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ABSTRACT

The VISTA Magellanic Cloud (VMC) survey is assembling a deepilti-epoch atlas off JKs photometry across the Magellanic
Clouds. Prior to the VMC survey only the brightest Magelta@ioud PNe (MCPNe) were accessible at near-infrared (NI&R)ea
lengths. It is now possible for the first time to assemble thi@ Nroperties of MCPNe and to identify contaminating nonePN
mimics which are best revealed at NIR wavelengths (e.g. éjlans and symbiotic stars). To maintain the unique sdiemtiche
that MCPNe occupy these contaminants must be removed. Hereomduct a VMC-led, multi-wavelength study of 102 objects
previously classified as PNe that are located within the $isstVMC tiles observed. We present images, photometrytdigives,
diagnostic colour-colour diagrams and spectral energyilligions used to analyse the entire sample. At least five R&Ve newly
resolved nebula morphologies, a task previously only piessvith theHST. A total 4567 (67%) of Reid & Parker (RP) catalogued
objects were reclassified as non-PNe, most of which weréddda the vicinity of 30 Doradus. This sample included 16dfigtars,

5 emission line stars, 19 HIl regions, 4 symbiotic star cdatdis and 1 young stellar object. We discuss possible melegfects
responsible for their inclusion in the RP catalogue and ttiyglications for binary central star surveys targeting LMISeR A total
of five new LMC symbiotic star candidates identified, comgaieeight previously known, underlines the important rble YMC
survey will have in advancing Magellanic symbiotic stardsés.

Key words. planetary nebulae: general - stars: AGB and post-AGB - lsasymbiotic - Magellanic Clouds

1. Introduction wavelength data, reducing and in some cases even elingnatin

The gaseous shells of Planetary Nebulae (PNe) shine foeh bwe dependence on more time-consuming Spectroscopy.

~10* yr after being ejected by low-intermediate mass stars dur- gqaplishing a verified population of bona-fide Magellanic
ing the asymptotic giant branch (AGB) phase. Most surveys fg,,,,q pNe (MCPNe) has added significance over Galactic PNe
PNe have so far focused on detecting their strongest [Ofll] aec4y5e of their location at a known distance. The neames la
Ha emission lines and they can be routinely detected in tRg; aqa1actic population of PNe are located in the LMC amd, u
Milky Way and the Magellanic Clouds (Parker etal. 2006; Shajyq the Galactic population, can be assembled to very high-c
2006; Stanghellini 2009; Parker & Frew 2011). As these linegoeness thanks to the low reddening and low inclinatiagien
are not unique to PNe, catalogues of PN candidates are bjll, yer Marel & Cioni 2001). This facilitates populationee
and entries often have an associated PN-likelihood infdrye - gy, gjes that would otherwise be unfeasible or fundamerivédl
available morphological, photometric and SpectroSCOmPEr-  5sa4 with Galactic PNe. Particularly dependent on the cetepl
ties. With the advent of modemn, large-scale, multi-wangth oo and reliability of the PN population is the [O I11] plaaey
surveys these candidate lists are being subjected t0 BIDBR 1 opyj4 luminosity function (PNLF) which was formuiatediiet
greater scrutiny than previously possible. As a result /lB- | mc (3acoby 1980, 1989). Ciardullo (2010) reviewed our cur-
vious PNe candidates can now be confidently reclassified @3 nderstanding of the PNLF whose bright-end dtiaots
one of many possible other objects or ‘mimics’ (Frew & Parkelq 5 standard candle distance indicator to distant galaiiese
2010). Classification is now becoming more routine and @R €, ¢ agpects of the PNLF that are poorly understood and sigidyi
fidently be performed with a siiciently large variety of multi- , getajl its constituent PNe for an entire population is ghhi

* Based on observations made with VISTA at Paranal Obsegvatdtiority (Ciardullo et al. 2010; Cioni et al. 2011). The atyil
under program ID 179.B-2003 and the Wide Field Imager of tex tO reliably identify MCPNe at the intermediate distance fod t
Planck-ESO 2.2m telescope at La Silla Observatory undegranos Magellanic Clouds will also provide essential training dref
066.B-0553, 68.C-0019(A) and 076.C-0888. more distant galaxies become similarly accessible withdar
** Research Fellow of the Alexander von Humboldt Foundation  telescopes (Parker & Shaw 2006). MCPNe may also play a crit-
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ical role in measuring the binary fraction of PNe (Shaw et arable 1.Tile location of objects in our sample.
2007c¢) to compare against Galactic estimates (Miszalshl.et

2009). If this is to be accomplished any binary non-PN cortam Tile (1) () (3)] Total
inants such as symbiotic stars must be removed first (see e.g. 42 2 0 0 2
Miszalski et al. 2009). Further applications of MCPNe are re 43 0 0 © 0
viewed by Shaw (2006) and Stanghellini (2009). 66 20 62 3| 85

Multi-wavelength analyses of PNe in the near-infrared (NIR 83 4 5 0 9
and mid-infrared (MIR) are particularly useful for assagsihe g—g 411 8 (1) i
veracity of PN candidates (e.g. Schmeja & Kimeswenger 2001; Tota 31674102

Cohen et al. 2007, 2011; Corradi et al. 2008). Hora et al.§200

commenced a NIR and MIR study of a subset of LMC PN@eferences. (1) Leisy et al. (1997); (2) Reid & Parker (2006b); (3)

but because previous NIR surveys were only deep enough to Eigszalski et al. (2011b).

tect the brightest PNe, their main focus was at MIR wavelesgt

where theSpitzerSurveying the Agents of a Galaxy’s Evolution ) )

(SAGE, Meixner et al. 2006) survey provides deep enough cc¥€ 31 objects from Leisy et al. (1997), 67 from RP2006b and 4

erage to detect faint PNe. The sample assessed by Hora eftlree bona-fide and one possible) from Miszalski et al. {B)1

(2008) consisted of mostly bright PNe found from a variety of/¢ have nominally added the emission line candidate LM2-39

surveys (Leisy et al. 1997) and did not include the significaf-indsay 1963) into the Leisy et al. (1997) sample since is wa

new discoveries from the dtselected Reid & Parker (RP) catalisted by RP2006b. . _

logue of 291 ‘true’, 54 ‘likely’ and 115 ‘possible’ PNe (Re& Tabl<_a[2 lists the names ar_1d coordinates of our entire sample

Parker 2006a, 2006b; hereafter RP2006a, RP2006b). along with the parent VMC tile number, the presence of ESO
The VISTA Magellanic Cloud (VMC) survélyis obtaining WF! observations (Sedf. 3.1), our new classifications (&g}

deepY JK; photometry of the Magellanic Clouds and Bridge and remarks based on analysis in subsequent sections.ighe or

sub-arcsecond resolution (Cioni et al. 2011). The VMC obsdtal RP2006b classifications are also given with some sligit-m

vations therefore fer a unique opportunity to refine the cataifications to incorporate the updated classifications in (P2

logued population of MCPNe in conjunction with comparabl&he 67 objects from RP2006b are made up of 21 ‘true’, 9 ‘likely

optical (Zaritsky et al. 2004) and MIR observations (Meixae and 37 ‘possible’ PNe, respectively. Five objects in ourjgiam

al. 2006). Six LMC tiles were observed during the first year dfamely RP218, RP256, RP698, RP833 and RP1923, were omit-

VMC operations and include a total of 102 objects catalogigedted from Table A2 of RP2010 without explanation, presumably

true, likely or possible PNe from Leisy et al. (1997), RP2p0eoecause they were deemed not to be PNe. Table 1 of RP2010 re-

and Miszalski et al. (2011b). In this first paper on PNe in th@assified RP641 and RP1933 as Hll regions which explairiis the

VMC survey we expand upon our first results summarised #psence from their Table A2. In these cases we have kept the

Cioni et al. (2011). original RP2006b_ 9Ia§S|f|cat|on in Taldlé 2. RP774 and RP775

sample selection from the available MCPNe catalogues.. Sedble’. No other classifications of our sample changed betwe

describes the multi-wavelength observations at our dapo RP2006b and RP2010.

Sect[4 presents lightcurves, spectral energy distribatamd di-

agnostic diagrams which summarise our new classificatibns o

the sample. Sedi] 5 describes the classifications of a subset

the sample in detail and Sett. 6 discusses the range of possib

selection &ects encountered during the study and the impact of

our new classifications on searches for binary central.stdes

conclude in Seckl7.

2. Previous reclassifications and sample selection

As the newest and least studied LMC PNe, the RP sample may
be more susceptible to containing a larger fraction of cmita
nating non-PNe than the Leisy et al. (1997) sample. The éxten
of contamination is not yet known as only a small fraction & R
objects have been asssesed for non-PNe members (Shaw, Reid &
Parker 2007a; Cohen et al. 2009; Van Loon et al. 2010; Woods et
al. 2011; Reid & Parker 2010, hereafter RP2010). When a non-
PN classification is made in these studies it is usually dane s
without the presentation of images and spectra, makingtit di
cult to independently judge the reliability of the classifions.
For this reason we incorporate objects in our sample evéeyf t
may have already been classified or reclassified as non-PNe.
Figure[1 shows the distribution of objects previously cata-
logued as PNe and the 6 LMC tiles observed during the first
year of VMC operations. Tablg 1 breaks down the distribution
of the 102 objects located within the VMC tiles. In total ther

1 httpy/star.herts.ac.ykmcionjvmg/
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Fig. 1. SHASSA Hr mosaic of the LMC (Gaustad et al. 2001) in a lambert azimwtjahl-area projection overlaid with catalogued
LMC PNe (Leisy et al. 1997, green symbols; RP2006b, red sysnbtiszalski et al. 2011b, light blue symbols).flrent symbols
correspond to true (circles), likely (squares) and posgithbts) PNe. VMC tiles observed in the first year of operatiare shown

in blue (see Cioni et al. 2011). Complementary survey faontprare also shown includind BVi photometry from Zaritsky et al.
(2004) in cyanSpitzerMIR photometry from Meixner et al. (2006) in orange (at g8r@) andl-band time-series photometry from
Udalski et al. (2008a, 2008b) in grey. Objects with ESO WHRiagh observations considered in this work are bounded tigwe
boxes (see Se¢i. 3.1).

The largest contribution to our sample comes from th& 6challenging and thorough training set with which to estibto-
tile which covers the 30 Doradus star-forming region. Otsi@gc  bust multi-wavelength classification criteria that may ppleed
this tile are located within a highly-variable emissiondiback- to other regions as the VMC survey progresses further.
ground that is subject to high levels of interstellar abSom
Identifying emission-line objects in this region is naliyanore .
diﬂicufl)t/ar?d it would not be dnexpected if glarger fragion @6 3. Observations
objects were not bona-fide PNe. This adds significant cateatdVle adopt a multi-wavelength approach to identify non-PNe
the results of our study, however thés@bjects also constitute aamongst our sample of 102 objects. A large fraction of the
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Table 2. Basic properties and classifications of the sample.

