0O 5 11 16 21 27 32 37 42 48 53

86.0 855 850 845 B840 835 83.0
RA (J2000)

Distribution of RC stars in slice 7
0.00 0.03 0.050.08 0.11 0.14 0.16 0.19 0.22 0.24 0.27

0O 5 9 14 18 23 27 32 36 41 45

Q.

86.0 85.5 85.0 845 84.0 835 830
RA (J2000)

Distribution of RC stars in slice §
00 0.02 0.03 0.05 0.07 0.08 0.10 0.11 0.13 0.15 0.16

0 2 4 7 9 11 13 15 18 20 22

-68.8
—-69.0
-69.2 ‘
& —-B9.4 &

-69.6

-69.8

-70.0

-68.8
—-69.0

-69.2

V'

J

—-B9.4

-69.6

-69.8

-70.0

—-B9.4
a

-68.8
—-69.0

-69.2

5
y

)

-69.6

-69.8

-70.0

—68.8

—69.0

—69.2

—69.4

—69.6

—69.8

—70.0

.‘

86.0 855 850 845 B4D 835 83.0
RA (J2000)

86.0 855 850 845 B4D 835 83.0
RA (J2000)

86.0 855 850 845 B4D 835 83.0
RA (J2000)

86.0 855 850 845 B840 835 830
RA (42000)

Fig. 10. Contour map of number of RC stars (bottom legend) and prtityabf RC star (top legend) within’5x 5’ bins for each
colour slice. Region containing detector 16 is outlinedlack. E(J — Ks) andAy range of each colour slice are given in TaDle 3.

Table 3. Number of RC stars in each colour slice (extinctiothe regions of greatest are also the regions of greatest redden-
ranges given) and total number of RC stars. ing (but the regions surrounding these have much lower galue
than in the 1and 8 maps, this is due to 30diameter resulting

in small samples and being zero). Likewise, the’ Sliameter
map is more similar to the reddening map where the higher dis-

Slice  Nac E(J - Ky) Ay isn _ | _ /ne (
min max min  max persion is associated with the regions containing the [adjouls
mag mag of reddening slices 5-8 (in Figure]10). This increase is due
1 24738 -0.095 0.005-0.584 0.031 to high extinction regions covering a much larger range of ex
2 38868 0.005 0.055 0.031 0.339 tinction values than the low extinction regions.
Z gjgﬂ g'(l)gg 8'%82 8'222 g'ggg The larger extinction range is caused either by the RC stars
' : . : being in front and behind the dust or them being embedded
5 10851 0.205 0.305 1.260 1.875 L . - . )
6 3068 0305 0405 1.875 2.489 within the dust. To investigate this we looked at a higher mo-
7 2439 0.405 0.605 2.489 3.719 ment, the kurtosis, finding for the’ Sliameter there is a high
8 1069 0.605 1.005 3.719 6.177 kurtosis for low extinction regions (as the data is largetyund
Total 150328 the peak) while high extinction regions had a lower kurtdsis

these values were still close to those of a normal distiipuitiat
you would expect from embedding within the dust.

can be related to stars being embedded within the dust onit @a2.3. Dependence of reddening on distance

show a significant fraction lies behind dust clouds. Inggsging

higher momenis can help distinguish between these possibilAnother measure of the relative location of dust and staitseis

ties.

change in reddening with respect to luminosity. RC stars nea

For a map based comparison of reddening variance we selé& bright edge of the reddening selection box will in gehleea
RC stars within a 30, 1 and 8 diameter of every RC star. We nearer to us than stars near the faint edge of the redderlewg se
then find the standard deviationr) of these selections. Figuretion box, reflecting dterences in distance modulus. The more
[I1 shows the resulting maps. These have some similarityeto ffistant stars are more likely to lie behind more dust tharssta
reddening map in that is h|gher in regions covered by higherneal' the front of the L_MC, and we thus expect the more distant
extinction slices. Less similarity is seen in the’3aBap though stars to be more heavily reddened.

11 Measures of shape of a distribution of points.

10

When splitting our RC selection into 5 equal magnitude
ranges, which follow the reddening vector, we observe a de-
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Fig. 11.Maps ofo for RC stars within &’ (left), 1’ (middle), B (right) diameter of each RC star. Values shown in legend.

4 ¢ tudes from the SRC while thel - Ks) = 0.5-07 mag panels
T T 5 7 T have aslight bump at brighter magnitudes.

1 To examine the féect of magnitude on the reddening distri-
- butiorfd we use histograms of colour on the 5 magnitude ranges.
1 We choose the™ and 4" parts (which have a fference of
1 Ks = 0.21 mag, a distance of 5 kpc) as a contrast for compar-
ison because the outermost parts are méiected by the intrin-
sic slope and RGB stars (while the central part will not show
as much contrast). These histograms are normalised totdle to
number of RC stars included in the parts (rather than to th& pe
as the height of the peak may vary) and also plotted are the ra-
| tio of the less luminous part divided by the more luminoud.par
| Figure[12 shows these plots. We see that for higher reddening
1 the further, less luminous component has up to 35% moreighl
1 reddened stars than the closer, more luminous component and
this efect becomes stronger with extinction. While there is some
small number statistics it shows to a small extent that thetmo
highly reddened stars will be more frequently found to be les
luminous and most distant.

4000

3000

2000

1000

4.3. Total hydrogen column density

0 02 0.4 0.6 0.8 1 It is possible (making assumptions about the compositiah an
EU-K) radius distribution of dust particles) to use extinctiomstimate

Fig. 9. Histogram ofE(J — Ks) (bottom) andAy (top) distribu- the total hydrogen gas column density(in units of cm?) from
tion with bin size of 0005 mag. Green is the region coverindts relation toAy;
50% of the sources centred on the median where darker blye
is lower than this and brighter red higher and purple exttgme—— = x x 10% cm2 (5)
high (covering the sparsely populated upper 50% of the redde Av
ing range). The numbers and vertical lines detail the cabce  \whereNy H is the sum of molecular, atomic a

. . : nd ionised hydro-
regions used in Secti¢gn 4.2.1. gen content and varies throughout the Iiteratul

(2009) findx = 2.21+0.09. However, this is for Galactic regions
where the dust-to-gas ratio (and metallicity) is highenthés in
. the LMC. To account for thisf yc = 0.5x Zyw), we halveAy.
s is more more easily expressed by (and has the séiect e

ing magnitude (decreasing luminosity). This is caused gy t ; 5 Glver &zel (200D
intrinsic slopes of the RC, RGB and SRC rather than the re 5) doubling th I ) value fox

dening (which would be expected to cause the opposite efz Apsolute magnitude does noffiect reddening, but reddening may
fect). This efect is more clearly shown in Figufé 5 where th@e dependant on apparent magnitude as these have somenreda-
0.4 < (J - Ks) < 0.5 mag panel has a bump at dimmer magntation within line-of-sight.

11
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4 6 120-N 154 and DEM L 248) and a molecular cloud nearby
\ T ([FKM2008] LMC N J0536-6941; see Sectibnb.4).

We also use these maps in Section 5.3 where we compare
them with Hr column densities measured from observation.

