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ABSTRACT

The central star of the planetary nebula (CSPN) M 2-29 shawexiraordinary R Coronae Borealis-like fading event irpjpsical
lightcurve. The only other CSPN to show these events are-GBB032 (Hen 3-1333) and V651 Mon (NGC 2346). Dust cloud
formation in the line of sight appears responsible but thecexiggering mechanism is not well understood. Undeditenhow
planetary nebulae (PNe) trigger dust obscuration evenyshalp understand the same process in a wide range of objmitsling
Population-l WC9 stars, symbiotic stars and perhaps AsgtigpGiant Branch (AGB) stars with long secondary periodSHE).
A binary scenario involving an eccentric, wide companioat ttiiggers dust formation via interaction at periastrom igotential
explanation that has been suggested for LSP variables. IMitgléo the lightcurves of CPB56°8032 and M 2-29 show the dust
forms in excess of 70 AU at the inner edge of a dust disk. In tee of CPB-56°8032 this radius is far too large to coincide
with a binary companion trigger, although a binary may haserbresponsible for the formation of the dust disk. We find inectl
evidence to support previous claims of binarity in M 2-2&eitfrom the OGLE lightcurve or deep medium-resolution VIOAMES
spectroscopy of the CSPN. We classify the CSPN as Of(H) With= 50+ 10 kK and logg = 4.0 + 0.3. We find a mean distance
of 7.4 + 1.8 kpc to M 2-29 at which thé/l,, = —0.9 mag CSPN could potentially hide a subgiant luminosity ortéa companion. A
companion would help explain the multiple similaritieslwid’-type symbiotic stars whose outer nebulae are thougbetbona-fide
PNe. The 7.4 kpc distance, oxygen abundance of 8.3 dex amdt@®atoordinates/(= 4.0, b = —3.0) prove that M 2-29 is a Galactic
Bulge PN and not a Halo PN as commonly misconceived.

Key words. ISM: planetary nebulae: individual: PN G004@3.0 — stars: AGB and post-AGB — stars: binaries: symbiotic

1. Introduction LSPs (Wood et al. 1999, 2004; Soszynski 2007; Nicholls et al

. . 8009; Wood & Nicholls 2009).
Long-term photometric monitoring surveys such as MACH . L
(Alcock et al. 1997) and OGLE (Udalski 2009) have opened a In all th_ese systems bu.t the LSP variables, Itis reasongbly
remarkable window into the decadal variability of rare, sho well established that ongoing dust cloud formation in tme li

lived phases of stellar evolution. Perhaps least undedsioe ©f Sight is responsible for the fading events. The exact mech
those variables that exhibit fading events due to dust ahscuiS™ that triggers the dust formation is not always known but

tion. These include R Coronae Borealis stars (RCB, ClaytSROCK waves are believed to play an important role (Fleische

1996), Population-I WC9 stars (Veen et al. 199(8; Kato e%/ 4t al. 1992; Goeres & Sedimayr 1992, hereafter GS92; Veen et
2002), symbiotic stars (Mikotajewska et al. 1999; Menniuke al. 1998). Stellar pulsations or interactions with a bineoyn- _
et al. 2008; Gromadzki et al. 2009), PNe (Méndez, Gathier aNion can help produce these shock waves. There are no bi-
Niemela 1982; Cohen et al. 2002; Hajduk et al. 2008, heneaffy RCB stars known which leaves pulsations as the only pos-

HZzG08) and perhaps AGB stars with long secondary periods 3p'€ factor (e.g. Lawson etal. 1990). Amongst Populatiorc
stars the non-WC9 types form amorphous carbon dust via wind-

* Based on observations made with the Very Large Telescopevénd collision (WWC) in binary systems (Tuthill, Monnier &
Paranal Observatory under program ID 079.D-0764(A). Danchi 1999; Williams 2008). The WC9 stars appear to be dif-
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ferent in that while the majority do form C-based dust, it's u 2. Dust obscuration in NGC 2346 and Hen 3-1333

clear whether this is due to WWC or shocks associated with

the clumpy winds of single stars. Ground-based obsengtipn ~Part from M 2-29 only V651 Mon of NGC 2346 (PN
WC9 stars show that most do not vary abave5-10 mmag G215.6-03.6; Méndez et al. 1982) and the [WC10] nucleus
(Fahed, MdFat & Bonanos 2009) which strongly suggests quPD—56°8032 of Hen 3-1333 (PN G332:99.9; Pollacco et al.
sations are not responsible for dust formation in theses.stat992; Jones etal. 1999; Cohen et al. 2002) were known to show
Symbiotic stars are by definition binaries and pulsatiores gffust obscuration events. If there is a common binary exfitama
common in the evolved components (e.g. Mikotajewska 2001§r the fading events in AGB stars with LSPs and these PNe,
Pulsations are known to occur mostly in H-deficient PNe (e.g1€n it is fundamental to establish the binary status orratise
Ciardullo & Bond 1996: Gonzalez Pérez, Solheim & Kambe f these PNe. A key question is yvhether clearly deflnedlor iso-
2006), but our knowledge of binarity in PNe is still in its in-ated fading events repeat periodically presumably dubeart-

fancy especially for orbital periodsl day (Miszalski et al. 2009, fluence of a companion. An additional tool that may be used to
ZOlgb' [F))e Mar)éo 2009). P Y ( infer binarity is the detection of a (circumbinary) dustldigith

Keplerian kinematics (Van Winckel 2003; Bujarrabal et 803;
gDeroo et al. 2007). Binarity appears to be a prerequisitelifh

; : ; formation but much further observational evidence is regiio
bate but no satisfactory explanation for them exists (Nishat . : , -
al. 2009). Dust is clearly associated with the phenomenadn Bst this hypothesis (Van Winckel et al. 2009; Chesneau 2010