Name RP  Coords Tile WFI ID Prop. RPID RP Prop.
LM2-39 243 054014.82692849.1 66 Y Sy? H,R T b e Not PN
MG12 1897 050140.22664646.0 8 N PN H,S T e Ha only

MG13 - 050303.23-652302.7 9B N PN S - -

MG16 - 050605.176448495 9B N PN R? - -

MG17 - 050621.176437038 9B N PN S - -

MG18 - 050703.0/6543226 8 N PN R? - -

MG56 657 053144.966943074 6 N PN H,S? T e Ha only in Hil
MG60 658 053330.84690813.3 66 Y PN H,S T ¢ Ha only

MG65 659 053510.24693939.1 66 Y PN H,S T e s Hr only
MG68 267 053819.42685837.4 66 Y PN H,R,B,U T ¢ Ha only

MG73 214 054136.756927094 6 Y PN H,R T e poss bp
MG75 271 054215.37684856.7 66 YTt ND,PN H,S T s Ha only

MG76 215 054223.996953053 6 Y PN WH,S T c s star

MG77 272 054347.576838351 6 N PN H,R T e Ha only
MNC1 - 054246.80-6920300 6 Y PN H,R - -

MNC2 - 054243976935340 6 Y PN H,R - -

MNC3 - 054128.35694353.0 66 Y PN? H,R - -

MNC4 - 060059.26-6636153 8 N PN H,S - -

Mo30 662 053135.286692346.7 66 N PN H,S T e poss bp

Mo32 664 053205.356957266 66 N PN H,R T bc

Mo34 663 053513.947001195 6 N PN H,R T e bp

Mo36 179 053853.42695755.1 66 N PN H,S T e compact k
Mo37 152 053914.35700019.1 6 N PN H,S T e f strong Hr
Mo38 - 054032.26-684448.0 66 YTt PN H,S - -

Mo39 134 054241.0:700549.3 6 N PN H,R? T ¢ Ha only

Mo42 - 055514.66-665025.1 8 N PN R - -

Sal2? 650 053424.256934286 66 Y PN H,R T cin HIl region
SMP4 - 044321.887130089 42 N PN S - -

SMP6 - 044738.977228206 42 N PN S - -

SMP27 1894 050754.856657455 83 N PN HSDHR | T ¢ halo mainly N
SMP30 1552 050910.546653384 8 N PN H,S T cbp

SMP35 - 051049.96652930.7 93 N PN S - -

SMP77 646 053406.246926184 66 Y PN H,S T poss ds Poss PN
SMP78 647 053421.21685825.2 66 Y PN H,S T e~c poss ds
SMP82 648 053557.55695817.0 66 N PN H,S T ¢ compact
RP135 135 054237.74700436.7 6 N Em? WH,S,B T csp

RP142 142 053934.86700613.1 66 N FD?,NL H,R,B T e Ha only
RP143 143 053931.257006154 66 N ND,NL H,R,B T irreg b

RP162 162 054317.65695650.5 66 N PN H,S T cdss

RP163 163 054428.786954445 6 N FD,NL WH,R? P ¢ f Ha only diffuse
RP178 178 05402857695439.0 66 N NL WH?,R?B| T cp

RP180 180 053700.55695432.1 66 N PN WH,S L cds

RP182 182 053904.89695048.0 66 Y ND,DHII  DH,R,U L e diffuse Hr only
RP187 187 054236.036940239 6 Y ND,DHII  DH,R,U P irreg f difuse Hr only
RP188 188 054232.73694023.8 66 Y ND,DHII  DH,R,B,U | P irreg VLE hidden
RP198 198 054419.126924419 6 N Hil H,R,B,U P VLE c

RP202 202 054419.15691207.7 66 Y¥ FD,PN H,R,B T e Ha only
RP203 203 054417.366911015 66 YT¥ ND,DHII DH,R,U T e diffuse Hr only
RP218 218 053907.246935146 66 Y HIl H,R,B,U P ¢ b in HIl region VLE
RP219 219 053902.836935094 66 Y FS S P c p in Hil region
RP223 223 053826.226932516 66 Y FS S P cin Hll region
RP227 227 053746.826931559 66 Y LPV/EMm? WH,S P e in Hll region
RP228 228 053706.76692709.1 6 Y FS S P cfp

RP231 231 053649.57692356.1 66 Y FS S L e fin HIl region
RP232 232 053635.136922286 66 Y ND,DHII  DH,R,U L irreg f diffuse

ID PN (?): true (possible) PN; NL: neutral; NED: VMC non/faint-detection; FS: field star nodHemission; Em: field star with &lemission;
(D)HII: (diffuse) HII region; LPV: long period variable; Sy?: candidatmbiotic star.

Prop. H/WH/DH: significantweakdiffuse Hr emission; R: resolved nebula; S: stellaresolved; B: close to bright star; U: unusual morphology
atypical of PNe.

RP ID. T/L/P: TrugLikely/Possible PN.

RP Prop. b: bright; c: circlular; e: elliptical; f: faint; s: small;:pt. source; irreg: irregular; ds: double star; bp: bipokee RP2006b.

TWFI observations listed in Table 4. All others have WFI obagons taken from the ESO reduced data described in Midztisl. (2011b).
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Table 3.Basic properties and classifications of the sample (coatihu

Name RP  Coords Tile WFI ID Prop. RPID RP Prop.

RP234 234 053641.366922089 6 Y ND,DHII DH,R,U P epf

RP240 240 054055.566914100 66 Y FS S P ef

RP241 241 054020.70691301.5 66 Y FS S P ¢ sin HIl region
RP242 242 054008.65685826.8 66 Y LPV/HII H,R,B,U P cbsinHIl

RP246 246 053857.25693357.1 66 Y FS S P c in HIl region
RP247 247 053848.22693407.8 6 Y HIl DH,S P c sinHll region
RP250 250 054424.156916421 6 N HIl DH,RBU | P ¢ ds symb or PN star
RP251 251 054415.74691722.7 6 N HIl S P c b s halo VLE
RP254 254 054337.74692010.3 66 Y ND,DHII DH,RB,U | P c p difuse

RP256 256 053851.40694451.0 66 Y HIl H,R,B,U P c f halo VLE
RP259 259 053648.606926449 6 Y FS S P cs

RP264 264 054330.35692446.6 66 Y Sy? H,R P esfhronly VLE
RP265 265 053700.706921295 6 Y FD,PN H,R,B T ep

RP266 266 053727.85690855.6 66 Y HIl H,R,B,U P c in Hil region
RP268 268 053930.10685857.7 66 Y FS S P c dsin Hll region
RP277 277 054126.74684800.9 66 Y¢ Em WH,S P cfp

RP283 283 053748.27683954.5 66 Yt Em WH,S P cs

RP312 312 053619.996855379 66 Y FS S L ¢ b in HIl region
RP315 315 053613.27685619.5 66 Y LPV S P cin Hil region
RP641 641 053706.396947179 6 Y HIl H,R,B,U P eVLEp

RP691 691 053525.96695922.2 66 N NL S T poss c hidden
RP698 698 053330.52695227.0 6 Y HIl H,R,B,U L poss ds symbiotic-
RP700 700 053129.506950424 6 N ND,NL WH,B T e diffuse hidden
RP701 701 053057.44694900.7 66 N FD,NL H,R,B,U T e 3 stars kt only
RP748 748 053147.136945444 6 N NL WH,R T e Ha only

RP774 774 053239.696930495 66 Y Sy? H,S P ¢ s b some Hill
RP775 775 053244.266930059 66 Y HIl DH,RB,U | P ¢ b half hidden in HIl region
RP776 776 053239.246931539 66 Y Sy? H,S T c s pin HIl region
RP789 789 053235.5892542.1 66 Y PN H,R T ¢ s Hx only

RP790 790 053233.656924556 66 Y FS S L cs

RP791 791 053307.006929459 66 Y Em WH,S L c s fweak Hy
RP793 793 053441.40692630.7 66 Y LPV/Mira H,S T p Ha only

RP828 828 053340.29691251.2 66 Y FS S P ¢ b some HII
RP833 833 053105.786910415 6 N YSO WH,S,B P p VLE

RP883 883 053556.896900449 66 Y LPV/Sy? H,S P epb

RP896 896 053134.356852458 6 N PN H,R T ¢ b Ha only
RP907 907 053448.03684835.6 66 Yt PN H,S T ¢ b p in HIl region
RP908 908 053323.20683934.1 66 Y§ Em WH,S L cpsstarsNand S
RP913 913 053212.476839246 66 Yi Em WH,S P ¢ VLE s in HIl region
RP1018 1018 054055.06683954.0 66 Y7 FS S P ps

RP1037 1037 053725.0694800.1 66 Y PN H,R T ¢ s Hx only
RP1040 1040 053721.057004084 6 N ND,NL WH? T e f Ha only
RP1923 1923 050440.4%64949.2 8 N FS S P ¢ fading halo
RP1930 1930 045920.54664559.7 8 N FD?,NL WH? P e fs Hronly
RP1933 1933 050447.12%664030.8 8 N HIl H,R,B,U P e b large

RP1934 1934 050345.68663917.1 8 N PN WH,S? T e Ha only bp
RP1938 1938 050142.3%63556.9 8 N PN WH,R T c s fHe only

LMC tiles haveUBVi photometry from the Magellanic Cloud A larger number of PNe from the Leisy et al. (1997) sample
Photometric Survey (MCPS, Zaritsky et al. 2004) and MIRave been imaged and resolved with 8T that leaves little
SpitzerRAC and MIPS photometry from SAGE (Meixner et al.doubt to their PN nature. These include SMP4, SMP6, MG12,
2006). We also identify variable sources usiAgand time-series MG13, MG16, SMP27, SMP30, MG60, SMP78, SMP82 and
photometry from the OGLE-IIl microlensing survey (Udalski Mo36 (Shaw et al. 2001, 2006; Stanghellini et al. 2002, 2003)
al. 2008a, 2008b). Miszalski et al. (2009) first demonstréiie Leisy & Dennefeld (2006) published emission line intermsiti
power of this approach for removing strongly variable ndteP and chemical abundances for MG17, Mo42, Sal22 and all eight
such as symbiotic stars towards the Galactic Bulge. TheerespSMP objects in our sample.

tive survey footprints cover65% (MCPS)~50% (SAGE) and . . .
~30% (OGLE-III) of the total VMC tiled area (see Cioni et al, The following subsections describe the data used to perform