5. Discussion

N

11 5.1. Using the data

In order to make the data products useful to the community we
are making reddening maps available in several formats.odDne
these is a complete catalogue containing each RC star as well
as means, medians and maximum values (as well as dispgrsions
for regions of sizes 3Q 1’ and 3. The probability map for red-
dening in those regions will also be made available as a casmul

Total number of stars (%)

1 1% tive probability data cube.

This is available from CDS. A sample of the table is shown
in Table[4. The data cube is in the form of FITS files linearly
projected in 16 slices.

5.2. Comparison with optical reddening
| b | n
0 1.2 1.4 ®  [Haschke etal.[(2011) produced optical reddening maps using

OGLE Ill data for the LMC and SMC and have made these data

: . . . available via a webforfd. Their selection criteria define the RC
Fig. 12. Histograms of more luminous (red) and less luminoug, being in the CMD region of 150 < | < 19.25 mag and

(green) RC stars, normalised to total number of stars ircselg) o < (V- 1) < 1.35 mag for sub fields containing at least

tion. In blue is t_he ratio of Ies_s Iu_minoug to more '“”_“i”OFE"St 200 RC stars, where the sub field sizes range fréBrx4'5 to

lar numbers using a larger bin size (ratio given on right iSBX 3¢/, 3¢ hased on number of RC stars. A histogram is then taken

Sources within detector 16 region have been excluded frem §&,ich has a Gaussian plus second order polynomial fitted to it

lection. the peak of which is taken to be the mean and is tested agaénst t
reduced ?; where fields with values greater than 3 were flagged

We use the above equation to estimate total hydrogen ci§l" Inspectlgnbby (ra]yehForthe Ll\/kI)C_4f|((adest\)Al/erﬁe£tkedd V(‘j’h'Ch H
umn density] for regions of 1 x 1’ using three dferent mea- Was caused by the histogram being double peaked due to the

sures of density. The first measure (maximum) selects the s'?aGB'

with the highest reddening in a region because this would-be a Thg;{hg\aerr?" fl(;:\/lt%ea\r/eerﬁ)gnev\\/lveaEaﬁ\e/ (;oln)w zrigoaﬁiso;'g/ Zera o
fected by (and hence measure) the most gas. A drawback of {H%g gn. 9 ; paring rag
SE(V - 1) = 0.13 mag. They also inspected, by eye, regions

method is that it might provide an overestimate for regiohs o
small scale structure (as these small scale results areifieagn v_vhg;g ItEo('?z/alﬁnl) gécreee?oer?s‘;z %?egre(t\?viee S;erg /iooﬁgt\t]v?]ilgll;ﬂﬁa
to arcminute scales). As a countermeasure we also look at ’ 9 g C . 9 .

— 1) = 0.25 mag; 16 are in the region we are comparing.

mode and median (the former is defined from histograms of hese regions were better represented by moving the RC box to
size 044 x 10?1 cm2 where the peak is taken as the mode) al: 5 <|<9195 maa and ® < R/ <1 8yma T%e mean is
though these are skewed by stars in front of the ISM and lated ‘ b fg - fthes -© Mag. h C
column. alculated as before. For most of these regions the eximog-
Figure[T3 shows maps for the three methods (from left MAINS unchanged but the-width becomes much larger (more
19 PS . so in the red than the blue). The extinction values in thesal+re
maximum, — mode, — median), the right panel shows the d

en- . N . . .
sity represented by the pixel count and histograms of th ug,rhlated regions are not given in their output tables but ameng

AN .. in Table 2 of Haschke et al. (2011).
distributions are overplotted. We see that the peak extincs Their selection box follows a linear selection (rather tlaan
affected somewhat by random noise from the reddest RC starlsé%-

lection. possibly including some backaround aalaxies. B dening vector) which is between 3—4 times larger thas our
P y 9 9 9 : ' and because of this there is greater RGB contaminatioreflarg

T e oo oy Eountefor b he use of second-der obnomial)
[13 has maximum colljlmn denZities as high as<ZBP cm2 9" We compared theiE(V - I) values to oulE(J - K) using
9 ; _two methods. The first method (fixed range) uses the same RC

such concentrations are no longer atomic hydrogen but &lm Blection as Sectidn 3.3 and the second method (slidingeJang
exclusively molecular hydrogen, meaning that the maps ean _defines the RC selection as a fixed box as follows:

compared with molecular clouds surveys. We revisit thisipoi
in Sectior{ 5.4.

When comparing the maximum with the mode and medialf,] — Ks)p — 0.25] < (J — K¢) < [(J — Kg)p + 0.45] mag (6)
we notice that a small region around R84°, Dec= —69.6° is
not presentin the latter tv%o, implying that the stars aretipas [(Ks)p — 0.5] < K < [(Ke)p + 0.5] mag @
front of the feature here. There are knowniegions (LHA (J — K¢)p and Ks)p are the densest@ x 0.05 mag areas of the
CMD for that region.

13 Referred hereafter as Inferred total hydrogen column teasid
Inferred total H. 14 http://dc.zah.uni-heidelberg.de/mcx
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Fig. 13.Maps of inferred total H column density fof & 1’ regions of the & tile. Maps are based on (from left—right) maximum,
mode and median extinction. The region containing detelas outlined in red. Histograms of inferred total H colurmendity
are shown in the right panel.

Table 4. Table of RC stars, giving position, reddening and stasatic RC stars surrounding it for 3 diameters? 30and 3. Two
sample lines are displayed; the full table is availabletetedcally from the CDS. Ellipsis indicate missing columns

RA Dec EQ-Ky) 30 T
(J2000) mag N o Mean Median Maximum| N o Mean Median
84.4710 -70.1051 0.1575 | 1 0.0000 0.1575 0.1575 0.1575 6 0.0472 0.1108 0.0945
84.7594 -70.1042 -0.0395 | 2 0.1945 0.0980 0.2355 0.2355| 6 0.1165 0.0666 0.0995

Table 5. AverageE(J — Ks) for comparison methods. considering both are measurifig there is considerable devia-
tion from a linear fit beyond\, = 0.4 mag (and up té\, = 0.4
mag there is considerable scatter but the middle groundis a |

Range ear fit). The best fitting red line for higher values &f has a
Fixed  Sliding gradient of 075, representing the Haschke etA). being 75%
mag mag

of our Ay, provided we use the recalculated reddening values. In
the intermediate range of®< Ay(TW) < 0.8 mag we see the
greatest deviation with Haschke et al. reporting low exiorc
Looking at the sky location of these points we find the major-
ity of these points are in the regioffected by Detector 16 (see
Sectior 4. 111) where our data is unreliable.

There are some factors to consider regarditfiggoBnces:

For both methods we calculate the mean, median and stft}-Some diterence might arise from the extinction within the
dard deviation ) for each region. The average value for eacNIR being much less (approximately a factor of 3 less), magni
region is summarised in Tallé 5. TE€J - Ks) median is found the NIR is a less sensitive probe of lower extinction and kenc
to be consistent because both selections cover the cologeraan under estimate.
where the highest density of RC stars lie. The mean @nd[2] The Galactic foreground may have some influence.
E(J - Ks) have greater dierences because the sliding range iaccording to [Schlegeletal. [ (1998) this contributes
narrower in colour than the fixed range. However, the narromg(J — K) = 0.04 mag andE(V - 1) = 0.103 mag. This
colour in the sliding range is more consistent with the woek weould explain why the zero points do not join exactly at
are comparing with. E(V-1)=EJ-Kg=0.