the presence of dust alone cannot distinguish between dorgpe Y651 Mon consists of an ASV star and an invisible hot
scenarios (Wood & Nicholls 2009). An alternative way to vieuP-dwarf in a 16 day period seen in both photometric and ra-
the problem is to examine PNe as the progeny of AGB stars wiifl velocity observations (Méndez & Niemela 1981; Ménde
LSPs and to look for evidence that would support a given sc@t al- 1982). Undoubtedly the longest monitored CSPN, V651
nario. Of all the candidate scenarios a wide binary model (eMon has been observed since the 1970s (see e.g. Schaefer 1983
Wood et al. 1999) would be the most straightforward to verigz%? Kohoutek 1995) and is also monitored by the American
with the safe assumption that the companion survives the P§Sociation of Variable Star Observers (AAVEGand the All
phase. In this scenario a very low mass companion in a largky Automated Survey (ASAS, Pojmanski 2002). Isolated min-
eccentric orbit interacts at periastron triggering dustration. ma as well studied as the one observed by Kato et al. (2001)
The dust formed may remain clumpy or it could settle into a sta"€ dfficult to glean from the early literature, while the early
ble disk structure. If a disk is present prior to PN ejectiumdust AAYSO data show what appears to be a prolonged minimum up
geometry would conspire to produce a bipolar or at least asyHtil HID-2450000= —3900 days. This could correspond to
metric nebula (Bond & Livio 1990), while the disk itself wall” the quasi-stationary Phase C described by GS92 where an equi
not necessarily survive the ejection event. This relatignwith llorium persists between dust formation and radiative sures
asymmetric PNe (see also Wood et al. 2004), and particulafigbleLl presents the epochs and duration of recent isolated m
the strong resemblance between fading events in PNe and L3P& from Kato et al. (2001) and ASAS. It is inappropriate to

makes PNe a potentially valuable tool to address the longstaClaim any periodicity until further observations of minimaae
ing LSP problem. obtained. If a period of5 years is adopted, then a minimum

should have been observed around H2B50000~ 1800 days,

M 2-29 (PN G004.0-03.0)is the least studied amongst thdut it is pos_sible the conditions for such an event were nitt su
three PNe known to show dust obscuration events, partly € for grain growth to occur. _ _
cause this behaviour was only discovered recently (HzG08). |f fading events in V651 Mon were to be triggered by a wide
M 2-29 is infamous for its apparently low oxygen abundance 8fnary itis clearly not either component of the observed 4% d
7.4+0.1 dex which lies in the metal poor regime of Galactic HalBinary. Unfortunately the radial velocities presentedkia fit-
PNe (Pefia, Torres-Peimbert & Ruiz 1991, 1992, hereaftey P§rature are too few to confirm or deny such a companion. A
P92; Howard et al. 1997). Torres-Peimbert et al. (1997 dftee circumbinary disk seems unI|I_<er to surrou_nd V651 Mon since
TP97) found M 2-29 to have a high density. (> 10° cm3) the A5V component of the bmgry CSPN is only slightly ,red-
circumstellar nebula itST observations and consequently redened outside fading events (Méndez & Niemela 1981; Ménde
marked upon the spurious nature of ground based abundafic@l- 1985). The evacuated inner zone or ‘void’ (Balick 2000
measurements. We obtained medium resolution integral fig@lt§o means the survival of a disk after the PN phase is uglikel
spectroscopy of M 2-29 with the VLT to measure its chemicjevertheless, high-resolution (interferometric) obaéons of
abundances prior to the discovery of the fading event. Nikza NGC 2346 are urged.
et al. (2009) confirmed the dense circumstellar nebula of7fTP9 CPD-56°8032 is the cool [WC10] nucleus of Hen 3-1333
and further suggested that it may indicate the nucleus isra sywhich De Marco & Crowther (1998) found to haviey = 30

biotic star. Here we expand upon this claim within the contéx KK, Ve = 225 km s* and a high mass-loss rate df= 4 x 10
dust obscuration events in PNe. Mo yr‘l. A dust disk of inner radius 9711 AU was resolved
by the VLTI (De Marco et al. 2002b; Chesneau et al. 2006)

This paper is structured as follows. Sectidn 2 reviews du@@d dual-dust chemistry is present (Cohen et al. 2002) réfigju
obscuration in V651 Mon and CRI36°8032. Sectiori]3 dis- shows the visual lightcurve of CRI36°8032 observed by one of
cusses the photometric variations of M 2-29 with a particul&S (AFJ) that updates the previous version published by @ohe
focus on whether there is any evidence for binarity. Sectig al- (2002). The minima are tabulated in Tab. 1 and, as for
@ presents the first deep, medium-resolution, spatiaipived V651 Mon, we suspect CPES6°8032 is in a prolonged quasi-
optical spectroscopy of M 2-29. Classification of the CSPN &fationary state of minimum after H32450000= 3500 days.
M 2-29 is discussed in Sefl. 5 and the properties of its nepela ~ Cohen et al. (2002) described a number of plausible sce-
covered in SecE]6. The dust properties of M 2-29 are discusg#arios to describe the minima which have largely remained
in Sect[Y. Sectidnl8 outlines the similarities between M2ad
symbiotic stars, and we conclude in S&gt. 9. ! httpy/www.aavso.org

The origin of LSPs in AGB stars has a long history of d
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Table 1.Isolated minimain V651 Mon and CR%6°8032.

V651 Mon At CPD-56°8032 At
(HJD-2450000) (years) (HJER450000) (years) b
500 0 -2000 0
3250 7.5 -250 4.8 .
4900 4.5 2000 6.2 2
- - 3500 4.1 \E il

untested. Phenomenologically the lightcurve of GBB*8032
resembles the events in RCB stars but over much longer
timescales (e.g. Alcock et al. 2001; Tisserand et al. 2008).
gain further insight into the problem we can model the liginte ‘ ‘ ‘ ‘
using either the RCB star model of GS92 or the WC9 model of T 000 0 T 2000 4000
Veen et al. (1998). The main free parameters in these mordels a HJD—2450000 (days)

the radiusRy between the star and the forming dust cloud, and

the dust outflow velocity i.e. the terminal velocity of thel&r . .
wind ve.. The WC9 model of Veen et al. (1998) did not match thEi9- 1. An updated version of the CRI36°8032 lightcurve
curvature of the ingress for ais and was not considered fur-Published by Cohen et al. (2002), black points, and ASAS
ther. For the ingress we used Eqn. 33a of GS92 which is a simfrimanski 2002), red points. GS92 model fitsRar= 97+ 11

quadratic independent of both andRy that only describes dustAY and Ve, = 225 km s* (blue lines) to the lightcurve have
grain growth. For the egress we used Eqgn. 35 of GS92: (left to right) mirymax magnitudes of 12/01.0, 12.211.1 and
12.411.0, and last 1450, 1900 and 1100 days.
Ra

m(t) — m(ty) = (M(te) - M(ty)) ——— (1) ‘ ‘ ‘ ‘ FLAMES
(Rd + Voot)z P9i Figz 1

13

wherem(tp) andm(t;) are the magnitudes at light minimum and
maximum, respectively. A remarkably good fit was found using
the empirically determineBy = 97 + 11 AU andv,, = 225 km o | ]
st (Fig.[D).