. multi-wavelength analysis. Appendik A describes thravde
2011). The region surveyed by RP2006a has complete cove? e .
in all surveys except OGLE-IIl where the N-E corner is not-co I91 of VMC and SAGE magnitudes and tabulates all the pho-

ered tometry. Note that magnitudes may include stellar or neboita
' tributions, or a combination of both. Appendik B presentdtimu
Additional observations may also be found in the literaturgvavelength images of the sample. Objects were identifietjusi
There isHST coverage of RP218, RP232, RP265 and RP26fder charts from Leisy et al. (1997) and RP2006b (kindly-pro
though only RP265 had a nebula detection (Shaw et al. 2007Rajled by W. Reid). Note that the large amount of data employed
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here will not necessarily be available for all other LMC PNeTable 4. Additional ESO WFI archival data.
especially in the outer most tiles. A key aim in our work is ta

characterise those PNe with the maximal amount of availableName  Filter Exp. Observed PiD FWHM
data, such that objects with only VMC data, or some combina- (s) (YY-MM-DD) (")
tion of MCPS, VMC or SAGE data, may be characterised basedG75 333%31 ﬁgg gigg; % g-gg
on that data alone with confidence. B o8 1200 01-12-08  (2) 104
Mo38 Halphd7 1200 01-12-07 2) 1.00
3.1. ESO WFI 30 Doradus imaging - MB 48531 1200 01-12-08  (2) 112
- Olll/8 1200 01-12-08 2) 1.08
In any study of PNe it helps to have narrow-band imaging withRP202  Halph& 1200 01-12-07 (2 0.96
sufficient depth and resolution to detect and resolve the mor- — gll?l %85/31 388 giggg g)) %é;
phologles of f§u_nt nebulae. The RP2006a survey data are adeR—P203 Halphey 1500 011207  (2) 111
guate for identification, but do not resolvecient morphologi-
\ Y >UIVE - MB 48531 1200 01-12-08  (2) 0.99
cal detail that can assist in the classification processuRately _ olll/8 1200 01-12-08  (2) 1.05
a high proportion of our sample located in thés@ile (4985  ppr77  Halphg 1200 01-12-07  (2) 0.89
objects) have deep, V, [O Ill] and Ha imaging taken with - MB 48531 1200 01-12-08 ) 1.04
the Wide Field Imager (WFI) of the ESO 2.2-m telescope un- _ oli/8 1200 01-12-08  (2) 1.07
der program ID 076.C-0848We refer the reader to Miszalski RP283  Halph& 360 00-10-18 (1) 1.52
et al. (2011b) for full details of the data products which &ov - MB 60421 300 00-10-18 (1) 1.89
an area of 63 63 arcmirf centred near 30 Doradus oo = - oli/s 480 00-10-18 (1) 1.64
05‘137‘[154751 832000= —692155"; see Flg[]].) RP907 Halph& 360 00-10-18 Q) 1.59
A search of the ESO archive found similar but unreduced MB 60421 300 00-10-18 (1) 1.94
, ) : - ol 480 00-10-18 (1) 1.61
WFI observations for a further 10 objects obtained under thegpgng Halph& 360 00-10-18 (1) 157
ESO programs 066.B-0553 and 68.C-0019(A). Tz{ﬁlg 4 lists _ MB 60421 300 00-10-18 (1) 200
the exposures taken with the HalphaOlll/8, MB (medium- _ olN/8 480 00-10-18 (1) 1.75
band) 60421 and MB 48%31 filters whose central wave- RpP913 Halpha 360 00-10-18 (1) 1.84
lengthgFWHMs are 658.8.4 nm, 502./8.0 nm, 604.21.0 nm - MB 60421 300 00-10-18 (1) 1.91
and 485.831.4 nm, respectively. An approximate WCS was ap- - ol/s 480 00-10-18 (1) 1.64
plied to the raw frames to allow for raw images to be extractedRP1018  Halph& 1200 01-12-07 (2 0.98
and stacked when appropriate. No other reduction stepsapere ~ — MB 48531 1200 01-12-08  (2) 0.99
plied to the data. - olll/8 1200 01-12-08 (2) 1.07

Notes. TESO Program IDs: (1) 066.B-0553; (2) 68.C-0019(A).
3.2. Magellanic Cloud Photometric Survey

Zaritsky et al. (2004) produced a catalogue of deep Johnsg tiles we have completéJ observations and a number of ad-
UBV and Gunn photometry for a large fraction of the LMC (seeditional Ks epochs whose completion status varies between tiles
Fig.[d). To extract the photometry for each object we ovdrlajsee Tab. 4 of Cioni et al. 2011). Thelg epochs increase the
the catalogue photometry on the VMC colour-composite imagg depth and provid& lightcurves over a period of at least 100
and selected entries corresponding to the VMC object jpwsiti days. In the respective tiles we have used data observediip to
Table[A.] lists the extracted magnitudes where the ‘Statols’ May 2010 that includedl additionalKs epochs (denotefi K N)
umn indicates no survey coverage (NC) or a non-detectior) (NBs follows:T K5 (4.3 and 42), TK6 (9.3), TK7 (8.3) andT K10
which occurs for objects too faint orftlise. As the images are(6_6 and 88). Average & depths for a single tile ané = 21.11
not available it is diicult to judge whether the magnitudes inmag,J = 2053 mag anKs = 19.22 mag (Tab. 7 of Cioni et
clude the central star (CSPN), the nebula, or both. A smaii-nua|, 2011). Artificial star tests on the stacked observatfonsll
ber of PNe have photometry that is likely to originate frora thtjles give the & depth asy = 2244 mag,J = 22.16 mag and
hot central star as judged by the faintness of the nebulatend kK, = 21.15 mag with a completeness level ©67% (Rubele
very blueU — B colour (Mo42, MG12, MG13 and MG77), pro-et al. in preparation). Small variations in the depth wilcoc
vided there is no strong [O II] contribution 0. Most of the |ocally depending on the position of objects within a tiledan
fainter PNe are expected to have evolved CSPN beyond the sifwding will also dfect the completeness. The calculation of

vey detection limits oV ~ 20 mag (e.g. Villaver, Stanghellini vMC magnitudes is described in Appendix A.
& Shaw 2007). In brighter PNe the stronger nebula contrimsti

occurinB andV which have the #ect of producing reddey — B

andB - V colours than expected for isolated CSPN. 3.4. SAGE
In the Milky Way SpitzerIRAC photometry and images are a
3.3. VMC valuable tool in the removal of non-PNe (Cohen et al. 2007,

2011) and are well suited to the detection of obscured RGB
We refer the reader to Cioni et al. (2011) for full details ohnd AGB stars. No similar LMC studies have been published,
the VMC data products and their reduction procedures. Thewever Hora et al. (2008) gave IRAC and MIPS photometry
strongest emission lines in the NIR for PNe include He | 1.083r non-RP LMC PNe measured from custom-reduced mosaics
uminY, Pagin J, while Ks contains Bry, multiple He | and that incorporated observations from both epochs of the SAGE
molecular B lines (Hora et al. 1999; Rudy et al. 2001). In thgurvey (Meixner et al. 2006). Here we have largely performed
our own aperture photometry following ti8pitzerscience cen-
2 httpy/archive.eso.oyarchivgady ADP/30_Doradus ter IRAC and MIPS instrument handbooks with the appropriate
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IRAC aperture corrections applied. This was necessaryuseca
the default catalogues are not optimised for extended ssurcy
though in some cases we adopted catalogue magnitudes for
brightest objects. Brighter objects in our sample overlajh w
Hora et al. (2008) which serves as an independent check of 3|
our procedure and fills in some gaps in their photometry Whe% é
detections in some bands were sometimes absent. Data preds|
ucts used were from the SAGE data release 3 including IRAC
0.6”/pixel mosaics (version 2.1), E12 MIPS24 mosaics and less
often theSAGELMCcatalogIRAC andSAGELMCcatalogMIPS24 &
catalogues. Image cutouts were extracted for each objett an
averaged when objects were included in more than one mo-
saic sub-frame. Only SMP4 and SMP6 were located outside the
SAGE survey (Figil). The calculation of SAGE magnitudes is =1 ; Sy
described in AppendixA. C| o NN
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3.5. OGLE-IIl I-band and VMC Kg lightcurves

RP793

Large-scale photometric monitoring surveyeo a powerful
means to identify symbiotic stars which are commonly mistak
for PNe (Miszalski et al. 2009). Their high level of variatyil
makes them particularly conspicuous in IR and NIR lightesrv £
(Mikotajewska 2001; Gromadzki et al. 2009). We employed a ‘ ‘ ‘ C , L

similar procedure to that described by Miszalski et al. @00 200 2500 000 el 4000 4500 -1 05 0 05 1

to extract OGLE-IIII-band lightcurves for our sample that had

survey coverage (Udalski et al. 2008a, 2008b; see[Fig. 1) and _ o ) .

to search for periodic variability. Objects located oussid the Fig. 2. OGLE-III 1-band lightcurves of periodic variables in our
OGLE-IIl survey footprint are MG13, MG16, MG17, MG18,5ample.

Mo42, SMP4, SMP6, SMP35, RP1923 and RP1933. VKIC

lightcurves are more suited to probing variability of ob®tl Taple 5.VMC K; lightcurve variability statistics fotring/oexp >
symbiotic systems which contain RGB or AGB stars interacs (Cross et al. 2009).

ing with a white dwarf companion. In some symbiotic stars

883

17 168 166 18 17 16
T T T T

¥t

strong intrinsic reddening created by dust means that hifria . ,

ity may only be seen in the NIR out of the reach of OGLE-III 22227 l\ég Klselog ke 0"8_0500'”5/.(;%%
(e.g. Mikotajewska et al. 1999). The sampling of the VNG RP264 14 12.87 0.009 0.024 2.539
lightcurves is not suitable for measuring periods, butalzlity RP774 31 1439 0.011 0.074 6.900
with amplitudes larger than expected for a star of a given-mag RP776 31 1482 0.012 0.035 2.978
nitude can be detected thanks to the scheme developed by Cros RP793 11 1177 0.009 0.145 16.091
et al. (2009) that is implemented in the VSA archive. RP883 31 12.90 0.009 0.053 5.664
4. Results

sourcegin, is also calulated and used to form the ratiQ/oexp
which is a measure of the standard deviation above the noise
Photometric variability, in combination with corroboragi for a given magnitude. A chi-squared statistic is also datedl
imaging and photometry, is a particularly strong constrain which is used to determine the probability that a sourceis va
the classification of variable stars in our sample. Overal vable, p, and all objects in Tall.]5 have = 100%. Objects are
found six periodic variables from OGLE-III (Fi@l 2). RP227ca considered to be variable if > 96% andoint/oexp > 3. The ac-
RP793 were previously catalogued by Soszynski et al. (R0G8al cutdt used to flag variables fromin/oexp may be slightly
as an OGLE small amplitude red giant and a Mira, respectivelgwer or higher depending on how the noise model is built from
None of the six periodic variables are bona-fide centralstafr the data and this strategy will be refined as the VMC survey
PNe (see Tab 2 and Se¢il 5). Only the HIl regions RP242 apdogresses (N. Cross, private communication). For thisaiea
RP247, and the symbiotic star candidate RP883, are asstciate have also included two objects witt/oexp > 2.5 as vari-
with Ha emission. Sectidn 6.2 will discuss the influence of thesbles, both of which are OGLE-III variables. Some other cigje
results upon the search for binary central stars in the LMC. of interest may also be variable but have lower, less signific
Table [5 lists six variables found to have variathe oint/oexp values of 2.08 (LM2-39 and Mo42) and 2.24 (MNC4).
lightcurves which are shown in Figl 3. We have averaged tie expected the largests amplitude of 0.4 mag belongs to the
nightly data using a weighted mean and used the standard Bira RP793 (note there is no evidence to say it is a symbiotic
viation of magnitudes on each night as the error. Each objesgistem, see Seéll 5). In the eclipsing RP247 an eclipse $eems
has 11-31 good observations for which variability statistiere be responsible for the variability detection, though timaitizd
calculated (Cross et al. 2009). Each medigmagnitudeKs, amount of data suggests this conclusion should be taken with
has an associated level of expected rms variability for a& nozaution. In RP264, RP774, RP776 and RP883 we attribute the
variable point sourcerex,, based on a noise model fitted to thevariability to a combination of stellar and dust varialyilit these
VMC survey data. A measure of the intrinsic variability obth symbiotic star candidates.

4.1. Photometric variability
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Fig. 3.VMC K; lightcurves of the variables in TdH. 5. Observations takethe same night were combined using a weighted mean.