We compare the optical extinction with the average of th8] Also, we must not ignore the fierence in intrinsic colour.
mean and median results for the second method. The valueskagchke et al. assume a metallicity &f= 0.004 and obtain
then all converted intéy using Schlegel et al. (1998) for the opE(V - I)g = 0.92 mag [(Olsen & Salyk 2002). We, on the
tical and Sectiof 316 for our NIE(J — Kg). These are referred other hand, used a metallicity & = 0.0033. To test the
to asAy (Haschke) and\, (This Work; hereafter TW), respec-difference, we produced isochrones (as we did in SeEfidn 3.5,
tively. but instead for th& and| bands), finding an intrinsic colour of

Figure[ 14 compares the extinction values with thenlidths E(V — 1) = 0.90 mag. Using this would redden the Haschke
plotted as error bars. Squares and triangles are for poimsev et al. values slightly with the largesffect seen for the lowest
our selection has more than and less than 200 stars, rasggcti reddening.

The purple hexagons show thfg, values of the recalculated

E(V —1) values (and their error bars) from Haschke et al. (2011) Next we examine thefiect of sky position on relative ex-
against theAy of our work. Three red lines are drawn showinginctions. This is shown using two maps in Figlré 15; the first
gradients of 1, 05 and, 6. A positive trend is observed butmap is anE(J — Ks) map using the Haschke et al. regions and

Mean 0.081 0.074
Median 0.068 0.066
Sigma  0.087  0.082
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Fig. 15.Map of sky showing extinction values (left) arg (Haschke)Ay(TW) (middle). The dotted outline is the boundary of our
tile. Black triangles on a cell indicate that particularl sehs made using data that comprise of fewer than 200 statsctde 16
region outlined in black. Coloured triangles on a cell irrdécrecalculated extinction ratio (where colour if trismif recalculated
value). Empty cells are whefg(J — Ks) ~ 0 mag (excluded due to producing extreme values in the ratige). Right: histogram
of Ay(Haschke)Ay(TW), the dashed blue histogram excludes that detectordiéne

these outliers yield a very high ratio in comparison with tést

of the data. These maps are shown in the left and middle panels
of Figure[Th. A histogram of thAy ratios is shown in the right
panel of Figur¢_1l5, the peak is A (Haschke)A,(TW)= 0.75

with a fairly even distribution on both sides of the peak. In
dashed blue is the histogram when excluding the detectos-16 r
gion. The distribution is more positively skewed, causedeisg
lower extinction regions sampled.

When we compare the two maps we see a lower
Av(Haschke)Ay(TW) ratio at higher extinction (and the detec-
tor 16 region) and the opposite for lower extinction. Thessau
is likely to arise from a combination of the optical being mor
sensitive to lower reddening and the intrinsic colour useitdp
bluer than ours. Meanwhile, for higher reddening; the OGLLE-
data are prevented from detecting the stars with the modered
ing, as these lie outside of t@%&t al. selection box.

A, (Haschke)

Haschke et al. already consider the latter by inspectinggthe
regions by eye and re-drawing the star selection boxes to bet
ter cover these regions. The values in these regions have bee
over plotted as outlined, coloured triangles in the middiaqd
of Figure[I5. Little change is seen because this does noirtake
Ay (TW) account the & widths associated with these values (which tend

Fig. 14.Comparison betweefy (Haschke) and\, (TW), con- 0 be skewed toward higher extinction).

version from Schlegel et al. (1998) and Seclion 3.6, respyt Note that the criteria for re-drawing the selection do nat-co
Squares indicate regions with over 200 stars while trissgle sider regions which have both low and high extinction popula
dicate regions with less than 200 stars. Purple hexagorts@aretions. This could lead to some cases of the high extinction-co
values for the recalculated regions. Regions within deteb® ponent being completely missed.

gg\lizlbtgeln g;(gl;gsgr.om the plot. Red lines representsegreadi Haschke et dl. also used the OGLE lIl data to produce an RR
' Lyrae extinction map (shown in their Figures 9 and 10) which
visually, appears to agree better with our result. Howesabylar
data is not provided because the stars are sparsely dtstiibu
the second map is the extinction ratioAf(Haschke)A,(TW). (with 120 having estimated extinction, using the mean of the
For the second map we omit regions whaggTW)~ 0 because surrounding cells due to no RR Lyrae stars contained in them)
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This suggests that in the optical wavelengths, extinctenived Table 6. Table of total H emission and corresponding totat H
from RR Lyrae stars is more reliable than that of the Red Clumgolumn density.

The VMC survey has also made use of the RR Lyrae stars
OGLE Il databasel (Soszyhski et al. 2009) in studying redde
ing (Moretti et al. 2013, in prep), producing two maps. The Emission  Column density

first map shows reddening derived from the relation between i (Jy beant™) (cm?)

trinsic colour, ¥ — 1)p and V-band amplitude (Piersimoni et al. 4 2.0%10*
2002). As OGLE IIl provides I-band amplitudes these were 8 4.06<10°*
scaled to V-band amplitudes using a fixed scaling factorg(1.5 11 5.5810°"
Di Criscienzo et al. 2011). The second map uses the visual V ig ;'gzigl

Period—Luminosity relation (which has large dispersioe ¢
varied reddening range) paying attention to stars With 20.5
mag and stars with 26 V < 20.5 mag. Regions containing
these stars trace structures that could be associatedesiiden- ) ) o
ing excess due to dust in the regions. These regions condspgensity levels of 10%-100% of maximum, for bin sizes of 2%
with the high reddening regions of the first map suggestiigy tHn €ach axis data range). We see the best fit to the measured H
is the case. vs. maximum inferred total H is the 1:1 line up to abdlf =
Both of these maps agree with what is shown in Figiire 8. TRex 10°* cm? where the measured Hevels df. The best fit
median reddening value of the first m&{V — 1) = 0.11+ 0.05 t0 the measured Hvs. mean inferred total H is the 2:1 line,
mag agrees excellently with the Haschke ét al. (2011) RRe.yrgupporting the hypothesis that for a given sightline, orraye
reddening median value &(V — 1) = 0.11 + 0.06 mag. For half the stars lie in front of the Hcolumn. The levelling ' is
the RC stars df Haschke ef al. (2011) théatience in reddening Once again observed. _ _ .
values was calculated (for each RR Lyrae star within a RC)field There are a number of possible causes for tfiexe To high-

finding a median dference of @0+ 0.05 mag. light a few: _ o
[1] The Y resolution of the emission does not resolve the small

) ) structure causing the extinction;

5.3. Comparison with H1 [2] The instrumentation only detects up t@y beamn? for a
The Hi observations come from the Australia Telescop@Ven velocity channel. As the spectrum peaks in a certaigea
Compact Array (ATCA) observations presented_in_Kim et ajl'S might mean the instrumentation becomes saturatedwhi
(1998). They are in the form of a (19982230x 120) data cube 'S reflected in the observed plateau. _

containing 120 channels covering a heliocentric velogityge 3] Hydrogen becomes molecular in the dustiest clouds ansl th
of 190-387 km's!, each covering a velocity dispersion ab% C€ases to contribute to the column density. Additionéttlg,lev-