The quality of the fit suggests the same physics apply to fad-
ing events in PNe as RCB stars despite the veffedint time
scales involvedin other words, it is likely that the dust forms at
the inner edge of the dust disk in CPB6°8032 As Ry is 3—4

ocry (Mag)

I

orders of magnitude larger than in RCB stars, presumably be- ~ | . i
cause of the stronger ionising field of the CSPN, the wind den- § ' @ ]

sities would be insficient to support dust formation (De Marco Ny TS0 7800 450 400 —3507
et al. 2002a). The only way to reach the high densities requir S ‘ : ‘ S ‘ P ]

would be either with a dust disk or via wind-wind interaction
with a companion. The dust disk is already established a@d th HID-2450000 (days)
latter scenario is unlikely in CPEB6°8032 because for an as-

sumed orbital period ot5 years, a primary mass of OMi, and  Fig. 2. OGLE I-band (black points) and MACHO Cousirs
a main-sequence companion of OW, the orbital separation, (green points, shifted-0.9 mag) lightcurves of M 2-29. The
and therefor&y, would be at most 1& 2 AU. This radius is far pjye lines are GS92 RCB star model fits. The inset shows the
too small to explain the fading events in CP56°8032 . ~ingressin the old (circles) and final (points) OGLE- lighitees.

In summary, there is inglicient evidence for obscurationgpectroscopic observations are arrowed and ranges addtyse

events in PNe to be triggered by a wide interacting companiqferiodic variability marked. The dashed vertical line devages
Firstly, there is a lack of a strong periodic repeatabilibnf both  oGLE-II from OGLE-III data.

V651 Mon and CPB56°8032, and secondly, we have excluded
a companion to CPB56°8032 in aP ~ 5 year orbit as the trig-

ger is based on the substantially larger dust formatiorusaf shown to indicate the duration of the deep minimum (Alcock
97+ 11 AU. While binarity may be responsible for the formatiort al. 1997; Lutz et al. 2018)In the following we examine
of a dust disk, binarity itself does not seem to play a strai@ r the large-scale and short-scakeand variations, as well as the

in the dust formation events. All the above suggests theteve@GLE V-band data, to search for evidence of binarity.
are triggered by stochastic instabilities in the dust diskif, per-

haps as a result of clumpy, high mass-loss rate winds from the o
central stars. Further observations of V651 Mon to clestyle- 3.1. Large-scale variations

lish the presence of a dust disk are urged. Zebrun (1998) first classified the CSPN of M 2-29 as an RCB
star candidate, but it was not until HZGO08 that the connectio
3. The OGLE lightcurve of M 2-29 was made with the PN. As for CRI36°8032, we found the fad-

. _ _ _ ing event of M 2-29 could be successfully modelled using the
Figure[2 depicts the OGLE-band lightcurve after final pro-
cessing to place all OGLE data on a uniform photometric scalé The correct MACHO FTS identification number is 101.21568.18
(Udalski et al. 2008). The MACHO Cousislightcurve is also and not 101.21568.639 as listed by Lutz et al. (2010).
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simple RCB star model of GS92. Our model fit in Hig. 2 using
Eqn.[1 assumes an upper limitwf = 1200 km s? (Sect[5.1) 00.0%
and adoptfRy = 70+ 10 AU, | = 16.18 at light minimum and ol
| = 14.75 at maximum. The ingress model assumes total occul- ~ | ss.0%
tation of the star which may explain theflitulty in fitting the 95.0%
preceeding slow decline. [
The simple assumptions of the GS92 model are by Ockham's o 002 ... |
Razor preferable over more complicated alternative st@har < l
that involve occultation by a large dust disk (e.g. HZG0&)eT
largerv,, creates a more rapid recovery than in GPB°8032
and the very large dust formation radius strongly suggedtsa ot .
disk is present in M 2-29 (see also Sédt. 7). The double-pkake

[O 1] profile detected by Gesicki et al. (2010) may be eviden

for Keplerian rotation in the dust disk following the exarmoif

EGB 6 (Su et al. 2010). An alternative view may be the profile “o 005 0.1 0.15
reflects a small bipolar outflow emerging from the disk. Frequency (")

The slow~0.4 mag variations at light maximum in M 2-

29 are not seen in V651 Mon or CRB6°8032. Only varia- Fig. 3. Lomb periodogram of the detrended ingress into the fad-

'fli_?]ns _reflectir|1g the 16 day orbithal period z?]re s_eelg(i:nBV651 M?{%&event. Horizontal lines are the formal significance leand
e timescales are again much greater than in stars w FTowW K 12 is a likelv sampling ali
they are pulsation-driven. As we find no evidence for putseti arrowed peak at 31.2 days is a likely sampling alias.

(Sect[3.R), we speculate that they are the product of arconti
uously variable (perhaps clumpy) mass-loss rate. Furtims-t
resolved spectroscopy of the CSPN to track changes iniste
parameters should clarify their origin. At this stage it ighty
premature to assign any type of periodicity to the fadingéeve
given only one is observed. HZGO08 claimed to interpret thg ‘d
around HJD- 2450000= 3200 days (i.e. the third OGLE-III
season) to represent a ‘secondary eclipse’ from which tleey (
rived an orbital period of£18 years. There are a number of prob
lems with this interpretation. Firstly, the nomenclatufstellar
eclipses cannot be applied to fading events, and secohéhg t
is no evidence for any declining trend in the adjacent phetorry >,
try near the gap in coverage that would suggest a fading evéee
had occurred. The latter point is supported by the photonudtr

the third OGLE-IIl season which monotonically increasebea Fig. 4. OGLE-IIl I-band (left) andV-band (right) images of

than decreases towards earlier dates. M 2-29. The same logarithmic scaling is applied in each3D
arcseé image where North is up and East is to the left. The con-
3.2. Small-scale variations touredl-band inset highlights the elongated nebula oriented at a

position angle (PA) of 168that was missed by HZG08.
HZGO08 also claimed to find a short period €23 days dur-