Figure[4 shows additional OGLE-III lightcurves for parmneutral (NL). This mostly arises when detections are eitreak
ticular objects of interest or non-periodic variables. Fofi or absent in the VMC data. We have refrained from identifying
these, LM2-39, RP264, RP774 and RP776, are probable sysome dffuse cases when the source in question cannot be a PN,
biotic stars, two of which have resolvedvthebulae, for which i.e. it is diffuse background HIl emission, even though unrelated
the variability is small or even negligible in theband (e.g. stars may appear superposed on tHeude nebula (e.g. RP232
Mikotajewska et al. 1999). Of these four, only RP264 hasisignand RP234; see Sei. 5). Objects withr Eimission as well as
icantl-band variability for its magnitude (in an average magna significant continuum contribution are classified as eimiss
tude vso plot). RP774 appears to show semi-regular variatiotiae stars.
in the I-band which suggests an RGB star, while LM2-39 and
RP776 may show slow variations. To gain a clear overview of all classifications it is most

instructive to look at the spectral energy distributionE[S)

which are shown in Fid.]5. Unlike Hora et al. (2008) which fo-
4.2. Classification scheme and spectral energy distributions  cused on the brightest PNe only in the NIR and MIR, we are able

to present the full SED frord to 24um for most of our sample.
The new classifications given in Tab. 2 are based on all thie avéNo dereddening has been applied to the magnitudes befare the
able evidence as discussed in SEct. 5. Where there ifiizient fluxes were calculated using zeropoints from Bessell (18319)
evidence to reclassify an object we have set our classicad  UBV, Fouqué et al. (2000) far, the Cambridge Astronomical
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Fig. 4. OGLE-III I-band lightcurves for a sample of non-periodic variables.

Survey Unit (CASU) measured Vega to AB conversibfr  lines in Fig[® which is defined by.®#< J - K< 25[Y - J <
Y JKs, and those in Sedi_A.2 for MIR bands. The VMC con®.15]andJ-Kg > 2.05(Y-J-0.17)+0.45[0.15< Y-J < 0.56,
versions were derived by CASU following Hewett et al. (2006) — Kg < 2.5]. A small number of PNe with either hot dust (e.g.
and assume theftect of the atmospheric transmission profile 0oMG68) or perhaps stronger Paebular emission (e.g. MNC1
them is very small. and Mo37) have reddef — J colours. Also shown in Fid.16 are
Figure[B is split into six panels grouping objects accordirggmi-regular and Mira variables (Soszyhski et al. 20089, a
to our classifications and two panels contrasting mediansSE@presentative sample of extended galaxies selected frefi&
normalised toF; = 104 Jy with 1o error bars. PNe have atile with PetrosiarKs < 17 mag. The data show PNe are quite
generalJ-shaped SED that is due to a large variety dfetent well separated from the majority of other sources in the $ield
emission and continuum components. In the optical the mebuBymbiotic star candidates have much reddlerKs colours per
and central star continuum dominates with a strong corttdbu Y — J colour than PNe, while RP793 lies in the typical colour
from [O Ill] nebula emission aV (see Sec{_312). Hot dust isspace expected for non-symbiotic Miras.
probed by VMC and SAGE IRAC observations, but these wave- The VMC ant diagram alone appears to be a very useful tool
lengths are also influenced by atomic and molecular emissirisolate most PNe. Additional wavelengths can furtherimmp
lines which dominate the SED in fainter PNe. Cool dust is alshe isolation of PNe. In thel — B vs J — K plane many PNe fall
commonly found in PNe and detected ati#d by SAGE MIPS  within a fairly isolated patch defined by®< J - K¢ < 2.3 and
observations. HIl regions have much cooler ionisinggGtars -2 < U — B < -0.7 (Fig.[). An HIl region falls within this
which dominate optical and NIR wavelengths producing a sirpatch (RP1933) but morphology should allow these to beyeasil
ilar median SED to the field stars. These stars are genematlly itlentified. Similar congregations of bona-fide PNe can akso b
sufficient to produce the hot dust as seen in PNe which leavesind in a combination of various VMC and SAGE magnitudes
only cool dust dominating the MIR SED at 24n. The final two and colours (Figd.]7 arid 8). The depth provided by the VMC
panels contrast HIl regions against PNe and field stars. Motesurvey allows reddet—[8.0] andKs—-[8.0] colours to be probed
particular the significant gap between HIl regions and PNRken than previously possible and earlier predictions of Horalet
MIR. We also show the periodic variables of Hig. 2 (excludin(008) are largely verified to thisfect. Note the larg&s and
HIl regions RP242 and RP247) together with suspected symMiR luminosities of the symbiotic star candidates whichnfior
otic stars and the YSO candidate RP833. These sources are gewell separated group from most PNe. MNC4 and other PNe
erally much redder than others in the sample with hot dust anith hot dust may also fall into this area. We found the[4.5]
high circumstellar reddening that suppresses the SED &iabptcolour to give the cleanest separation between HIl regidns (
wavelengths. The field stars form quite a homogeneous g®ug45] < 2), PNe (25 J - [4.5] £ 4.5) and the obscured RGB or
none have 24m detections, while emission line stars are similahGB stars of symbiotic stars and Mirad {[4.5] 2 5).
with many being late-type.

4.3. Diagnostic diagrams 5. Notes on individual objects

With the wealth of optical, NIR and MIR magnitudes available LM2-39.— RP2006b remarked this object as a late-type star.
we focus here on diagnostic colour-colour diagrams whicdt béhe resolved it nebula, NIR and MIR colours, and sldwband
isolate PNe from non-PNe. Figuré 6 shows PNe in the VM@ariations all suggest LM2-39 to be a strong symbiotic séar-c
colour-colour plane or ‘ant diagram’ (see Fig. 9 of Cioni bt adidate.

2011). PNe mostly lie within a region demarcated by red dotte  \G13.— We suspect our VMC magnitudes mostly reflect
the CSPN. The knot immediately to NW may be resolved nebula
emission from the enhanced rim of diameter 1.&fentified by

3 httpy/casu.ast.cam.ac.(skirveys-projecisistgtechnicaffilter-set
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Stanghellini et al. (2003). We measure a diameter of’1t8at of a very low metallicity (e.g. Jacoby et al. 2002). Furtherm
is consistent with this value within a VMC pixel. RP242 is placed amongst objects lacking hot dust (stars #nd H
MG16.— There is a hint of extended emission in the VMQGegions) in the diagnostic colour-colour planes. All ouidewnce
images as two lobes towards the NE and E. These could be paints to an HIl region with a central ionising/®binary with
tensions of the faint bipolar lobes detected by Shaw et @802 P = 20083 days (Fig[R). In this sense RP242 seems to be a
or alternatively they could be evidence of ISM interaction.  longer period version of RP247 (see below). Spectroscopy of
MG68.— The WFI images reveal a highly asymmetric nelthe central stars is required to check our classificatiomdéed
ula that is shaped by strong ISM interaction from the SE (e.ghot post-AGB star were found to be present, then RP242 would
Wareing et al. 2007). The [O Ill] emission is concentrated tdost the first binary central star discovered in the LMC.
wards the SE suggesting the presence of a bow-shock, while H RP247— The OGLE-III lightcurve reveals an eclipsing bi-
emission appears separated into multiple tails beforego@n nary with P = 2.133 days and minima with similar depths indi-
scured behind a nearby dark cloud. The high spatial vanatio cating similarTe; components. Our main reason for reclassify-
[O 1] emission may explain the anomalous [O ] flux pub-ing RP247 is the extremely weakdémission in the WFIl image
lished by RP2010 and revised by Miszalski et al. (2011b).  compared to even other Hll regions in our sample (e.g. RP254)
Mo42, MG73 and RP202— These are all bipolar PNe Furthermore, the similar colours to RP242 and the SED with a
whose nebulae are resolved for the first time. The VMC ima@e um detection point to a weak Stromgren sphere surrounding
of Mo42 reveals a central star that is brightes¥iand an inner a close @B binary.

bipolar nebula with point-symmetric extensions that relsiem RP254 RP266 RP641andRP698— The VMC and SAGE
those in SMP10 (Shaw et al. 2001). In MG73 the WFI imagefata clearly reveal the dusty environment of these Hil negjio
resolve the bipolar nebula, while the VMK filament detected 5oszynski et al. (2009) found an unrelated semi-reguldabie
traces the inner torus aligned with 88-5'. The brightest part .7 NE of the RP2006b position for RP698 which has a period
of RP202 is a ‘waist’ oriented at PAIS® and thin extensions of 97.02 days. RP698 itself measures0” across as an elon-
extend either side along PA°. RP2006b suspected MG73 wagjated enhancement of a larger region of nebulosity visibtaé
bipolar based on their unpublished spectroscopy (see fiepe \IR.

in Tab[2). The morphology of Mo42 is consistent with the Type RP264— An elliptical Ha nebula measuring 1/%3.9” ap-

| (Peimbert & Torres-Peimbert 1983) chemi<_:a| abundances [ﬁ)éars in the WEI da?ta. The very réd- Ks = 322 .colc.)ur aFr)1d
He/H=11.21 and MO=+0.34 measured by Leisy & Dennefel ery high MIR luminosity points to an obscured AGB star for

(2006). which we detect significant variability in the OGLE-Iltband

SMP27.— Shaw et al. (2001) descrilt¢ST observations of g%f:curve (Fig.[) and the VMK lightcurve (Fig.[B). The

this PN which shows an inner compact nebula (the PN propehmpination of nebula and obscured AGB star make RP264 an
surrounded by an extended arc of emission. Here we have o

measured magnitudes for the compact nebula. The arc was late ellent symbiotic star candidate.
confirmed to be an asymmetric shell that extends around the RP265— Is a resolved bipolar nebula in thexHWF1 im-

compact nebula from & (RP2006a) and MIR observations29€s that is also seen in broadbdiT observations (Shaw et

: al. 2007a). Only a weak detection was found in the VMC images
Cohen et al. 2009). We can now add a NKR detection to . :
Ehe list which subter)1ds a diameter of 1“5(6.7"150 across at 49 and severe croyvdlng meant no attempt was made to measure in-
kpc). The shell is often mentioned in the context of AGB haloéegrated magnitudes. The WFI images did not detect any [O

: : emission, but this is not entirely unexpected for bipolaePN
(Corradi et al. 2003), extremely faint outer nebulae credtge !
previous mass-loss episodes on the AGB. However, this-inter RP277,RP283, RP791, RP908 and RP913 All these ob-

pretation is inconsistent with the atypically large diaemeind JECtS appear to be emission line stars. A strong continuum co

high surface brightness of the shell whose piahintensity is Ponent is found in the NIR alongside a small to moderate H
0.14 that of the inner nebula (most haloes are®2004 times €XCess in WFl images.

fainter than their inner nebulae). Instead, the shell istrikely RP691— This may be a case of superposition with the pur-
just ionised ISM as appears to be the case for NGC 3242 d@rted PN lying just North of the star identified in Fig. B.11
NGC 6751 (Corradi et al. 2003). (Reid & Parker, private communication). No detection in the