! . " : i i — 1 —2 i H

kms. The resolution per pixel is approximatelyt 1. The €lling off effect begins aNy = 4 x 107! cm? marking this as
area that covers our tile is 243270 pixels. Due to the Hemis- e Start point of atomic—molecular transition.

sion being a combination of column density; Huclear spin The latter is the most likely and can be checked by focusing
temperate and background emission this will not always bePg the upper end of maximum extinction and seeing where these
perfect mirror of the column density. lie in relation to known molecular clouds. This is performied

In a few of the regions surrounding and within 30 DoraduSectiori5.A. _ S
the emission features become absorption features. Thiges d We also measured the velocity of the peak emission finding
to nearby bright sourcesfacting the instrument normalisationthis lies between the 4Dand 60" channel (256-289 knT¥),
leading to overcompensation, or self-absorption (Figuref 1 @ range which got slightly narrower for higher extinctiom T
Marx-Zimmer et all 2000, identifies these regions as abisorpt demonstrate this, we split therlthap into 8 extinction slices (us-
sites). However, the total number of pixeffeted by this (128  ing the ranges from Tabld 3) by using the maximum extinction
and 3x 3) are a small minority of the total (243270) and have calculated for Figure 16. For each slice we then calculagetsp
been excluded from analysis. Figliré 19 shows the totarhis- DY averaging the emission for each of the 120 velocity chisnne
sion in the top—right panel. contained in each extinction slice. The resulting 8 speatea

We convert the emission from (Jy beah) into column den- shown in Figuré&_1l7.We see the distribution narrowing, ﬂmr{:_\v
sities (cnT2) using equations 1 and 5 frdm Walter et al. (2008fge grows and the peak of the graph tends to appear in slightly
This is then compared with the inferred total column dengity 'ower channels with increasing extinction, this is demmatsd
rived in Sectior 413. For convenience in comparing Fidude ¥4th the FWHM and central peak plotted in Figlre 17. This +ein
with the top—right panel of Figufe L9, column densities avery  forces what can be deduced from Figlre 16; for high extinctio
in Table®. the distribution narrows and a higher ratio of sources reheh

We compare the measured knd inferred total H (derived Plateau value.
from Ay) column densities using two methods. The first (individ-
ual) method compares the total column density of each RC
against the measured column density at the location of t@at
star and the second (group) method compares mean and maxkigure 16 we saw that the observedstarted to level fi after
mum total column densities for a region of RC stars equal toNy =~ 4 x 10°* cm (i.e. saturation is dficient to begin forma-
one pixel of the H data. As theAy is a surrogate of all the H tion of Hi) and generally finishedfbaroundNy ~ 6 x 107!
content rather than just theilive expect to find agreement forcm2 where in between is a mixture ofiHand Hr due the tran-
the two data between . sition being incomplete and observing someihi front of the

The measured Hcolumn density vs. Inferred total H columnsite of transition. Figure 1 of Schaye (2001) shows Hydrogen
density for both methods is shown in the panels of Fidguile 1€lumn densities as a function of density and the fractidio
Overplotted are gradients of 2:1, 1:1 and 1:2 and contous (&nd Hux compared to the total hydrogen and the Hominates

Sé"?‘ﬁ. Comparison with molecular clouds
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Fig. 16. Measured H column density vs. inferred total column
density (converted from extinction). Points depict indival val- —-70.0
ues, contours show increasing source density (10 levetgngn % L .
from 10%-100% of hlghest_den5|ty fo_r bin size of 208% for 86.0 855 850 845 840 835 830
each axis length), darker lines are higher density. Linesvsh RA (J2000)
gradients of 2, 1 (i.eNy = Ny) and 0.5. Analysis excludes re-
gions within detector 16. Fig. 18. Smoothed total H column density map identifying re-
gions whereNy, > 8 x 107 cm™2. Points in black are molecu-
Gap LT Troo et ar clouds identified in the literature with ellipses drawhere
P+ Slice ] 1 [Fukui et al. (2008) estimate properties.
F| + Slice 2 b N
F| + Slice 3 7HZHSH\ 1
__0.3F + Slice 4 j A -
S L Slice 5 / Y ]
2 F| - Slice 6 Z . % ]
£ f| Slice7 —— . oy .
> - Sice 8 : 1 atthis level. These are then compared with identified mdéecu
C 02t ‘ 1 cloud sites from the literature obtained via a SIMEEGuery. A
; r 1 majority of these originate from the work lof Fukui et al. (2)0
'€ F 1 (used CO as a surrogate fomlwho also provide size estimates.
Yook 4 Figure[I8 shows the map with these identified sites ovegalott
E 1 and their radii drawn where possible.
r o : ] On the whole we see good agreement with increasing col-
0.08 B S a1 4 umn density showing scaled reddening to be firative tool

220 240 ! ‘260 . 28‘0 . iOO*U 520 340 for finding molecular clouds. However, it is not an absolute
eliocentric velocity (kms tool as we have regions of high density where there are no

Fig. 17.Mean Hi emission for each velocity slice and extinctiorl€arby molecular clouds and a few regions in the north where
slice for mean extinction of each pixel. Extinction rangesach Fukuietal.(2008) has identified clouds which we find to be be-

slice given in Tabl&l3. Peak of emission tends slightly tdyearow Nu = 8 x 10°cm™. These regions are identified as LMC
slice and distribution of emission narrows for highestrotion. N J0532-6838, LMC N J0535-6844, LMC N J0532-6854 in ta-

ble 1,3 of_ Fukui et &l.(2008). They have fairly low CO lumi-
nosities. Also, one is a small cloud; LMC N J0536-6850, which
this atNy ~ 5.6 x 10?* cm2. Figure 2 of Schaye (2001) showsFukui et al. (2008) do not derive properties for.

the metallicity vs. total H content and there is little change be-  \when comparing the top—right panel of Figurel 19 with

tween Galactic and LMC metallicity. _ _Figure[I8 we see that in some regions, where theission
The maximum total H emission map produced in Sectiqgye|s of (N, > 11 Jy bean!) does not correspond with molec-

4.3 is used to identify potential molecular cloud regionisisTs  yjar clouds sites. The north-east region (which is also @reg

done by boxcar smoothing the data (to remove noise) and thgiow RC star density; see top-middle panel of Figlre 6) i on
applying a cut ofNyy > 8 x 10°* cm2. This cut is required be- notable example.

cause only at high densities does hydrogen become molecular
We also look at sites wherdy > 6 x 10 cm 2 because we
have seen the atomic—molecular transition to be largelypbet®  ° http://simbad.u-strasbg. fr/simbad/
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5.5. Comparison with dust emission is much greater in the eastern tiles than in the western(tlies
to the southern molecular ridge and 30 Doradus). However, th
%frall majority of the emission lies within a similar em@@s

ge for all tiles. For the second method each comparisat pi
in our reddening map is equal to ¥3 3 pixels of the MIPS map

Reddening is caused by dust in front of a star (dust extinytio
a comparison between the extinction and emission may rev
the relative location of the stars and dust. A complicatimg,
in itself interesting factor is that reddening probeg AVEINOW  making each of our comparison pixels sample 4332« 32737
column — a stellar diameter wide or¥Qoc for a typical RC star region.