ing the ingress seen in Figl 2. Unfortunately this part of the
M 2-29 lightcurve is very undersampled and HZG08 presented
no quantitative evidence for periodicity. We detrendedshme
data and failed to find any significant periodicity in a Lomb pe | . . .
riodogram (Fig[B). The strongest but statistically ingigant Panion would typically be expected to also occur in the aityc
peak at 31.2 days in Fi@l 3 is highly likely to be a samplinfin portion of the Ilghtcu_rve at light maximum. If a V651 Men _
alias of order one month. A large component of the scatter di5€ Pinary were presentin M 2-29 we should be able to see this
pears to originate from the pipeline as there are large @mndariability. Two well-sampled regions atlight maximum ¢ain-
between the original and reprocessed lightcurves (ingei2Ji g 199 "’_md 456 observations were ex*’?‘m'”ed for_perlodle vari
This further reduces the reliability of the data in this gi 2bility (Fig.[2). Second order polynomials were fitted to leac
Low-level nebular contamination also needs to be consitlergf!ies and subtracted before rejoining the data for pemnadt a
for any contribution as artificial variability can be impiéa YSIS- F|gurd;5 shows no significant periodic varlab|I|ty$HBt_
on non-stellar sources in the stellar-optimised OGLE réidoc &t light maximum. We also rule out the presence of pulsations
pipeline (Wozniak 2000; Miszalski et al. 2009). Miszalgti 2POVer = 0.02 mag with timescales of a few days or less which
al. (2009) showed lightcurves of some particularly brighteP '€ Somewhat common amongst Of(H) nuclei (Se¢. 5.1; Handler
which showed artificial periods of one year. In M 2-29 the 1998, 2003). Although the MACHO data are of lesser quality
band nebular contamination is weak enough (Big. 4) to caase§PMpared to OGLE, we nonetheless searched for periods up to
problems for the pipeline but it is certainly not absent (HEBs 1000 days at light minimum but found no significant variaili
The purported appearance of periodic variabibityly dur- (Fig.[5).
ing ingress by HZGO8 is also inconsistent with the litghteur We conclude that M 2-29 does not have a close irradiated
If this were the case we would expect variations to arise ontynary companion with PS 1 day (e.g. Miszalski et al. 2009),
from pauses in dust formation as in some WC9 stars (Veen etradr does it have a close V651 Mon-like companion witk P
1998). Otherwise, variability due to pulsations or a clogme weeks (e.g. Méndez et al. 1982).
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Fig.5.Same as Fid.]3 but for the detrended OGLE-Il and OGLE- : : ' : . : 3 : "
Il data at light maximum (left column) and the MACH®
(blue) andR (red) data during light minimum (right column).
All marked peaks in the OGLE data are sampling aliases of 6 or
12 months, and 1, 2 or 3 days. These peaks are absent fromRige6. TheHSTF656N (Hy+[N I1]) image of M 2-29 (HZGO08)
less frequently sampled MACHO data. overlaid with approximate positions (dots) and footprititges)
of the FLAMES mini-IFU for exposures in the grating settings
LRO1 (blue), LRO2 (cyan), LRO3 (green), and LR0O5, LR0O6 and
LRO7 (red). Diterential atmospheric refraction shifts thex 3"
mini-IFU between each exposure and from the reported centre
(white cross). The approximate mean seeing (FWHM) is shown
3.3. OGLE V-band data by circles of diameters 0.8§solid) and 0.84 (dashed) for non-

. . . ... LRO3and LRO3 exposures, respectively.
Having ruled out a close binary companion, there is still sgpo

bility that a wider companion may be present. Sparser OBLE

band data for M 2-29 are well-suited to look for colour chang ; ' ;

due to a companion (Zebrun 1998; Pigulski et al. 1993; Fig.% VLT FLAMES integral field unit spectroscopy of
of HZGO08). The severe nebula contamination (Fig. 4) leads usM 2-29

to suspect the pip_eline p_rocessed data may be U”re”am‘s(s%pectroscopic observations of M 2-29 were made by BM
3.3 and 3.4 of Mlsza_tlskl et al. 2009). Using the SPectroscopy,d AA on 11 June 2007 under visitor mode program
of P91 and P92 we fin¥ = 155+ 0.1 mag by comparing the 579 p-0764(A) with the FLAMES facility of the 8.2-m VLT
flux at 15480 to the equivalent in Vega. Remarkably, this mag;1o/kyeyen (Pasquini et al. 2002). Within the’ 2Bameter field
nitude agrees well with th¥-band magnitudes at light maxi- 5 view FLAMES can deploy 15 miniature integral field units
mum as remeasured by HZG08 despite the higher uncertag]{ymi_”:US) to observe science targets, with another 18mei
with application of the dference image anaylsis method (Alardy sky measurements. Each mini-IFU consists of an array of
& Lupton 1_998) to the heavily nebula contaminatéthand da_ta 20 square microlenses, each 0/52 side, giving an fective
(Fig.[4). This may be aresult of the careful nebula subtadty e cangular aperture o2 x 3” with each corner being inactive.
HZG08 and so we can frust their reprocesgeoand lightcurve. v 229 was observed with a mini-IFU centred at approximately
We must however assume that no deep minimum occured dyr-_ 18'06M40.85, 5 = —26°5455.8” that was placed 9'9
ing the P91 and P92 epochs and this is reasonable given & 13fom the centre of the FLAMES pointing at= 18"07M17.81°,
percentage of time spent at light maximum. § = —27°0025.3". Coordinates for the centre of M 2-29 were
The depths of the fading event dre-1.3 mag and/ ~ 2.1  chosen from the SuperCOSMOSurvey (SHS; Parker et al.
mag. A colour change also occursVin- | from 0.7 + 0.1 mag 2005) images which have a world coordinate system accurate
before minimum to B mag during minimum. Could this be dueto 0.3’ rms. The non-configurable position angle (PA) of the
to a companion? Assuming this change is solely caused by thai-IFU was 165.84 degrees. At this orientation the mii|
dust produced during the event givé®/) = 2.1 mag. This cor- favourably includes the central star and a substantial autnmfu
responds toA(l) ~ 1.3 assumingle; ~ 8100 A inferred from the surrounding nebula emission (Hig. 6).
the mean extinction curve of Cardelli et al. (1989). Thisreadf Table[2 summarises the exposures taken at light maximum
A(l) is more suitable thane ~ 9000 A for the OGLEl-band (Fig. [2) with the GIRAFFE spectrograph equipped with the
since forV — | < 2 mag there is negligible fierence between 2kx4k EEV ‘Bruce’ CCD. We used six of the eight avail-
the OGLE and Landolt systems (Udalski et al. 2002)./k) able low-resolution grating settings: LR0O1, LR02, LRO3,0R
matches thé-band depth of the fading event we cannot use thdr06 and LRO7 to yield two continuous wavelength ranges of
OGLE colours to infer the presence of a companion. Additiona697-5074 A and 5722-8314 A. The wavelength range, resolv-
colour information or ideally NIR spectroscopy during tveet ing powerR (1/A1) and exposure times made in each setting are
would be required to investigate this further as the MACH®O-ph given in Tab[2. Longer exposure times in bluer settingsetd)
tometry are of insflicient quality. the faint temperature sensitive diagnostic lines [O1#B63 and

Ao (arcsec)



6 B. Miszalski et al.: The influence of binarity on dust obsdiom events in the planetary nebula M 2-29 and its analogues

Table 2.Log of M 2-29 VLT FLAMES GIRAFFE observations. Table 3.M 2-29 CSPN properties.