SMP30— The Zaritsky et al. (2004)magnitude of 1425+  NIR or MIR of such a PN was found, SO we leave the_ classi-
0.013 is erroneously bright and was removed from TabIe A.1. fication of RP691 as neutral. The magnitudes of the bright sta
RP135— The NIR and MIR colours of this object suggesfre recorded for reference.
a non-PN classification, perhaps an emission line star ittise RP701— A diffuse nebula is detected in the VMC images
indeed weak k4 emission. but severe crowding precludes measurement of its propertie
RP203— The WFI images reveal the RP2006b identifica- RP774 and RP776— Both RP774 and RP776 are cata-
tion to be a knot of dfuse HIIl. Without a NIR or MIR counter- logued as ‘True’ PNe by RP2006b and Woods et al. (2011) clas-
part it is dificult to classify this object as a PN. sified RP774 as a YSO. They appear to have significant nebular
RP232 and RP234— The WFI images reveal an ionisationHa emission in the WFI images and the NIR and MIR proper-
structure in RP232 opposite to that expected for a PN with Hies of both objects suggest either an obscured RGB (orlpgssi
in the centre surrounded by [O Ill]. Both nebulae are part &GB) star or the presence of hot dust. It idhdiult to accept
extensive background emission in the vicinity of 30 Doraduthe latter explanation given the significaty variability, unless
Superposed stars near the centre of the purported nebw@aetlais variability was attributed to line-of-sight dust obsation
therefore unrelated and in lower resolution imaging mayehaevents. This is however unlikely since these events aremdly
unduly amplified any apparentdxcess. rare in PNe and we would have expected to see more dramatic
RP242— There is no intrinsic [O Ill] emission detected inl-band variability if this were the case (Miszalski et al. 2a}.
the WFI image contrary to the spectrum published by RP2008he OGLE-III lightcurve of RP774 in Fid.]4 appears to show
which has [O 11l A5007Ha = 0.20. This greatly reduces thelow-amplitude semi-regular variability on the order-040-80
chance that this object is a PN, but it could also be symptematiays and this could be attributed to an RGB star.
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Table 6. Objects reclassified as non-PNe from the RP2006b cétllowup whose sky subtraction is generally less accurase t

alogue. longslit spectroscopy. The variable spectrograph pginéad
function of 2dF prior to the AAOmega spectrograph upgrade
Object Type True Likely Possible (Sharp et al. 2006) and use of orh40 sky fibres over the
HIl regions - 1 11 large 2.1 degree field-of-view (RP2010), may have indeed re-
Diftuse HII 1 2 4 sulted in residual emission lines being mistaken for geauin
Field stars 1 3 12 emission. This could explain the inclusion of some field star
Emission line stars - 2 3 such as RP1018 for which we cannot identify any &mission
\S(é'gb'ouc stars _1 h 13 in the WFI images. Although this does not seem widespread as
Reclassiiofotal 321 5o 3737 we were able to calibrate the ESO WFI [O 1l1] i_mages_ based
Percentage 14% 89% 92% on spectroscopic [O Ill] fluxes from RP2010 (Miszalski et al.

2011Db). In a few cases intrinsic variability (e.g. RP3123RP)
may also have given the false appearance®@grhission in the

RP775— van Loon et al. (2010) classified RP775 as a pog{P_ survey r_naterigl. However, not all fie_ld_stars could be ex-
sible HIl region. With the high resolution of the WFI datavanc Plained in this fashion as many have negligibly small OGLE-|
see the ionised front powered by an embedded massive objedtand variability.

This leaves no doubt that RP775 is an HIl region. o ]

RP793— The very large 0.4 maljs amplitude in the VMC Perhaps the largest contributing factor towards the high co
lightcurve supports the C-rich Mira classification madelie t tamination fraction is the lower resolution of the RP surviye
LPV catalogue of Soszynski et al. (2009). We have replacet t increased resolution and depth of the multi-wavelength dee-
andV magnitudes in Talb.Al1 with the average OGLE-II valuegented here have resolved some cases of superpositioresietw
of | = 17.63 andV = 2165 mag (Soszynski et al. 2009). Thedield stars and diuse background Hil (e.g. RP232, RP234) and
very red optical colours in Tab.A.1 and the extremely weak Hhave been partlcg!arly helpful in identifying smaller Héigions.
source in the WFI image essentially rule out the presence of\§tual superpositions may also occur between bona-fide PNe
symbiotic nebula in RP793. and field stars, synonymous with our emission line star elass

RP833— There is no OGLE-III-band detection of this ob- fication, but should be rare based on the rarity of real super-
ject indicating a very high level of obscuration. It is mdkely —Positions in the Galactic Bulge PN sample (Miszalski etial. i
a YSO based on its NIR colours, the presence of other sirRieparation).
lar condensations directly to the North and South and théydus
MIR HII environment.

RP883— As for RP774 and RP776, RP883 appears to hage, Implications for binary central star surveys
a strong nebular component in the optical combined with NIR
and MIR colours typical of an obscured RGB or AGB star. We
found a period of 176.49 days from the OGLE-III lightcurve afThere has been some interest in searching for binary cestéral
ter fitting and subtracting the general decline. The sigaifi&s  in the LMC population (Shaw et al. 2007c; Shaw, Rest & Damke
variability in the VMC lightcurve further supports a claésa- 2009). Miszalski et al. (2009) used OGLE-IIl to more than dou
tion as a candidate symbiotic star with the measured peyiod ble the known Galactic population of close binary CSPN but to
ing at the lower range for symbiotic stars (Mikotajewska 200 date no such binaries have been found in the LMC. LMC PNe
Gromadzki et al. 2009). offer a potentially very useful platform to measure the binary

RP1933— Discussed by van Loon et al. (2010) and alseentral star fraction for a large population, but the exedaint-
reclassified by RP2010, the bright extended emission gleariess of LMC CSPN are a major obstacle to this task (Villaver et
points to an HIl region powered by a very hot central sour@. 2007). A major repercussion of our multi-wavelengthlgna
(U -B=-1.99). sis is that unless an LMC PN can be shown to be a bona-fide PN,

then any claims of variability, even if periodic, cannot sed

) ) to claim a binary central star. An interesting example is &P2
6. Discussion whose orbital period of 2.13 days (FIg. 2) is not entirelydne
sistent with the observed Galactic period distributiongailski
et al. 2009, 2011c), however the weak trace of émission is
Table[6 summarises the 45 objects we have reclassified as noatfficient for a PN classification of this HIl region.
PNe from 3 ‘true’, 8 ‘likely’ and 34 ‘possible’ PNe classified
by RP2006b. Apart from the symbiotic star candidates we have There is also a danger that field stars are mistaken for sec-
not added to Tali.]6 any objects with uncertain classificatioandary star companions. Shaw et al. (2009) found a largepprop
(those with “?” in Tab[R). Periodic variables were included tion of ‘PNe’ with NIR colours of giants. Even though therear
the table as field stars except for when they are surroundeddnly a few Galactic PNe with bona-fide luminous companions
HIl regions (e.g. RP242). Out of the non-RP sample only LMZe.g. Tab. 4 of De Marco 2009), the fraction claimed by Shaw et
39 was reclassified as a symbiotic star candidate. al. (2009) is anomalously high and readily explained by figé h

The contamination fraction of 467 objects or 67% is rather numbers of field stars and emission line stars revealed & thi
high. Field stars and non4flise HIl regions make up the bulkwork. Many of these stars will have slowly-variable lightees
of the contaminants, most of which were designated as pogsi-g. RP312 and RP913 in Fid. 4) and periodic lightcurvesiof a
ble PNe by RP2006b. Figufé 1 shows that most of the RP dadxtremely large variety (e.g. Kiss & Bedding 2003). Inspett
jects classified as possible PNe are located around 30 Darad lightcurves in the remaining RP2006b catalogue not aealy
This suggests that the strong emission-line backgrounti tin this work has revealed additional examples of variabdiie
area played a large part in their inclusion in the RP survlg Tto field star contaminants. As yet we have not found any genuin
dominant background complicates multi-object spectrp&co periodic variability that can be ascribed to a binary CSPN.

6.1. Reclassifications and selection effects

15



B. Miszalski et al.: The VMC Survey

7. Conclusions maintaining this new facility. The VISTA Data Flow Systemneprising the
VISTA pipeline at CASU and the VISTA Science Archive at WFAEshbeen

We have presented multi-wavelength data for a sample of 18dcial in providing us with calibrated data products fasthaper, and is sup-

objects previously classified as PNe that were observedglurported by the UK Science and Technology Facilities Couitie OGLE project

he fir r of the VM rvev. Th ix LM il n i_has receiyed funding from the European Research Councérithé European
the first year of the C survey €s C tiles const Community’s Seventh Framework Programme (f2P07-2013)/ ERC grant

tgtlng the first VMC observations sample a range of LMC erzal'greement no. 246678. This research has made use of SAODE&@edevel-
vironments, but our results are dominated by thé #le cen- gped by Smithsonian Astrophysical Observatory.
tred on 30 Doradus. This complex region serves as an extellen
training ground for developing multi-wavelength criteiganax-
imise the exploitation of the VMC survey for PNe studies amd tReferences
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Appendix A: Photometry et al. (2008) and more realistically reflect the inherefiialilty
in selecting optimal object and sky apertures under sonastim
A.l. VMC very challenging circumstances. This is particularly tate3.0

The mixture of stellar and extended sources in our sampig) Where difuse PAH emission in the field creates a highly vari-
required diferent approaches to obtaining their magnitudedble background. An excellent example is Mo38 which has neg-
As a first step we created a stacked image per wavebdi§dPle background at shorter wavelengths. If our sky aperts
(0.339'/pixel) for each object by averaging individual paw-prinplaced in a background minimum SE of the PN we reproduce
observations (Irwin et al. 2004). As described above, tiptde [8-0]=12.9 mag of Hora et al. (2008). However, a placement im-
in these images is uniform across all tiles with some smaihva Mediately West of the PN on a similar background level as the
tion. The catalogue photometry hosted by the VISTA Scien&dN results in [8.0+13.7 mag — a dierence of 0.8 mag! In the
Archive (VSA) is adopted when theergedClass flag indi- Case of_a few bright objects we used the catalogued magsitude
cates a stellar or probably stellar object. In these ingsmee and their errors. Very extended HIl regions were not meaksure
adopt the catalogued magnitudes calculated with a smatt ape
ture of diameter 2/0 (AperMag3) which is corrected for flux
outside the aperture assuming a stellar profile. This is@appr
priate for compact, unresolved PNe and of course for stars. F
some extended objects we can make use of uncorrected magni-
tudes (NoAperCorr) calculated using apertures of dian&@¥r
(AperMag3), 2.8(AperMag4) or 5.7 (AperMag6), where the
aperture is visually selected to enclose the most object Tlha
VSA magnitudes are based on the previously mentioned Iével o
TKN completeness.

When catalogue magnitudes were not available for fainter
extended sources we have performed our own aperture photom-
etry on our stacked image cutouts. A specially developegiplu
for ps9 (Joye & Mandel 2003) served as a wrapper for k@
funtools programunents] which calculates the total number of
counts within a givems9 region (e.g. a circle). A circular aper-
ture of maximal radius is chosen for each object along witf mu
tiple nearby sky apertures of the same radius. The magmitude
were then calculated using:

m = NZP - 2.5l0g,,[(O - S)/T] (A1)

whereS is the average of the total sky counts in all sky apertures,
O is the total counts in the object apertufeis the normalised
exposure time (5 s foKg, 10 s forJd and 20 s forY) and NZP

is the nightly photometric zeropoint. We assignedraetror of

0.20 mag based on the comparison between our measurements
and the catalogued photometry. As no errors were given by the
VSA for NoAperCorr magnitudes we also assigned them these
errors. Some fields were too crowded for aperture photometry
and we have remarked in Tab. 2 where this occurred. In one case
an elliptical aperture seemed most suitable (RP789). Ndwaee
corrections were applied to our aperture photometry.