— whereas the angular resolution of images is typically-00

c at the distance of the LMC; comparison between reddeni To account for the range of emission values for the map we
P Co ’ P . ; Efine contour levels using a power law {#6) rather than lin-
and emission maps can therefore reveal information abeut

smallest scales at which the dust clouds present structure rvalues. There are some gaps in the emission map arismg fr
To this ai i P " ith : th bright source subtraction leading to over subtraction meoe-
0 s aim we compare our extinction map wi ions (e.g. centre of 30 Doradus at RA84.6°, Dec= —69.1°).

Multiband Imaging Photometer for Spitzer (MIPS) maps fro . : - o .
the Surveying the Agents of Galaxy Evolution (SAGE) Survegigi T;%Egpf!g{?ﬁjj;% left panel of Figliré 19 for the emis

(Meixner et all 2006). SAGE is a uniform and unbiased survey
of the LMC in the IRAC and MIPS bands of the Spitzer Space
Telescope (covering a wavelength range d-360um). The 5.5.2. 70um emission
MIPS data we are using are the @2# and 7Qum maps which ,
have pixel sizes of 249 and 480, respectively. The 16@m For th_ls wave_le_ngth we uset_d the 2009 release of the fylini0 _
map is not used because the dominant background source E'H}asa'c containing the combined Epoch 1 and Epoch 2 data. This
complex Milky Way cirrus) has not been removed. being a full mosaic, unlike the 24n data, all of the observ-
The shorter wavelength 24n data trace warmer and smallefnd area is contained in a single combmed_ file which we again
dust grains while the longer wavelength/# data trace larger, CroPped. However, theffects of detector variance are more vis-
cooler dust grains. The maps being used have had the resid@§ in this format and at this wavelength. Thesieets were our
background and bright point sources removed. main reason f_or opting to_apply boxcar smoothing to the group
Like in Sectior[5.B, we are comparing our extinction map t§ethod described in Sectibn b.5. _ o
these emission maps in two ways. The first way is by obtaining With the second method each comparison pixel in our red-
the corresponding MIPS emission value for each of our RGS@%”'”Q map is equal to X 7 pixels of the MIPS map (this was
(individual method) and the second way is by obtaining extinchosen due to the pixel count of the cropped MIPS map for this
tion over a range of MIPS pixels with means, modes and maf{€, also tested were t 1, 2x 2 and 14x 14). This means the
mum values produced (group method). The pixel ranges cho§&§ond method covers areas of 8% 33.6.
result in similar resolutions for both 24n and 7Qum data (see ~ Unlike the 24um data a linear emission scale of 15-315
section§5.5]1 &5.52 for exact numbers). MJy sr* with steps of 20 MJy st suffices for showing the data.
For both methods we produce two diagrams with contodflis range allows the map shown in the top—middle panel of
plots overlaid comparing emission (presented on a logaiith FigureL19 to cover approximately the same regions as ther24
axis due to the wide range of values) against extinction.réae map.
son for overlaying contours is to identify where the majodt
the data lies more easily and the significance of outliersés-o
estimated from looking at diagrams alone (because in high d
sity regions sources heavily overlap, lowering their visoa Note that the FIR emission is a combination of dust emissivit
pact). The reason for two plots is that the second one applig,s; andTqus; (via the Planck function) anfly,s; will be higher
boxcar smoothing with a filter size of 3 to the emission and exnd emission brighter in the immediate vicinity ofitlegions.
tinction. The smoothing reduces noise and outliers. We fllso  The first comparison we perform is by directly looking at
linear plots (emission increase peOD mag of extinction in- the reddening and the emission maps. These are shown ireFigur
crease) to the Maximum extinction. [I9. There is good correlation between emission peaks ard hig
For the group method we also produce maps of the compaktinction. For example, the bright FIR emission around 30
isqn, for easier regional inspection of data and compangitn Doradud and the southern molecular rifides matched by
prior maps. high reddening. With regard to correlation between lower ex
The average extinction is expected to generally increaie Wiinction and emission, the non-mapped emission regioms¢h
respect to emission. However, when it does not this eitha@nse with FIR emissions below 1 MJyst at 24um and below 15
that the star population lies in front of that traced ISM teat MJy sr at 70um) correspond to reddening slices 53
F)r; the extinction Sightlin_es miss the |SM because its $tmec However there are two types of regionaﬁ-‘di’ences we ob-
is very clumpy. The maximum extinction values should showgerve; regions where high extinction is found but there s le

3.5.3. The comparisons

tighter, more continuous correlation with surface brigiss emission and the opposite where strong emission is fourfg wit
out corresponding extinction.
5.5.1. 24um emission Two prominent regions with high extinction and less emis-

sion are found in the ed@dtand a crescent west of R1361f we
The data we are using are the second MIPS data release faggsume the FIR emission source is the sole cause of extinctio
early 2008. For these data the individual MIPS observations
were mosaicked to match the size and positions of the 1° ¢ RA=84°8, Dec=—-69.1
Spitzer InfraRed Array Camera (IRAC) tiles the SAGE pro-!” RA=850, Dec=—6%75
gramme also observed. MIPS tiles 22, 23, 32 and, 33 contatf colour excess oE(J - Ks) < 0.105 mag and\, < 0.605 mag
the area of our extinction map. These tiles were croppedlo on'® RA=86°, Dec=—68.4
cover the areas within our extinction map. The emission@ang® RA= 8420, 6920 <Dec< — 632
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Fig. 19. Top-left: The 24:m FIR maps with emission scale of 1-2471 MJysiTop—middle: The FIR 72m map with emission
scale of 30-315 MJy st. Top-right: Total H emission (Jy beant). Sources outside stated limits are omitted from these maps
Bottom: The peak (left), mode (middle) and median (rightlirection map from our data for the tile using the group method
Sources outside of scale are omitted from these maps.

then this would mean that this emission has a much strongertife top and bottom regions but not the middle. These molecula
fect in this region. A more likely explanation is that these a clouds regions were also based on theddta.

regions where the dust clouds have small scale structutéstha

diluted by the FIR emission, but revealed by the RC stars (we ) ) o

see this in all our reddening maps). When examining these re- TWo examples of the oppositéect (bright FIR emission but
gions in prior comparisons, we find optical extinction (ig&ie lower extinction), are found around RA&3:2, Dec=—-698 and
[15) is around 60%-80% of our NIR extinction and the measur&f\=84:0, Dec=—696. These are fairly small structures (too
H1 map (top-right panel of Figufe 1L9) agrees with the eastetfall to be detected in the regions sampled in Figufe 10p Als
region but only the bottom half of the crescent. Interfeeepat- the narrow sightlines of the RC mean that compact clouds will
terns caused by the nearby 30 Doradus (evident from the rifi@t be reflected in extinction if there is not a RC star detecte
like structure seen in the measured Hap) may be a pOSS|' behind them and the I|kel|h00d of missing SUCh C|0UdS |mea
bly cause. The eastern region contains known moleculadslodor smaller structures. Given the second region is onlyigléyt