Grating setting A(A) R(1/A1) Exp.(s) uTC Property Value
LR0O2 3948-4567 10200 600 01:17:40 Spectral type Of(H)
LR0O2 3948-4567 10200 3600 01:28:42 \ 15.50
LRO5 5722-6510 11800 1800 02:29:44 Terr (KK) 50+ 10
LRO6 6420-7168 13700 900 03:01:03 log g (cm s2) 40+0.3
LR0O6 6420-7168 13700 120 03:17:00 M (Mg) 0.60328
LRO7 7075-8314 8900 600 03:19:57 Gravity distance (kpc) 61@15
LRO1 3607-4085 12800 1800 03:31:08 Voo (km s < 1200
LRO3 4486-5074 12000 1800 04:02:19 M (M, yr1) ~10°
LRO3 4486-5074 12000 120 04:33:17

the dense stellar core is mordfiiult because of the smalk3”
[N 1] A5755 required to measure high-quality chemical abumini-IFU footprint. An ideal position would be the SE corrwdr
dances (Sedf._8.3). Shorter exposures were not considereal athe mini-IFU, however dferential atmospheric refraction pre-
lines were found to be saturated in the longer exposures. Tades coverage of blue wavelengths in this region. As a com-
simultaneous arc lamp was turneff except for spectrophoto- promise we have selected an average of two spaxels pergratin
metric standard star exposures. The average seeing asrgditisetting to cover the region on or just beyond the northern rim
were 0.6&0.08" (FWHM) excluding the 1800 s LR0O3 expo-
sure (0.840.19"). The airmass ranged from 1.83 to 1.03 with
changes during exposures limited40.1 or less, with the ex- 2 The central star of M 2-29
ception of 0.39 for the 3600 s LRO2 exposure. Sky transp&reng ;  cjassification

was generally poor with thin to thick clouds present (refiux
rms of 0.04—-0.08). Figurel[8 depicts our rectified spectrum of the CSPN with many

The science frames were reduced with the IRABsk common featuresidentified. Overallthe CSPN is a hot posBAG
poriBERs after standard initial processing usiogreroc. We ef-  star with He Il absorption lines as first shown by P91. Our de-
fectively removed the electronic glow defect of the ‘BrueD rived and estimated properties of the CSPN are summarised in
by including dark frames of the same duratiorcimeroc. All  Tab[3. No features that could be assigned to a companioarstar
science frames were cleaned of cosmic ray events (CREs) wagen. A TMAB NLTE model atmosphere analysis (Werner et al.
the excellent L.A. Cosmic program (Van Dokkum et al. 2001£003; Rauch & Deetjen 2003) was applied to yiéld = 50+ 10
Aperture identifications were madennrsers using fibre infor- KK from weak ionisation equilibrium of N IV and N V lines and
mation provided in the OzPoz and FLAMES binary table e surface gravity of log=4.0+0.3 cm s from He Il line wings.
tensions with particular care taken to not misidentify osmi Our Ter is consistent with the total absence of nebular He I
place any apertures. Low order polynomial fits were made nission ande; < 40 kK is unlikely as there are no He | ab-
an average fibre flat field that was later divided through all igorption lines. The model normalised mass fractions used we
dividual flat field spectra. All science spectra were theridgid  close to the solar values: H (7.4480™%), He (2.505%10%), C
by their corresponding normalised flat field spectrum. Ther a(2.169<10°%), N (6.208<10™*) and O (5.37910°%). An addi-
lamp spectra were also extracted and a wavelength solusn wonal H-deficient TMAP model was also attempted but no ad-
generated and applied to science spectra in the standardswayequate fit could be reached. With lggknown the distance to
ing arc lists sourced from the ESO FLAMES pipeline. M 2-29 may be estimated following the procedure of Heber

Flux calibration was provided by reducing in a similar fashet al. (1984). We estimate the CSPN mass to 80'§7° Mo
ion the sub-dwarf O star Feige 66 (Oke 1990) taken with tﬁ@m the eVOlUtionary tracks of Miller Bertolami & Althaug e
same field plate earlier the same night (albeit with éiedént al- (2006) and take the monochromatic fluxia@54 from our
IFU). All 20 fibres were averaged to form a combined FeigMAP model. A distance of 85 kpc is found where the er-
66 spectrum from which the sensitivity function was derivedors are dominated by the uncertainty in ipg
Spectra belonging to each grating setting were then flux cal- Apart from the improved resolution of previously known
ibrated individually. Determination of a smooth spectroph Stellar He Il and C IV features (P91; P92), our deeper FLAMES
metric response across all individual settings is disaligsgher Spectra show many stellar emission lines of Si Il, Si Ill, i |
in Sect[6.B. N IV and N V that are seen for the first time (F[d. 9). These

Figure[T shows the spaxels selected for extraction of an 4@atures were identified as stellar because of their lamgeive-
erage CSPN (S) and outer nebula (N) spectrum. In each grati@gt widths compared to the sharp, narrow nebular linesioll
setting an average sky spectrum is subtracted which comes frind Fig. 4 of Méndez et al. (1990). Winds are not incorpatate
15 dedicated sky fibres uniformly distributed in the 12iEm- into the model so not all emission lines are fit. The pecuiarl
eter FLAMES field-of-view. The selected CSPN spaxels weRarrow C IV emission lines for example are relatively common
those four with the highestS in the continuum. There are mul-in hot, windy post-AGB stars including30% of the symbiotic
tiple components to the CSPN spectrum including photosphegtars studied by Mikotajewska, Acker & Stenholm (1997). The
absorption and emission lines, a dense circumstellar aeimd H-rich composition means that we can definitively rule out a
the surrounding larger nebula. Obtaining a representatéibela [WR] classification. The narrow He 4686 in emission with
Spectrum for chemical abundance measurement§agtad by FWHM=3.7 + 0.2 A and H-rich atmOSphere classifies M 2-29
as Of(H) under the well-defined scheme of Méndez et al. (1990

3 |RAF is distributed by the National Optical Astronomyand Méndez (1991). M 2-29 meets all the requirements for an
Observatories, which are operated by the Association ofiddsities Of classification, i.e. He 114686 FWHM< 4A, non-blueshifted
for Research in Astronomy, Inc., under cooperative agre¢mih the
National Science Foundation. See hffmaf.noao.edu 4 httpy/astro.uni-tuebingen.gerauchiTMAP/TMAP.htm|
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LROT LROZ LROS

Fig. 7. Selected spaxels averaged to form the CSPN (S) and outdar{@jspectra in each grating setting. Lighter colourséatk
higher average intensity per spaxel reflecting the centaalpsition. Contours are chosen to show the main nebulart=a(Fig.