A.2. SAGE

To perform the aperture photometry we developed a sim#i@ar
plugin as for the VMC aperture photometry that would allow
for the dficient calculation of all magnitudes per object once
the IRAC and MIPS images were loaded alongside the VMC
colour-composite image for guidance. The total number gf sk
subtracted counts per object were converted to Jy followheg
instrument handbooks and converted to magnitudes using the
zeropoints given in the accompanying SAGE data release-docu
mentation, i.e. 280.9,179.7,115.0, 64.13 and 7.14 Jy #0818,
4.5,5.8, 8.0 and 24 6m bands, respectively. Taljle A.5 contains
the measured magnitudes for which we have assigneerfors

of 0.25, 0.25, 0.30, 0.35 and 0.40 mag, respectively, based o
comparison with Hora et al. (2008) and catalogue magnitudes
These errors are larger than the 0.1-0.2 mag estimated ky Hor

4 httpy/hea-www.harvard.edRD/funtoolgds9.html
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Table A.1. Optical magnitudes from Zaritsky et al. (2004).

Name ID Status U Ue B Be V Ve i ie U-B B-V V—i
LM2-39 Sy? - 16.64 0.04 17.11 0.04 16.76 0.04 16.03 0.040.47 0.35 0.72
MG12 PN - 19.09 0.15 20.90 0.10 19.78 0.08 21.05 0.221.81 1.11 -1.27
MG13 PN - 18.11 0.16 19.67 0.11 18.75 0.04 20.04 0.131.56 0.92 -1.28
MG16 PN NC - - - - - - - - - - -
MG17 PN NC - - - - - - - - - - -
MG18 PN - 20.18 0.18 20.65 0.14 20.32 0.09 - - -0.47 0.32 -
MG56 PN - 19.11 0.17 1950 0.19 19.09 0.08 18.97 0.120.40 0.41 0.12
MG60 PN - 19.07 0.10 20.12 0.07 19.41 0.05 19.78 0.091.05 0.72 -0.37
MG65 PN - 18.98 0.09 18.96 0.07 18.40 0.07 19.10 0.12 0.02 0.58.70
MG68 PN - 17.62 0.13 19.07 0.10 18.44 0.08 19.41 0.161.45 0.63 -0.97
MG73 PN - - - 21.62 0.16 2057 0.18 - - - 1.05 -
MG75 ND,PN ND - - - - - - - - - - -
MG76 PN - 16.84 0.11 17.76 0.04 17.69 0.05 18.08 0.120.92 0.07 -0.39
MG77 PN - 19.13 0.14 20.68 0.16 20.10 0.12 - - -1.56 0.58 -
MNC1 PN ND - - - - - - - - - - -
MNC2 PN ND - - - - - - - - - - -
MNC3 PN? ND - - - - - - - - - - -
MNC4 PN - 16.13 0.37 17.05 0.02 17.03 0.03 16.85 0.040.92 0.02 0.18
Mo30 PN - 16.93 0.04 17.62 0.05 1755 0.13 17.98 0.060.69 0.07 -0.43
Mo32 PN ND - - - - - - - - - - -
Mo34 PN ND - - - - - - - - - - -
Mo36 PN - 18.82 0.11 20.62 0.16 18.96 0.16 - - -1.80 1.66 -
Mo37 PN - 19.21 0.10 20.59 0.07 19.71 0.05 20.43 0.191.39 0.88 -0.72
Mo38 PN - 19.92 0.13 2091 0.09 19.71 0.05 21.03 0.290.99 1.20 -1.32
Mo39 PN - 2055 0.29 21.11 0.09 1997 0.07 - - -0.56 1.14 -
Mo42 PN - 18,64 0.10 2054 0.26 19.19 0.11 20.13 0.161.90 1.35 -0.95
Sal22 PN - 18.98 0.20 19.46 0.09 1843 0.18 - - -0.48 1.03 -
SMP4 PN - 18.12 0.06 18.37 0.04 17.22 0.03 19.54 0.070.25 1.16 -2.32
SMP6 PN NC - - - - - - - - - - -
SMP27 PN - 16.84 0.04 17.84 0.12 17.13 0.03 18.30 0.091.00 0.71 -1.17
SMP30 PN - 17.17 0.06 18.65 0.05 17.37 0.05 - - -1.48 1.29 -
SMP35 PN - 16.33 0.20 16.58 0.04 15.67 0.07 19.11 0.340.25 0.91 -3.44
SMP77 PN - 15.78 0.04 16.68 0.10 16.23 0.04 16.95 0.100.90 0.45 -0.71
SMP78 PN - 15.75 0.03 1598 0.03 1490 0.02 16.69 0.030.23 1.08 -1.79
SMP82 PN - 18.07 0.06 18.50 0.04 17.50 0.05 18.62 0.060.43 1.00 -1.12

RP135 Em? - 18.68 0.08 19.09 0.06 1876 0.10 18.53 0.ED.42 0.33 0.23
RP142 FD?,NL ND - - - - - - - - - -
RP143 ND,NL ND - - - - - - - - - - -

RP162 PN ND - - - - - - - - . - -
RP163  FD,NL ND - - - ; ; ; ; ) ) ) ]
RP178  NL ND - - - - - ; ; ; ] ) ]
RP180 PN - 17.49 009 17.96 0.10 17.94 005 17.17 0.160.46 0.02 0.77

RP182 ND,DHII  ND - - - - - - - - - - -
RP187 ND,DHII  ND - - - - - - - - - - -
RP188 ND,DHII  ND - - - - -
RP198 Hil - 17.07 0.06 17.90 0.11 1741 0.07 17.15 0.050.84 0.49 0.26
RP202 FD,PN ND - -

RP203 ND,DHII  ND - - - - - - - -
RP218 Hil - 1491 0.04 1569 0.03 15.60 0.04 15.53 0.0#0.79 0.09 0.07

RP219 FS - 1752 0.09 18.04 0.04 1802 0.25 17.67 0.08.52 0.02 0.35
RP223 FS - 16.76 0.04 16.60 0.07 1596 0.038 15.21 0.04 0.16 4 0.60.75
RP227 LPYEM? - - - 18.61 0.04 16.64 0.05 14.65 0.02 - 1.97 1.98
RP228 FS - 19.09 0.11 19.08 0.05 18.37 0.06 17.55 0.05 0.02 1 0.70.82
RP231 FS - 16.29 0.04 16.83 0.07 16.85 0.08 16.74 0.080.54 -0.02 0.11
RP232 ND,DHII  ND - - - - - - - - - - -
RP234 ND,DHII  ND - - - - - - - - - - -
RP240 FS - 17.72 0.05 1799 0.06 17.71 0.03 17.61 0.060.28 0.28 0.10
RP241 FS - 1752 0.06 17.97 0.04 1766 0.05 17.23 0.080.45 0.32 0.43
RP242 LPVHII - 1598 0.04 16.75 0.02 16.76 0.03 16.55 0.04-0.77 -0.01 0.21
RP246 FS - 1522 0.03 16.09 0.04 16.10 0.03 16.22 0.00.87 -0.01 -0.13
RP247 Hil - 17.04 0.05 17.82 0.08 17.29 0.04 16.77 0.040.78 0.53 0.52
RP250 Hil ND - - - - - - - - - - -
RP251 Hil - 16.43 0.04 1721 0.05 16.95 0.05 16.90 0.050.78 0.26 0.05
RP254 ND,DHII - 17.01 0.04 1752 0.09 17.08 0.06 16.62 0.0#0.51 0.44 0.46

RP256 Hil - 1585 0.04 16.39 0.03 16.44 0.03 16.06 0.080.54 -0.05 0.39




Table A.2. Optical mags (continued).
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Name ID Status U Ue B Be \Y/ Ve i ie U-B B-V V—i
RP259 FS - 16.61 0.04 17.21 0.05 17.17 0.05 17.04 0.050.60 0.04 0.13
RP264 Sy? - 18.72 0.10 19.11 0.07 18.15 0.13 18.90 0.10.39 0.96 -0.75
RP265 FD,PN ND - - - - - - - - - - -
RP266 HIl - 16.02 0.14 17.20 0.07 17.13 0.11 16.53 0.0#1.18 0.07 0.60
RP268 FS - 16.23 0.04 16.92 0.02 16.90 0.03 16.71 0.63.69 0.01 0.19
RP277 Em - - - 21.86 0.14 20.16 0.07 16.66 0.03 - 1.71 3.50
RP283 Em - 16.54 0.04 16.92 0.02 16.88 0.03 16.97 0.070.38 0.04 -0.09
RP312 FS - 1492 0.06 15.71 0.02 1561 0.03 15.38 0.03.78 0.09 0.23
RP315 LPV - 15.22 0.03 15.88 0.02 1580 0.09 15.13 0.030.66 0.08 0.67
RP641 HIl - 18.89 0.09 19.36 0.07 1850 0.08 17.14 0.060.46 0.86 1.36
RP691 NL - 21.05 040 1837 0.07 16.65 0.06 15.15 0.04 2.68 2 1.71.50
RP698 HIl ND - - - - - - - - - - -
RP700 ND,NL ND - - - - - - - - - - -
RP701 FD,NL ND - - - - - - - - - - -
RP748 NL - - - 2236 0.26 21.67 022 2144 044 - 0.70 0.23
RP774 Sy? - 18.42 0.06 18.78 0.07 17.92 0.11 17.40 0.68.36 0.86 0.51
RP775 HIl - 15,82 0.05 16.18 0.07 16.20 0.07 16.19 0.050.36 -0.01 0.01
RP776 Sy? - 19.71 0.18 20.09 0.06 19.44 0.09 18.73 0.68.38 0.65 0.71
RP789 PN ND - - - - - - - - - - -
RP790 FS - 17.23 0.04 17.27 0.04 17.30 0.05 17.47 0.0%.04 -0.04 -0.17
RP791 Em - - - 20.42 0.09 1875 0.07 16.48 0.05 - 1.68 2.27
RP793 LPVMira - - - 2278 045 2165 - 17.64 - - 1.12 4.02
RP828 FS - 16.54 0.04 16.62 0.05 16.53 0.04 16.13 0.04.08 0.10 0.39
RP833 YSO ND - - - - - - - - - - -
RP883 LPVSy? - 18.43 0.09 18.75 0.03 1823 0.19 16.89 0.030.33 0.52 1.34
RP896 PN - 19.84 0.22 20.62 0.09 19.79 0.09 - - -0.79 0.83 -
RP907 PN - 1751 0.04 18.66 0.05 18.68 0.06 18.64 0.061.14 -0.03 0.04
RP908 Em - 17.36 0.04 1760 0.03 17.64 0.04 17.79 0.040.23 -0.04 -0.15
RP913 Em - - - 2058 0.06 1893 0.04 16.19 0.03 - 1.65 2.74
RP1018 FS - 17.20 0.04 1786 0.03 17.71 0.04 17.73 0.03.66 0.15 -0.02
RP1037 PN ND - - - - - - - - - - -
RP1040 ND,NL ND - - - - - - - - - - -
RP1923 FS - 15.42 0.13 16.10 0.03 16.05 0.04 16.15 0.64.68 0.04 -0.10
RP1930 FD?,NL ND - - - - - - - - - - -
RP1933 HIl - 14.05 0.14 16.04 0.13 1468 0.12 1394 0.121.99 1.36 0.74
RP1934 PN ND - - - - - - - - - - -
RP1938 PN - - - 21.28 0.18 2058 0.13 - - - -