(Figure[IB) while the crescent region has molecular clonds Missed suggests this is the case. Finally, the first regamleds
just within the detector 16 region (which as a whole does not

correlate well with the features seen in the FIR maps).
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Another comparison we perform is by comparing emissic
with extinction on a region-by-region and star-by-staibéike g
was performed for the Hdata in Sectio 513). To account for 100 &
decreasing source density at higher emissions we plot emiss i
on a logarithmic scale while the contours are plotted theesar
as in Figuré_Ib except the bin sizes now cover 1% of the x-a: 1
range and 2% of the y-axis range. For the group methods ' _

plot linear fits (which appear curved due to log scale) fohea | o [.- .

comparison where the gradient is twice as steep for the mez g
comparison as it is for the maximum, accounting for the fa; 100
that on average half of RC stars are in front of the dust. The'é i
comparisons exclude sources from within the detector 1i®meg £
and regions where there is zero or negative emission (czh;,secg 1
bright source subtraction). We supplement each companigbhn 3 C
a boxcar smoothed version. 1000 £
Figured 2D and 21 compare the /24 and 7Qum emission g
to the E(J — K) extinction. The individual methods in the bot- %° £
tom panels consistently show low source density1 0%) above 10
E(J - Ks) = 0.3 mag. A tail of sources around 10 MJykiis
seen abové&(J — Kg) = 0.5 mag in the 24m emission. The 1
70um emission distribution is similar to theiFigure 16) with
high emission found for much of the extinction range.
We see for the group methods that the chosen linear fits fit tiie
contour ranges well. However we should focus on where thisfgg. 20. 24um emission vsE(J — K) extinction for individual
not the case because this can help us identify regions aéstte method (bottom) and group method means (middle) and maxi-
In general these regions are more common in ther@émission mum (top). Contours represent increasing source densiitR
than in the 7@:m emission. panel applies boxcar smoothing to the data. The linear fits ap
We have mapped some of these regions in Figure 22. The pked are: Emissioa 20 x E(J — Ks) MJy/sr to the mean and
tinction vs. emission ranges depicted in each colour arenishoEmissior= 10x E(J — Kg) MJy/sr to the maximum.
in the panels adjacent to the maps in the figure. Regions below
the linear fit line represent where the emission does nottete
the dfects seen in reddening while above the linear fit is where
RC stars do not probe this. We notice ther lHegions where
massive hot stars lie are responsible for the strongestsamis . o .
(much stronger than a linear increase would suggest). Tae g C" as seenl_thh the8 ice "\O“Vﬁ'ra et al. 2009). Y]Ve d'ﬁ ob-
produced by these stars have the greatésteon the small dust ztetrr\i/t?u{ae ?r?irs]-ténﬁggtligcrsvisight?n;k?sﬁz gm:zisr':;nént u?:lji%al we
grains (probed by the 24n emission) and thisfeect does not idate. E h 9 ddeni gt di i :y .
lead to reddening increases on the same scale which is wbg thadate. Even so, the reddening, as expected, is not exelysiv
regions are brighter in the 24n emission. Regions with very caused by a single form (composition, size and temperatire)
low emission compared to maximum extinction (shown in méj_ustgram.
genta) are scattered around the tile edges an2#ut at 7Qum
they generally outline the warm idregions suggesting the two
are linked. The fact the maximum extinction is greater asg;

gests the dust content is structured on smaller scales e thg, Sectior[34 and in Figuf@ 8, we noticed that RC stars were
facking within the R136 region. In this subsection we exglor

S making use of other stellar tracers to compliment the ektinc
the 24um more greatly (which is seen by the larger green r‘?ﬁap for this region.
gions). The regions where there are linear tails in the eariss ) ) ) _
(blue selection) are found in the 2 emission around the pre- !N Sectior{ 3.4 we noticed a high density of stars around the
viously mentioned crescent and eastern regions of highsionis R136 region in the CMD selection brighter thkn = 16.5 mag
and lower extinction. In the 7@m these tails surround theiH (& CMD range which we defined as being of intermediate age).
regions instead. These tails are evident in the mearteotein !N the CMD shown in Figuré 23 we focus on this part of the
these regions arefacting some or most of the RC stars suggesgMD. ignoring the RGB. The sources around R136 (in bur-
ing this dust content is a larger structure. These obsenasiug- 9undy) are mainly found at)(— Ks) ~ 0.2 mag (much bluer
gest the dense dust is found around theidgions (and it may than the RGB) and resemble the reddlened popu_latpn of young
be that we are unable to probe the highest extinction of tresse SOUrces (in grey) atl(— Ks) ~ 0. The histograms in Figute 23
gions, which explains why the reddening appears smallat) wshow that the magnitude of stars around R136 follows the same
the density decreasing around them but having small-strale-s Pattern as the rest of the tile. The colour on the other hand, i
ture. offset confirming the earlier observation.

However, it should be considered that dust grains can have This offset can be used to estimate the intrinsic colour of the
their radii and emissivity modified from being coated by athgopulation by assuming that the bulk of the population inttlee
elements causing their extinction law to change. When tbis ds not dfected by reddening and so adopting a baseline colour of
curs this can lead to an overestimate of the column density aid — Ks) = —0.115 mag. However, as this is estimated from the
thus, an apparent non-linear increase with respect to nialgle CMD it is affected by foreground Galactic extinction and so to

R BRI

\1\\\\\\\J\J\\|\|\|\|\\\\\\\\\:

0.2 0.4 0.6 0 0.2 0.4 0.6
E(J-K,)

5.6. Reddening around R136

Alternatively, the radiation field from the tdemission &ects
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Table 7.Mean and Median reddening for R136 selection and RC
stars.

Selection E(J - K) (mag)

Mean Median
R136 0.288 0.280
RC 0.297 0.271

and secondly, better examine this region as the young ptiquila
gives use more coverage in the centre compared to the RC stars

The reddening map we produce is shown in Fiduide 24 with
the R136 selection plotted as squares (top panel, total 407
sources) and the RC stars plotted as circles (bottom panal, t
500 sources). We use the same scale as FIdure 8. Distribution
wise the younger population is found more towards the centre
than the RC stars and the reddening probed is slightly lower b
covers a narrower range. The mean and median reddening (give
in Table[T) are very similar for the two populations (with & di
ference of around.01 mag). The larger mean in the RC stars
and hence the largerftierence between the mean and median is
due to the RC stars probing a larger extinction range.