He 11 24200,14540 in absorption and symmetrig/tdbsorption.
An upper limit tov,, = 1200 km s* for M 2-29 may be inferred
from the spectroscopically similar NGC 6826, = 50+ 10
kK, log g=3.9+0.2) which straddles the Of and higheg Of-
WR types (Méndez et al. 1990; Pauldrach et al. 2004).

5.2. The broad Ha profile

Miszalski et al. (2009) first remarked upon the very broad H
profile which has a full-width at zero intensity (FWZI) 62000
km s (Fig.[10). Broad K profiles are relatively uncommon in
PNe with only a few known including the aforementioned NGC
6826 (e.g. Kudritzki et al. 1997, 2006; see also Kudritzki 84 Q@g
2000). Kudritzki et al. (1997, 2006) derived mass-lossgate oo Ssoo o so . tooo
108-107 M, yr~* for these CSPN by fitting their & profiles.
Larger mass-loss rates correspond to strongepidfiles. In the
case of M 2-29 we therefore estimate the mass-loss rate to be ]
~1076 M,, yr! to produce the larger than normakhprofile for Fig. 10. Ha profile for CSPN (top) and outer nebula (bottom).
PNe. Our estimate requires confirmation through detailed-mol he top profile has beerffset vertically to match the lower one.
elling. Itis encouraging that Gesicki et al. (2010) founel §ame
rate is required to reproduce the kinematic age of the inabf n ) ) ) .
ula, but they did not identify the CSPN as the responsiblesmad geometry for M 2-29 consistent with this result. Secfibnil8 w
losing star. As there appears to be no luminous AGB star coffiscuss further similarities with symbiotic stars.
panion in M 2-29 the mass-losing star must be the Of(H) CSPN.

Broad Hx profiles are more commonly observed in symbi ” iccinm [i
otic stars (Van Winckel et al. 1993; Munari & Zwitter 2002)5'3' Silicon emission fines
where they originate near the hot primary (Quiroga et al2200There are three ionisation stages of Si visible in our deep
Skopal 2006 and ref. therein). Skopal (2006) studied th@td- FLAMES spectrum, e.g. Si 15041,15056, Si [1114552,15739
files of symbiotic stars during their active and quiesceratsgis (Fig.[d) and Si IVA4654 (Fig[9). They are typically found in
to find mass-loss rates of 18-10® M, yr-*and~108 My yr~1, late [WC] type nuclei where they can reflect an extreme over-
respectively. The geometry of the mass-loss was also nestlelhbundance of Si (Leuenhagen & Hamann 1998; Hultzsch et al.
by Skopal (2006) and found to likely be in the form of an opti2007). Hultzsch et al. (2007) modelled the spectrum of M 1-37
cally thin bipolar outflow. Gesicki et al. (2010) suggestedls to find a Si overabundance of 28 times solar! There appears to

Fi (107" erg em™2 s71A7Y

Velocity (km/s)
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Fig. 9. FLAMES spectra of key regions with stellar emission lines andituse interstellar band (DIB) labelled. Emission lines
from the inner nebula of N 111, C Ill, O Il (see Figl 8 and Mérmet al. 1990 for identifications) and [N 5755 are also present.

be no explanation for this as Si is not expected to be enriblgeddisk might help explain the presence of the low ionisatiofl Si
AGB nucleosynthesis (Werner & Herwig 2006). Leuenhagen &pecies around the 50 kk CSPN.

Hamann (1998) suggested the overabundance may be evidence

for additional mixing but could there be another explanz®io .

The presence of a silicate-rich dust disk in M 2-29 (S8ctotjet  2-4- Interstellar absorption features

potentially explain this perceived overabundance. We dpée ost absorption lines not fit by our TMAP model areffdse

that the Si lines are formed via some interaction between t :
; . S ; erstellar bands (Herbig 1995). The Na | D1 and D2 absorp-
CSPN wind and the dust disk. Shielding supplied by the dugl jines are resol\(/ed int% three)components each. Gesficki P
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(2010) claimed a component¥te = —100 km s! was caused Table 4.Integrated fluxes of M 2-29 uncorrected for reddening.
by a superposition of the high velocity cloud (HVC) 0020%.2

that lies 3.4 away from M 2-29 withVjs; = —88 km st (Putman Line A92 K11 SHASSA HST

et al. 2002). The authors missed a closer HVC 0002 (3.3 —log F(HB) 12.18 12.14 - 12.34 (12.27)
away) withVis; = +206 km s'. As these clouds measure only —log F[Olll]) 11.47 11.45 - 11.65 (11.59)
~0.2x0.2 degrees across on the sky there can be no line-of-sight —log F(Ha) 1146 - 11.50  11.58 (11.50)
superposition.

We measured equivalent widths (EW) of 0.82, 0.89 and 1.41
A forthe Na | D1 lines, all of which lie in the saturated regiofe

the EWE(B-V) relation Munari & Zwitter (1997). No estimate 0.01 dex to remove the smak (2%) contribution from [N 1]
of E(B-V) can therefore be made fromthe Na | D1 lines. Munagimission in the filter bandpasses. TH8T fluxes appear to be
& Zwitter (1997) dfer K 1 17699 as an alternative indicator alsystematically fainter than ground-based measuremerithwh
higher values oE(B— V), however our low resolving power andmay be explained by the higher spatial resolution.

shallow exposure time in LRO7 prevent its use here. Distance gjnce the same aperture was used in each image we consider
estimates from the Na | lines are also impractical towards th, . 1, o [0 111] ratio to be reliable. We therefore fingl= 0.95+
Galactic Bulge"given the complex nature of randomly distiehl 0.05 from the averagelST derived value of ld/HB = 5.82 (TaB.
dust clouds (Kdppen & Vergely 1998). [4). This value corresponds ©(B — V) = 0.65 or Ay = 2.0
and is free of any contribution from the CSPN or inner nebula.
Table[4 also explains the higher= 1.18 measured by HZGO08.
Comparing the CSPN-inclusivedHflux to the CSPN-free Bl
6.1. Reddening and integrated fluxes flux gives Hy/HB = 6.92 orc = 1.18. The stellar 4 emission

is clearly distorting the value obtained by HZG08. The highe

The Iogarithmic extinction at Bl c, varies somewhatin the.small uality of the P91 spectra could explain the better agreémen
amount of literature on M 2-29. Ground-based longslit spe&mh their value ofc = 0.97.