Notes. * Replaced with mean values from Soszyhski et al. (2009)
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Name ID Class Aperture Y Ye J Je Ks Kee J-Ks Y-
LM2-39 Sy? -1 AperMag3 1590 0.01 1531 0.01 13.04 o0.01 2.28 0.58
MG12 PN 1 NoAperCorr3 20.82 0.20 20.57 0.20 19.11 0.20 1.45 26 0.
MG13 PN 1 NoAperCorr4 19.86 0.20 19.66 0.20 19.01 0.20 0.65 20 0.
MG16 PN 1 NoAperCorr6 1890 0.20 1857 0.20 17.04 0.20 1.53 33 0.
MG17 PN -1 AperMag3 1995 0.05 19.82 0.07 1897 0.09 0.85 0.13
MG18 PN 1 NoAperCorr4 2053 0.20 20.53 0.20 19.89 0.20 0.64 01 0.
MG56 PN 1 NoAperCorr3 19.21 0.20 19.07 0.20 18.83 0.20 0.24 150.
MG60 PN 1 NoAperCorr4 19.63 0.20 19.26 0.20 17.74 0.20 1.53 36 0.
MG65 PN 1 2.8 19.29 0.20 18,58 0.20 17.73 0.20 0.85 0.71
MG68 PN 1 NoAperCorrd 19.27 0.20 1859 0.20 17.58 0.20 1.01 68 0.
MG73 PN - 2.1 20.28 0.20 19.97 0.20 1891 0.20 1.06 0.31
MG75 ND,PN - - - - - - - - - -
MG76 PN -1 AperMag3 1829 0.03 18.12 0.04 17.67 0.04 0.45 0.17
MG77 PN - 3.3 20.68 0.20 20.53 0.20 1851 0.20 2.02 0.15
MNC1 PN - 2.8 20.30 0.20 19.66 0.20 18.74 0.20 0.92 0.64
MNC2 PN 1 2.4 2055 0.20 20.11 0.20 18.75 0.20 1.36 0.44
MNC3 PN? - - - - - - - - - -
MNC4 PN -1 AperMag3 16.68 0.01 16.31 0.01 14.15 0.01 2.16 0.36
Mo30 PN 1 NoAperCorr3 1843 0.20 18.36 0.20 18.52 0.26-0.17 0.08
Mo32 PN - 2.3 19.82 0.20 1941 0.20 18.14 0.20 1.27 0.41
Mo34 PN - 1.8 19.37 0.20 19.13 0.20 17.85 0.20 1.28 0.24
Mo36 PN - 1.5 20.26 0.20 20.04 0.20 19.19 0.20 0.85 0.22
Mo37 PN 1 3.2 20.09 0.20 19.18 0.20 17.68 0.20 1.50 0.91
Mo38 PN 1 3.3 19.96 0.20 19.47 0.20 17.60 0.20 1.87 0.49
Mo39 PN 1 NoAperCorr4 20.11 0.20 20.02 0.20 17.74 0.20 2.27 09 0.
Mo42 PN 1 NoAperCorr6 19.23 0.20 19.13 0.20 17.27 0.20 1.85 11 0.
Salz2 PN - 25 1954 0.20 19.31 0.20 18.58 0.20 0.73 0.23
SMP4 PN 1 NoAperCorr6 18.83 0.20 1856 0.20 17.06 0.20 1.51 26 0.
SMP6 PN -1 AperMag3 17.00 0.01 16.39 0.01 1494 o0.01 1.45 0.61
SMP27 PN -1 AperMag3 1822 0.02 17.99 0.02 17.42 0.03 0.57 0.23
SMP30 PN 1 NoAperCorr6 18.36 0.20 18.22 0.20 16.80 0.20 1.42.14 0
SMP35 PN 1 NoAperCorr6 17.36 0.20 17.02 0.20 16.32 0.20 0.71.34 0
SMP77 PN -1 AperMag3 16.83 0.01 16.27 0.01 15.01 o0.01 1.25 0.56
SMP78 PN -1 AperMag3 16.22 0.01 1590 0.01 14.85 0.01 1.05 0.32
SMP82 PN -1 AperMag3 17.81 0.03 17.75 0.04 16.70 0.03 1.05 0.05
RP135 Em? 1 AperMag3 18.60 0.04 18.23 0.04 18.03 0.06 0.20 6 0.3
RP142 FD?,NL - - - - - - - - - -
RP143 ND,NL - - - - - - - - - -
RP162 PN 1 NoAperCorr4 1829 0.20 17.79 0.20 17.07 0.20 0.72.50 0
RP163 FD,NL - - - - - - - - - -
RP178 NL - - - - - - - - - -
RP180 PN - 1.4 19.03 0.20 18.64 0.20 18.38 0.20 0.26 0.39
RP182 ND,DHII - - - - - - - - - -
RP187 ND,DHII - - - - - - - - - -
RP188 ND,DHII - - - - - - - - - -
RP198 Hil 1 AperMag3 17.08 0.01 16.81 0.01 16.59 0.02 022 702
RP202 FD,PN - - - - - - - - - -
RP203 ND,DHII - - - - - - - - - -
RP218 Hil -1 AperMag3 1583 0.01 1573 0.01 15.66 0.01 0.07 0.10
RP219 FS -1 AperMag3 17.68 0.02 17.49 0.02 17.21 0.03 0.28 0.19
RP223 FS -1 AperMag3 1484 0.01 1449 0.01 14.08 0.01 0.40 0.35
RP227 LPVYEmM? -1 AperMag3 1399 0.01 13.27 0.01 12.17 o0.01 1.09 0.72
RP228 FS -2 AperMag3 1753 0.02 17.22 0.02 16.76 0.02 0.46 0.31
RP231 FS -1 AperMag3 16.79 0.01 16.53 0.01 16.19 0.01 0.35 0.25
RP232 ND,DHII - - - - - - - - - -
RP234 ND,DHII - - - - - - - - - -
RP240 FS -1 AperMag3 1716 0.01 16.91 0.01 16.35 0.01 0.56 0.26
RP241 FS 1 AperMag3 1699 0.01 16.68 0.01 16.19 0.01 0.49 0.31
RP242 LPVHII -1 AperMag3 16.52 0.01 16.24 0.01 15.81 0.01 0.42 0.28
RP246 FS -1 AperMag3 16.30 0.01 16.24 0.01 16.32 0.02-0.07 0.05
RP247 Hil -1 AperMag3 16.69 0.01 16.41 0.01 16.12 0.01 0.28 0.28
RP250 HIl - - - - - - - - - -
RP251 Hil -1 AperMag3 16.85 0.01 16.67 0.01 16.51 0.01 0.17 0.18
RP254 ND,DHII -1 AperMag3 16.38 0.01 16.12 0.01 16.45 0.01-0.33 0.26
RP256 Hil -1 AperMag3 16.71 0.01 16.65 0.01 16.68 0.02-0.03 0.06
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Table A.4.VMC magnitudes (continued).
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Name ID Class Aperture Y Ye J Je Ks Kee J-Ks Y-J
RP259 FS -1 AperMag3 17.21 0.01 17.00 0.02 16.66 0.02 0.34 0.22
RP264  Sy? 1 AperMag3 17.32 0.01 16.30 0.01 12.88 0.01 342 310
RP265 FD,PN - - - - - - - - - -
RP266  HII 1 AperMag3 16.57 0.01 16.17 0.01 1559 0.01 058 004
RP268 FS -1 AperMag3 16.76 0.01 16,55 0.01 16.26 0.01 0.30 0.21
RP277 Em -1 AperMag3 1561 0.01 1491 0.01 1412 o0.01 0.79 0.70
RP283 Em -1 AperMag3 16.78 0.01 16.57 0.01 16.07 0.01 0.50 0.21
RP312 FS -1 AperMag3 1536 0.01 1511 0.01 1472 0.01 0.39 0.25
RP315 LPV -1 AperMag3 16.09 0.01 15.97 0.01 15.82 0.01 0.14 0.12
RP641  HIl 1 AperMag3 16.84 0.01 16.24 0.01 1542 0.01 0.82 905
RP691  NL -1 AperMag3 1450 0.01 13.86 0.01 12.86 0.01 1.00 0.65
RP698  HII - - - - - - - - - -
RP700 ND,NL - - - - - - - - - -
RP701  FD,NL - - - - - - - - - -
RP748 NL - 2.6 20.06 0.20 1955 0.20 18.73 0.20 0.82 0.51
RP774  Sy? 1 NoAperCorr4 1755 0.20 16.75 0.20 14.52 0.20 2.28.79
RP775 HIl 1 NoAperCorr6 1583 0.20 1534 0.20 1446 0.20 0.880.48
RP776  Sy? 1 NoAperCorr6 17.92 0.20 17.09 0.20 14.80 0.20 2.20.83
RP789 PN - ell(1.68,3.64) 1990 0.20 1992 0.20 19.51 0.20 0.41-0.02
RP790 FS -1 AperMag3 17.23 0.01 17.07 0.02 16.72 0.02 0.35 0.15
RP791 Em -1 AperMag3 15,79 0.01 15.18 0.01 1433 0.01 0.85 0.61
RP793  LPVYMira -1 AperMag3 17.34 0.01 1572 0.01 11.64 0.01 4.08 1.62
RP828 FS -1 AperMag3 1574 0.01 1538 0.01 1481 0.01 0.58 0.36
RP833  YSO 1 2/A 20.83 0.20 1956 0.20 17.73 0.20 1.83 1.27
RP883  LPVYSy? -1 AperMag3 16.66 0.01 1581 0.01 13.01 0.01 2.80 0.85
RP896 PN 1 38 19.79 0.20 19.34 0.20 17.98 0.20 1.36 0.45
RP907 PN -1 AperMag3 18.77 0.04 1821 0.03 17.05 0.02 1.16 0.56
RP908 Em -1 AperMag3 1766 0.01 17.41 0.02 16.87 0.02 0.54 0.24
RP913 Em -1 AperMag3 1536 0.01 1474 0.01 14.02 o0.01 0.72 0.62
RP1018 FS -1 AperMag3 17.65 0.01 17.48 0.01 17.25 0.02 0.23 0.18
RP1037 PN 1 27 20.47 0.20 20.28 0.20 1850 0.20 1.78 0.19
RP1040 ND,NL - - - - - - - - - -
RP1923 FS -1 AperMag3 16.13 0.01 16.16 0.01 16.11 0.01 0.050.02
RP1930 FD?,NL - - - - - - - - - -
RP1933 HII 1 NoAperCorr6 15.01 0.20 1450 0.20 1341 0.20 91.00.51
RP1934 PN 1 NoAperCorr4 20.69 0.20 20.62 0.20 19.45 0.20 1.19.07
RP1938 PN - 25 21.11 0.20 21.09 0.20 20.21 0.20 0.88 0.02
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Table A.5. SAGE MIR magnitudes.