Another comparison that can be made is with th&u3ie

Fig.21.70um emission vsE(J — Kg) extinction f(_)r individual Interstellar Bands (DIBs) analysed in_van Loon et Al (2013)
method (bottom) and group method means (middle) and Mafey have compared DIB equivalent widths (combining the
mum (top)._ Contours represent increasing source c.iensng Galactic and LMC components) tdy measured from the
pa_mel applles_ b(_)xcar smoothing to the data. The linear fits E’\Fbry Large Telescope Flames Tarantula Survey (VFTS) sample
plied are: Emission (500x E(J — Ks) + 4) MJy/sr to the mean ich mostly contains O- and B-type stars). This is shown in
and Emissior (250x E(J - Ks) +4) MJy/sr to the maximum. Figure 14 of van Loon et al. (2013) (hereafter, Figure vL). We
compare the DIB equivalent widths with the reddening of our
younger (R136) and intermediate (RC) aged star populations
account for this we must also subtract this;-(Ks) = 0.04 mag, For our younger selection, we select stars withirf agdius and
finding an intrinsic cololfd of (J — Ks)o = —0.155 mag. 5” radius, averaging extinction where there is more than 1 star
The reddening we can probe using these stars is limited\Wé also do the same for the RC, but due to fewer stars we have
Ay =~ 2.9 mag due to contamination from the redder supeie use radii of 8 and 18’ instead. Figuré 25 shows the results
giant and RGB populations. However, this should biisient of DIBs 4428A and 6614A equivalent widths (with Galactic and
for R136 itself as it is not highly reddened (although its-sutMC components combined) with wider radii points plotted in
roundings are). We use the reddening to firstly, contrasethe green and red (for young and RC stars respectively) and the
fect reddening has on young and intermediate aged popusaticsmaller plotted in black and grey (for young and RC starseesp
tively). The point sizes are based on number of sourcesmwithi
radii (larger radii contain more sources) where green gaise
a smaller scale to black points.

2! Note that isochrone tracks (including version 2.4 of thed®adso-
chones, Bressan etlal. 2012) do not cover this region of thB CM
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Comparing Figure 25 to Figure vL we notice both plots have L ‘. © eete o3 ° ‘e e
a lot of scatter and also th, range probed by our young stars e N ¢ ° . o "0 &
is slightly smaller. The RC stars on the other hand are evaemo 5914 [¢* °, .‘.' et .o ..' o -4
scattered. Looking at the data extremes and best fit of Figure LY e . ® :'-::.'.’. . L BT
and our young stars, there is great similarity in the datgeamd VSO W PR, i B S B P LT
the best fit up tdAy = 2 mag but after that our data becomes a bit 84.8 84.75 84.7 84.65 84.6 84.55
narrower and steeper in comparison. This may be due to dfop-o RA (deg)

from a lack of sources. However, this steeper gradient sigge

the young stars lie further behind the dust than the O- angB-t Fig. 24. Reddening map of R136 region using CMD selection
stars. The RC stars cover a wider extinction range and Simifggm Fig.[Z3 (top, squares) and RC stars (bottom, circlelsp T

emission range. This suggests their population is more iixgddening scale is consistent with Figlle 8.
with regards to position in dust. However what occurs at fgh h

and low ends of extinction is interesting. At high extinctiove

see the DIBs are weak and there are few RC stars. These RC
stars may be seen behind dense structure while the OB sEarsGeer
seen though less dense structure. At low extinction we seée mo’

RC stars where a few regions have strong DIB absorption whigling the VMC observations we selected RC stars for the 30

suggests that these RC stars are in front or in between the bgbradus region in the LMC. Isochrones were combined with

of the dust. SFH to determine the intrinsic colour for a RC star for calcu-
This subsection shows that it is possible to supplement tlagion of extinction. We converted this extinction indg values

RC sample with other stellar populations within some regionand produced a map of this made available in several formats.

However, diferent populations probe the ISMfidirently and We are able to use the RC stars to probe extinction U, te 6

have diferent spatial positions in relation to the ISM. mag. The map has been used to:

onclusions
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Crr R BT cm 2. Also, we were able to map out molecular cloud regions
= 0.15 : based on the total column density and excluding regions of
— I atomic hydrogen.

- 7 — Compare with the Spitzer SAGE dust emission
= o o , 7 (Meixner et al. | 2006) finding overall agreement with
© ° L. ° - some diferences in the detail, due presumably to tem-
m 0.1 SRR S "w o °, — perature va_riatipns of t_he emitting_ grqins. In particular a
= R . eastern region is prominent in extinction maps and the H
~ s : "\ o8 ":- ¢ i (as high extinction and dense regions, respectively) but is
S e ey R - | not a feature in the MIR emission maps. This may highlight
o . e e oL o% e, e . some small scale structure. In general we found thev0

— L . a@ t0 € o . _

= o ,'o"""s:’.. 0 -"'b-°=~ e, - . emission a better tracer than theu?d emission. This may

= 0.05 =2 DR ’0‘; va ® % e . Lo be due to RC stars not heating dust to the extent warm stars
v R L A A ,':g.-lu.-g o e 1 would angdor RC stars not being found in the proximity of

5 rte 2&.32.9‘.’9; 3’"8*”5;.' ,-'._ & e warm stars (which would warm the dust).

5 U e ele *%, v : . , o

o o e PR S * . Finally, we take another look at reddening in the R136 re-
= d —| gion using an abundance of young stars present in the region.

e e e e L 1 We see the young stars have similar reddening to the RC stars

| : | | — and use them to examine the relationship betw&gand DIB
o - equivalent width using data from the FLAMES Tarantula syrve
— | (van_Loon et al. 2013) finding similar results to what theyrfdu
" ° e, | when using O_—and B-type stars. This shows_ it is possible ¢o us
g . . other populations to_supplement.the reddening map. _
< . e . 7 The future work lies in extending the method onto other tiles
m 2 . ¢ g °e ¢ — in the VMC survey, and for this tile, dereddening the RC stars
= S . . o 0% % - to determine three dimensional structure.
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Appendix A: Red Clump peak variances Fig. A.1. Field 6.6 split into a 4x 3 array for analysis of RC

We analyse how the RC varies across the tile by splittingithe franance (shown in Figu{e A.2). Region names labelled.

into a 4x 3 array (12 regions; shown in Figure A.1). We locate . i
the CMD area of highest density, corresponding to the mgst pdable A.1. Red Clump peak position across fields@rom me-
ulated bin (using the same bin sizes as befofét thag ind—Ks  dian in CMD region and contour map peak position.

and 005 mag inKg; this limits their accuracy) and compare this
with the median for colour and magnitude for each region; the

values are in Table_Al1. Figuke A.2 shows the histogramidistr Region Centre (deg, J2000) Median  Confolikrc
bution of the RC stars in colour (top) and magnitude (bottom) RA Dec I-K Ks (I-Kg) #
For each region the normalised (with respect to the peak) ave0-0 8574 -69.87  0.527 16.956 0.52 11396
age of regions 0-0 and 3-2 are overplotted in dashed red as a I@>-1 8574  -69.37 0540 16.986 0.56 8168
extinction comparison. From this, it is seen that the regjioith (1)'(2) gz'gé ‘gg'g; 8'285 1?'8% 8'52 ?3234
higher median colours have their source distribution edéeiin =~ ;7 g/'a7 5537 0'633 17.050 0‘27 18619
the redder componentrather in additionto a complé&ed(i.e. 15 g41g87 _pas7 0612 17.016 060 8613
they are positively skewed). This suggests foragivenreg 59 8399 -6987 0570 16.983 055 19677
all of the stars areftected by reddening but there is a multi- 2.1 8399 -69.37 0562 17.001 054 12763
layer structure with some stars lying in front of the causthef 2.2 8399 -68.87 0.578 17.010 0.51 9658
extinction. When comparing the contour peaks, which milver  3-0  83.11 -69.87  0.550 16.968 0.52 23180
histogram peaks, to the median values, ttigedénce is generally 3-1  83.11  -69.37 0.527 16.961 0.53 14534
3-2 83.11 -68.87 0.536 16.971 0.53 9432

larger when the extinction is higher. The clearest examfiiei®
effectis in region 1-1 where 30 Doradus lies with &elience of
0.067 mag. Regions found to the north-west and south (1-0, 0-1,

0-2, 1-2) have similar dierence. All these regions have stronglotes.® For contour method the peak in magnitude is alwbys=
H1 and Hr emissions which may be related to the cause of tht§95 mag.

effect.

our observations are in VISTAJKs. Both the UKIRT and
VISTA photometry are in a Vega magnitude system.