troscopy values include 0.82 (Acker et al. 1992), 0.97 (FP2R)
and 1.18 (HZGO08). A value of 1.05 was measured froffialilt
to calibrate fibre spectroscopy (Exter et al. 2004), whiterttul- 6.2, Distance and ionised mass
tiple grating settings of our FLAMES spectra make them ursui
able for measuring. An independent measureois required to  With our reddening o€ = 0.95+ 0.05, measured angular diame-
check these values given the strong stellarethission from the ter of 50x 4.8 arcsec at 10% of peak intensity and an integrated
CSPN that may have contaminated previous measurements. Gneflux of —log F(Ha) = 11.58 (Tab[#) we estimated the dis-
method involves the use of suitable emission line fluxes ef thance to M 2-29 using the disurface brightness-radius relation
whole nebula. This method includes an [O 1l1] t@ldonversion (SBR) of Frew & Parker (2006). The average relation suitable
which requires the [O 1ll] and b emission to be reasonablyfor M 2-29 gives a distance of. 7+ 2.3 kpc. We adopt a final
co-located. This is confirmed after inspection of 48T im- distance of Z + 1.8 kpc which is a weighted mean of the grav-
ages and helped by the small magnitude and variation of [N ity distance (Sect.5l1) and the SBR distance. M 2-29 is fhexe
(16548+16583)YHa across the nebula (0.05-0.2). a Galactic Bulge PN entirely consistent with its Galactiort-
Table[3 lists integrated & HB and [O 111] 15007 fluxes of nates (PN G004:03.0) and small radius.
M 2-29. Fluxes measured by Acker etal. (1992, A92) are lahgsl The ionised mass of the nebula can now be calculated
values scaled to the whole nebula. Other fluxes were measungtich can generally serve as a useful discriminant betwéan P
directly from an [O Ill] imaging survey of Galactic Bulge PNeand symbiotic nebulae. Santander-Garcia, Corradi & Mampa
(Kovacevic etal. 2011, K11), the Southerar Bky Survey Atlas (2007) note typical ionised masses of 40102 M,, for symbi-
(SHASSA, Gaustad et al. 2001), artST F502N and F656N otic nebulae and 0.1-1.Bl, for PNe. Frew & Parker (2010)
images (HZGO08). TheiST fluxes as listed exclude the CSPNgive a range of 0.005—-81, derived from a larger sample of
while values in parentheses include the CSPN. Tefltixes PNe. Symbiotic nebulae typically have smaller masses sirece
were calculated using [O lIR5007HB = 4.86 (an average of nebula forms from the tenuous wind of the evolved companion
our FLAMES spectra) in all cases except Acker et al. (1993kee Corradi 2003 for further discussion), but this metlsaubit
The procedure for obtainingd-fluxes from aperture photometryfoolproof because some symbiotic nebulae can reachvi}, 1
of SHASSA data is described by Frew, Parker & Russeil (200§5antander-Garcia et al. 2008). Using the formula of Bokta
For the HST fluxes we obtained the science-ready pipeling-996):
reduced images from the MAST arcHiveAperture photome-
try was performed with radii of 60 pixels (2.78and 8 pix-
els (0.36) chosen to cover the whole nebula (including CSPN'“E*’(MO) = 4.03x 10"/ 2/ 2Hp Y 272 @
and inner nebula) and the CSPN and inner nebula, respsctivel
Surrounding annuli of width 10 and 2 pixels were used to sul¢hered is the distance (#+1.8 kpc), H3 is the dereddened flux
tract the sky and nebula contributions in each case. Flux cf.46 x 107! erg cm? s71), @ is the nebular radius (4’9, and
culations followed the WFPC2 Photometry Cooklbtiat im- € = 0.3 is the volume filling factor. This gives M, = 0.08+0.05
proves upon Holtzman et al. (1995). KnomtST sensitivities M which lies in between a symbiotic nebula and PN but is more
and rectangular filter widths of 35.82 A (F502N) and 28.33 Aonsistentwith a PN. The nebula does not resemble thosadrou
(F656N) were used to find the final sky-subtracted flux in eadhtype symbiotic stars (e.g. Corradi 2003), however thetipiel

aperture. Both SHASSA anldST Ha fluxes were adjusted by nebulae present are shared with D'-type symbiotics in wttieh
outer nebula is presumably ejected by the white dwarf (see Se

5 httpy/archive.stsci.edhst [8). There is therefore no reason to suspect the nebula around
6 httpy/www.stsci.edghstwfpc2/wfpc2 fagwfpc2 nrw_phot fag.html M 2-29 is not aplanetarynebula.

6. Nebula properties of M 2-29
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= A Table 5. Emission line intensities of the outer nebula
om
2 identification 0 1ol
L£01r . HT13712.0 093 164
T [S1]3721.9 1.85 3.24
K=z o [O11]3726.0 21.28 37.32
0 . . [O11]3728.7 11.90  20.85
o H13734.4 1.55 2.71
° H13750.1 1.66 2.89
H13770.6 2.05 3.53
0.1 - § [S 111] 3797.8 276 470
He 13819.6 080  1.35
H13835.4 4.03 6.77
P R P - P IR [Nelll]3868.7 14.62  24.20
4000 5000 60|00 A 7000 He 1 3889.0 10.47  17.19
Wavelengt He 1 3964.7 0.88 1.39
[Ne 11]] 3967.4 4.45 7.04
Fig. 12.Residual H | emis_sion line intensities for Case B cpndi- :el ?238'912 %)7212 %215
tions andc = 0.95. The slightly larger scatter at< 4000A is He | 4026.2 1.30 2.00
consistent with the lower intensities of these lines anddiffe Hé 4101.7 17.13  25.49
culty of instrumental and flux calibration at these wavetbesg 0 114120.8 0.17 0.25
He | 4143.8 0.21 0.31
C114267.0 0.22 0.30
6.3. Chemical abundances (H37”4j’;?é?6 3838 45_'{?
M 2-29 has long been considered a halo PN because of its low O114349.4 0.11 0.14
oxygen abundance of#+ 0.1 dex derived from ground-based E?l:lggdésgg'l %%% %%21
longslit spectroscopy (P91; Exter et al. 2004). This anoma- , ' ’
gshit Sp Py P9 ; He 1 4387.9 058 075
lously low abundance ientirely the result of low spatial reso- He | 44715 4.59 566
lution ground-based observations averaging over the gpa- He | 4713.2 0.65 0.70
tial variation of [O 1ll] 1436345007 (TP97; Miszalski et al. HB 4861.3 100.00 100.00
2009). TP97 measured an O abundance of 8.5 dex &M He 14921.9 1.51 1.46
spectroscopy of the inner nebula and yet it is still incattyere- [O1]4958.8 176.03 167.05
ferred to as a halo PN in the literature (Otsuka et al. 2008z Lu [O11]5006.7  562.33 520.10
et al. 2010; Stasifiska et al. 2010; Schonberner et al.)2ab0 He | 5015.7 297 273
settle the issue we have recalculated the chemical abueslahc [N 1] 5754.5 0.71 0.46
M 2-29 from our spectrum of the outer nebula. EDG I; ggggz 211'7255 1039259
Figure[11 displays the joined FLAMES spectra of the outer [S1il] 6312.0 1.44 0.78
nebula and the inner nebula. Note the dramatitedénce be- [0 1]6363.6 0.62 0.33
tween the outer nebula and the core which shows much stronger [N 1] 6547.9 26.81 13.37
[Ne 111], He 1 and [O 111] 4363 emission lines in addition tanles Ha 6562.8 578.63 287.28
not seen in the outer nebula (e.g. [K I¥$102, [CI IV] 17530, C116578.0 0.81 0.40
8045). Here we focus only on the outer nebula for which it is [N 11] 6583.3 8453  41.70
more straight-forward to calculate abundances. Even #ter He 16678.2 9.09 435
calibration of the six individual spectra there are stiliroun- [S1]6716.4 4.48 212
determined fisets between them. Thesf#sets were found by LS ”|]76076351§ 170'45% 3;15521
fixing ¢ = 0.95 (Sect[6.11) and fitting the H | and He | emission [Aer M 71356 2762 1161
lines to their expected Case B intensities assuming a Hawart He 172814 1.77 0.72
(1983) reddening law. Figufe112 shows the results for H | and [O 1] 7320.0 4.62 1.85
demonstrates the corrected spectrophotometric solugicmit- [O 1] 7330.0 3.97 1.59
able for abundance determination. Table 5 lists our coecect [Ar 1] 7750.9 3.95 1.43