Name D IRAC MIPS J-K, [3.6] [36lc [45] [45c [5.8 [ole [80] [0 [24] (2
LM2-39  Sy? CAT _ CAT 228 1011 005 876 003 7.71 002 639 300275 001
MG12 PN AP AP 145 1894 025 17.39 0.25 - - 1602 035 1177 00.4
MG13 PN AP AP 0.65 1853 025 17.53 0.5 - - 1509 035 10.79 00.4
MG16 PN AP AP 153 1668 025 1575 025 1540 0.30 13.99 0.38.731 0.40
MG17 PN AP AP 0.85 17.17 0.25 16.55 0.25 14.81 0.30 13.55 0.35.36 8 0.40
MG18 PN AP AP 0.64 19.08  0.25 - - - - - - 1079  0.40
MG56 PN ND ND 0.24 - - - - - - - - - -
MG60 PN AP AP 153 1653 025 1587 025 1497 0.30 1342 0.38.451 0.40
MG65 PN AP AP 085 1629 025 1467 025 1561 030 1404 0.35.33 7 0.40
MG68 PN AP AP 1.01 1635 025 1569 025 1471 030 13.13 0.35.09 8 0.40
MG73 PN ND ND 1.06 - - - - - - - - - -
MG75 NDPN ND  ND - - - - - - - - - - -
MG76 PN AP AP 045 1676 025 1601 025 1552 030 13.84 0.35.36 8 0.40
MG77 PN AP AP 202 1753 025 1627 025 1510 030 13.33 0.38.771 0.40
MNC1 PN AP AP 092 17.02 025 1637 025 1485 030 1322 0.35.68 9 0.40
MNC2 PN AP AP 136 17.43 025 1665 025 1555 0.30 13.34 0.35.86l 0.40
MNC3 PN? ND ND - - - - - - - - - - -
MNC4 PN AP CAT 216 11.94 025 1115 025 976 030 7.68 0.35853. 0.01
Mo30 PN ND AP -0.17 - - - - - - - - 10.24 0.40
Mo32 PN AP AP 1.27 - - 1651 025 1516 030 1445 0.35 11.30 00.4
Mo34 PN AP AP 1.28 - - - - - - 13.81 0.35 9.79 0.40
Mo36 PN ND AP 0.85 - - - - - - - - 970 0.0
Mo37 PN AP ND? 150 16.68 025 1562 025 1420 0.30 1297 035 - -
Mo38 PN AP AP 1.87 1655 025 1569 025 14.40 0.30 1373 0.38.851 0.40
Mo39 PN AP AP 227 17.01 025 1583 025 1530 030 1396 0.35.021 0.40
Mo42 PN AP AP 185 16.75 025 1568 025 1461 0.30 13.60 0.35.48 9 0.40
Sal22 PN AP AP 073 17.37 025 1578 025 1617 030 1575 0.3699 0.40
SMP4 PN NC NC 1.51 - - - - - - - - - -
SMP6 PN NC  NC 1.45 - - - - - - - - - -
SMP27 PN AP AP 057 1622 025 1536 025 1460 030 1280 0.3603 0.40
SMP30 PN AP AP 142 1646 025 1527 025 1446 0.30 13.64 03851 0.40
SMP35 PN AP AP 0.71 15.34 0.25 14.29 0.25 13.75 0.30 12.70 0.36.96 0.40
SMP77 PN AP AP 125 1319 025 1232 025 1157 0.30 994 0.3505 6 0.40
SMP78 PN AP AP 1.05 1282 025 1201 025 10.39 0.30 847 0.3518 4 0.40
SMP82 PN AP AP 1.05 1565 025 1436 025 13.44 0.30 1174 03557 0.40
RP135 Em? ND ND 0.20 - - - - - - - - - -

RP142 FD?,NL ND ND - - - - - - - - - - -
RP143 ND,NL ND ND - - - - - - - -
RP162 PN AP ND 0.72 16.42 0.25 15.99 0.25 15.23 0.30 14.44 0.35 - -

RP163 FD,NL ND ND - - - - - - - - - - -
RP178 NL AP AP - 16.40 0.25 16.27 0.30 14.71 0.35 10.62 0.40

RP180 PN CAT AP 026 1570 007 1636 0.16 1394 006 12.24 6 0.0855 0.40
RP182 ND,DHII ND  ND - - - - ; - - ; ; i -
RP187 ND,DHII ND  ND - - - - - - ; ; ] ] ]
RP188 ND,DHII ND  ND - - - - - - ; - ; ]
RP198  HIl AP AP 022 1535 025 1449 025 1357 030 11.85 50.36.53 0.40
RP202 FDPN  ND ND - - - - - - -

RP203 ND,DHII ND  ND - - - - - ; ; } ] ]
RP218  HIl AP AP 0.07 1561 025 1524 025 1550 030 13.90 50.36.67 0.40

RP219 FS ND ND 0.28 - - - - - - - - - -
RP223 FS CAT ND 0.40 13.92 0.04 13.88 0.05 14.22 0.11 - - - -
RP227 LPYEm? CAT ND 1.09 12.00 0.04 12.18 0.04 12.03 0.04 1191 0.04 - -
RP228 FS CAT ND 0.46 16.04 0.07 15.83 0.05 - - - - - -

RP231 FS CAT ND 0.35 15.66 0.05 15.49 0.06 - - - - - -
RP232 ND,DHII  ND ND - -

RP234 ND,DHII  ND ND - - - - - - -
RP240 FS AP ND 0.56 15.80 0.25 1541 0.25 15.26 0.30 - - - -

RP241 FS ND ND 0.49 - - - - - - - - - -
RP242 LPVHII AP AP 0.42 15.15 0.25 14.66 0.25 14.39 0.30 13.92 0.35 8.28.40
RP246 FS ND ND -0.07 - - - - - - - - - -
RP247 HIl CAT AP 0.28 16.00 0.09 15.27 0.11 - - - - 7.70 0.40
RP250 HIl ND ND - - - - - - - - - - -
RP251 HIl AP AP 0.17 16.06 0.25 15.37 0.25 - - - - 7.39 0.40
RP254 ND,DHII  EX AP -0.33 - - - - - - - - 6.06 0.40
RP256 HIl AP AP -0.03 17.09 0.25 16.76 0.25 - - - - 7.58 0.40
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Name 1D IRAC MIPS J-K. [36] [36le [45] [45le [5.8] [G8le [8.0] [80le [24] [Z@
RP250  FS CAT _ND 034 1610 005 1591 006 - - - - - -
RP264  Sy? CAT  CAT 342 991 003 880 003 7.84 002 645 0.02.562 0.01
RP265 FD,PN ND ND - - - - - - - - - - -
RP266  HII EX ND 0.58 - - - - - - - - - -
RP268  FS AP ND 030 1600 025 1573 025 - - - - - -
RP277 Em AP ND 079 13.80 0.25 1366 025 1399 030 14.05 0.35 - -
RP283  Em AP ND 050 1558 025 1531 025 1565 030 1512 0.35 - -
RP312  FS CAT ND 039 14.32 0.03 1405 005 1401 006 1355 00.1 - -
RP315 LPV AP ND 0.14 14.66 0.25 14.34 0.25 14.55 0.30 1421 503 - -
RP641  HII EX EXTD  0.82 - - - - - - - - - -
RP691  NL CAT ND 1.00 1272 003 12.84 003 1275 0.05 1264 900 - -
RP698  HII EX  EXTD - - - - - - - - - - -
RP700 ND,NL ND ND - - - - - - - - - - -
RP701 FDNL ND  ND - - - - - - - - - - -
RP748 NL ND ND 0.82 - - - - - - - - - -
RP774  Sy? CAT AP 223 1218 005 11.33 003 1031 005 891 5 0.0536 0.40
RP775 HIl EX EXTD 0.88 - - - - - - - - - -
RP776  Sy? CAT AP 229 1242 005 1159 003 10.63 0.04 9.16 4 0.0659 0.40
RP789 PN AP AP 0.41 17.17 0.25 16.75 0.25 15.24 0.30 13.36 0.38.26 0.40
RP790  FS AP ND 035 16.73 025 1621 025 1646 030 1549 0.35 - -
RP791  Em CAT ND 085 14.06 003 1409 003 1422 006 1396 8 0.0 - -
RP793  LPVMira CAT AP 408 901 004 828 003 779 002 726 002 6.88 400.
RP828  FS CAT ND 058 1429 003 1410 004 1393 007 1356 6 0.0 - -
RP833  YSO AP ND 1.83 1638 025 1556 0.25 - - - - - -
RP883 LPYSy? CAT AP 280 10.18 002 921 001 844 002 744 001 5.2340 0.
RP896 PN AP AP 136 1719 025 1645 025 1555 0.30 1343 03528 0.40
RP907 PN CAT AP 116 1511 004 1448 004 1313 004 11.25 3 0.07.27 0.40
RP908  Em AP ND 054 1667 025 1636 025 1625 030 1569 0.35 - -
RP913  Em AP ND 072 13.75 025 1361 025 1362 030 14.48 0.35 - -
RP1018 FS CAT ND 023 1669 005 1659 007 - - - - - -
RP1037 PN AP ND 178 1742 025 1649 025 1611 0.30 14.93 503 - -
RP1040 ND,NL ND ND - - - - - - - - - - -
RP1923 FS CAT EXTD 005 1611 011 1590 0.14 - - - - - -
RP1930 FD?,NL ND ND - - - - - - - - - - -
RP1933  HIl EX  CAT 1.09 - - - - - - - - 164 001
RP1934 PN AP ND 1.17 19.00 0.25 - - - - - - - -
RP1938 PN AP AP 0.88 18.73 0.25 17.44 025 - - - - 977  0.40
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Appendix B: Images

We present colour-composite images for our sample in twe set
of figures. Figure§ BII=B.10 contain the VMC images made
from stackedKs (red),J (green) and¥ (blue) images, WFI im-
ages made from eitherd{red), [O IlI] (green) and (blue) im-
ages or for objects in Tahl 4dHred), MB 48531 or MB 60421
(green) and [O II] (blue), an&pitzerSAGE images made from
[5.8] (red), [4.5] (green) and [3.6] (blue) images. FiguiBegl-
B.14 contain VMC and SAGE images for objects lacking ESO
WEFI coverage.

In each set of figures the objects are ordered following Tab.
[2. VMC images include circles with the RP2006b measured H
radius. Depending on the ratio ofoHo [O 1ll] emission, PNe
may appear red as in RP265 (no [O Ill] indicative of a cool
CSPN), yellow as in MG60 (k/[O Ill] ~1) or green as in SMP78
([O 1l >Ha). Exceptions include MG76, where [O IlI] was re-
placed byV due to missing coverage, and objects in Tab. 4, in
which case PNe may appear redyHnly) or pink ([O Ill] and
Ha).
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Fig. B.1. (left column) VMCKg (red),J (green) andy (blue) colour-composite; (middle columBpitzerSAGE [5.8] (red), [4.5]
(green) and [3.6] (blue); (right column) OpticakH{red), [O 111] (green) and (blue) excluding MG76 and objects in Tab. 4 which
are Hy (red), continuum (green) and [O 11I] (blue). Each image ix30 arcset with North up and East to left.

Fig. B.2.Figure[B.1 (continued).

Fig. B.3.Figure[B.2 (continued).

Fig. B.4.Figure[B.3 (continued).

Fig. B.5.Figure[B.4 (continued).

Fig. B.6.Figure[B.% (continued).

Fig. B.7.Figure[B.6 (continued).

Fig. B.8.Figure[B.T (continued).

Fig. B.9.Figure[B.8 (continued).

Fig. B.10.Figure[B.9 (continued).
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Fig.B.11. Similar to Fig.[B.1 but for objects without WFI coverage inawgets of two columns: (left columns) VMC colour-
composite; (right columns) SAGE colour-composite. SMP d SMP 6 have no SAGE coverage.

Fig. B.12.Figure[B.11 (continued).

Fig. B.13.Figure[B. 12 (continued).

Fig. B.14.Figure[B.1I3 (continued).
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