However, UKIRT's IRCAM3 and VISTA have dierent filter
In sectior 3.6 we mentioned that there are alternative exbin curves and system transmissions in detail, particulark/iKs.
laws that could have been used instead (or rather, wouldtbav&his causes the post-calibration magnitudes to vary $light
have been used had tE#J — Ks) cosdficients not already beenin Figure [B.1, the filter curves and synthetic spectra of a
calculated for our data in a model independent way). Here, \R& star are shown (produced using model atmospheres from
discuss these in more detail. Castelli & Kurucz 2004). Thd band widths are very similar, the

Appendix B: Extinction laws

Table 6 of_Schlegel et al. (1998) givég/Ay = 0.276 and
Ac/Ay = 0.112. ThereforeE(J — K) = 0.164 x Ay. These
Schlegel et al. values are fdHK for UKIRT's IRCAMS3, while

main diference being at about2l/ um where the VISTA trans-
mission dips while the UKIRT one rises. TKg passband curve
begins before th& passband, finishes before it and the over-
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Fig. A.2. Histograms of theJ — Ks) colour (top 3 rows, bin size 0f.01 mag) ands magnitude (bottom 3 rows, bin sized® mag)
across the field (regions in parentheses defined in Table ¥alye in top—right is the median. Overplotted in red is tbemalised
mean of regions 0-0 and 3-2.

all width is nearly identical. The extinction cfirients do vary resented by tha.s point, rather than taking into account the full
slightly with spectral type (van Loon etlal. 2003). This eate filter transmission curve. When comparing with the reswtrfr
is small in the NIR (0.004 mag from AO to M10 star in tde Sectioi3.BE(J-Ks) = 0.16237 Ay, we see this simplification
band). has had a rather smalffect on the conversion, finding 102% of

The A and central wavelength values are given in Tabfg'e used value and a maximutg difference of- —0.013 mag.

B.1l. The ratios tdAy are derived from th&, = 3.1 curve mean- Some of the dference between UKIRT and VISTA val-

ing the A,/Ay value is derived using equations 1, 2a and 20" ight be accounted for by how the; is calculated be-
n ICardeI]IJ el al‘. (1969); the results are shown in the righsn cause the VISTAles values were calculated using equation 3
column of Tabl¢ Bl of IFukugita et al.|(1996) (which was defined.in_Schneider.et al

Using the VISTA values the conversion becori€3—Ks) = [1983) and accounting for the Quanturnffi&iency curve while
0.1627x Ay, a difference of~ 0.01 mag with band-by-band dif- \Schlegel et &l. (1998) did not state how the UKIRF was cal-
ferences of~ 0.05 mag when comparing the two systems. A&ulated (only that it represents the point on the extinctiorve
drawback of this method is that it assumes the filter is welt rewith the same extinction as the full passband).
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Fig. B.1. Comparison of wavelength vsffieiency for the trans-
mission of UKIRT (IRCAM3) J and K filters (in grey) and
VISTA J andK; filters (in dashed black). Curves from JAC anc 20|
ESO, respectively. Synthetic spectra of a typical RC stagdh i

L Levealentenl
0 5 10 15 20

Table B.1.Extinction ratioA, /Ay for VISTA passbands. a 0 Y—1K nag 2 3 N/1000
Fig. C.1.Ksvs. (Y—Ks) CMD of LMC field 6_6 accompanied by
Passband Acenval (M)  Aer(um)  a(x) b(x)  A/Av_ cyan contours representing density and histogram¥ of K)
\\//Ig;r:k] %iii %iig 8-?2% _8-22% 8??38 (bin size 001 mag) andKs (bin size 005 mag). It can be seen
UKIRT® J 1950 1266 0.3926 03605 0.2764 that this field is largely made up of main sequence and RC.stars
UKIRT®K 2.200 2.215 0.1595 -0.1465 0.1123

with an intrinsic colour ofE(Y — Kg)o = 0.84 mag ande(Y —
) = 02711 x A the fornest we can probe &, — 428
@http://casu.ast.cam.ac.uk/surveys-projects/vista/techni®gi 1 AISIOGGE IO EE RC S&ection Is _Shown In F'm C3
® UKIRT IRCAM3 @[Schlegel et 41[(1998) Comparing with Figurg]9 we see the peak is at a slightly higher
Ay in the selection (due to greater foreground Galactic etitnc

probed). The percentage of stars relative to the pedk at 1
Appendix C: Using the Y band mag andAy = 2 mag is very similar in both histograms.

Figure[C1 shows a CMD oKs mag vs. ¥ — Kg). It is very
similar to theKs vs. (J — Ks) CMD seen in Figuré]3 with the
difference of an extended colour axis due to a larger wavelength
difference between the two bands. Focusing on the region of the
RC we overplotthe isochrones used in Sedfioh 3.5. This iwsho
in Figure[C.:2. We see that the older isochrones lie bluer than
the RC. This confirms, as expected, that ¥heand is more af-
fected by extinction towards the MCs thdnor K¢ are. When
applyingAy = 0.249 mag|(Schlegel et/al. 1998) as foreground
Galactic extinction theY — Kg) and @ — Ks) are in a consis-
tent position in the context of the contour levels (aroured36%
level). This shows that thé band, being closer to optical is more
affected by extinction which would be a boon for low extinc-
tion regions because the contrast between extinctionsdatmel
greater. However, for a high extinction region ffers no advan-
tage and has the disadvantage of stars being faintéitliran in
Ks. Colour—colour diagrams do not aid in selection of RC stars.
The RC selection box is defined like it is in Section] 3.3. For
(Y-Ko) the reddening vector is shallower (with a gradient &0
and the colour limits are.?5 < (Y — Kg) < 2 mag. Combined
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Fig. C.2. (Y — Kg) vs. Ks CMD with isochrone lines for the he-
lium burning sequence for the same two metallicities and age
ranges as Sectidn_3.5. Younger, more metal rich @og) =
9.0-9.4,Z = 0.0125) are in blue and the older, more metal poor
(log (t/yr) = 9.4 —-9.7,Z = 0.0033) are in red. Error bars rep-
resent error in LMC distance. Contours are plotted in magent
and green and have the same levels as in Figlure 4. The older
population can be seen to be at the 5% contour level.
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Fig. C.3. Histogram ofE(Y — K¢) (bottom) andA, (top) distri-
bution with bin size of M05 mag. Green is the region covering
50% of the sources centred on the median where darker blue
is lower than this and brighter red higher and purple exttgme
high.
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