emission lines intensities before and after dereddening.
The measured line intensities were analysed via the plasma

diagnostic program HOPPLA (Acker et al. 1991; Kdppen et sgXcept for neon. OU( measured oxygen .abundance of 8.3 dex is
1991; see also Girard et al. 2007). The extinction constarst wWoW but entirely consistent at therdevel with an average Bulge
fixed toc = 0.95 and an iterative process was used to coRN (Cuisinier et al. ZQOO). There is now no reason to consider
sistently derive the electron temperaturesTef[N 11]) =8980 M 2-29 as a Halo PN since the oxygen abundance is aalgéx

K, Te([O 11]) =10500 K and an electron density = 2220 lower than Solar.

cm3. Application of the usual ionisation correction factors al
lowed for the derivation of the elemental abundances indhe f 5
mat 12+ log(X/H) in Tab.[8. Tablé 6 includes for comparison
abundance measurements of M 2-29 from P91, TP97, ExtefTéie large 70 AU radius at which dust forms around M 2-29 sug-
al. (2004, E04), as well as average abundances for Bulge Piéssts the presence of a dust disk similar to EB&8032 (Sect.
(Cuisinier et al. 2000) and Solar abundances (Asplund et [@). and this is also supported by NIR and MIR observations.
2005). Overall the abundances are in good agreement witii TRBesicki et al. (2010) showed an archigpitzerIRS spectrum

. Dust properties of M 2-29
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Table 6. Chemical abundances of M 2-29. Table 7. NIR, MIR and FIR fluxes of M 2-29 uncorrected for
reddening.
Element P91 TP97 EO4 thiswork Bulge Solar
He 10.97 - 11.00 11.02 10.90 10.93 Band Acen (um) _FIUX (mMJy)
N 7.2 7.9 7.2 7.8 8.2 7.8 SMASSJ 1.23 4.4
(e} 7.3 8.5 7.5 8.3 8.7 8.7 2MASSH 1.66 41
Ne 6.7 8.0 6.8 7.4 - 7.8 2MASSK, 2.16 7.9
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Fig. 13. Archival SpitzerIRS spectrum of M 2-29. Crystalline  Longward of theKs-band there is a strong excess which we
silicate features are identified (see text) and the IRS spmcat attribute to thermal emission by dust grains. We followee th
bluer wavelengths can be found in Gesicki et al. (2010). dust fitting procedures common when handling dusty WCL Pop-
| WR stars in the use of Colangeli et al. (1995) laboratory-mea
] ) . surements of the wavelength dependence of amorphous carbon
of M 2-29 covering 5.7-14.2m. A peak at 11.3m was identi- qust (e.g. Williams et al. 2001). Our results are shown in Fig

fied by the authors as a polycyclic aromatic hydrocarbon (PA[Z for coherent combinations of the available photometryeas
band, but the absence of other bands at 6.2, 7.7 anadig in-  scribed below.

consistent with this interpretation. The same feature isaed . o

in the D'-type symbiotic HD 330036 by Roche, Allen & Aitken Inthe MIR _there are two fo_rtu_ltous combinations of phot_om—
(1983) which they attributed to SiC dust. Figiird 13 shows tff&"Y from two independent missionsiSX observed M 2-29 in
IRS spectrum at longer wavelengths after basic pipeliriereal 19967 during the obscuration event, wiipitzerlRAC reob-
tions and reductions were applied. To identify crystallgie  S€rveditin 2005-6 at light maximum. M 2-29 is not listed ie th
cate features we compared the IRS spectrum of M 2-29 with tj@int source catalogues MSX(PSC2.3) nor in the GLIMPSE-

features identified in the 1ISO spectrum of NGC 6302 (Tab. §Source lists ofSpitzer Therefore, we measured M 2-29 in the
of Molster et al. 2001) and in a set of evolved stars (Tab. 1 gpSolutely calibrate@SXimages in all four long wavelength

Molster et al. 2002). We note the clear presence of the follo}2nds (8.3-21.Am). Likewise we obtained photometry in the

ing minerals (features with/S above 30): Forsterite (23.7, 27.6,/0ur IRAC bands (3.6-8.0m) to which we applied the appro-
31.2 and 33.6m), Diopside (25.0, 29.6 and 32.2n), Enstatite Priate aperture corrections, and the MIPSa4 band whose
(24.5 and 34.9m) and a feature at 34:m described as a com- diffuse absolute calibration is equivalent to thaM8X (Cohen
bination of Forsterite and Diopside. The silicate rich casip 2009)- Fitting blackbody distributions to the data we findtie
tion alone is not enough for a dual-dust chemistry (Coher. et g0Scuration event 300K grains match all 18X points, while

2002) which cannot be assigned to M 2-29 as there are no str(ﬂ";’éSi.de of this both warm (550K) and cool (100K) grains are
PAH bands at bluer MIR wavelengths. reduired to match the double peaked SED.

Table[T contains available near-, mid- and far-infrareddéfux ~ The earliest relevant FIR data are thoséR#Staken during
from many ground and space-based missions (Beichman et1883. Two dust components can be seen but from vefgrdint
1988; Price et al. 2001; Skrutskie et al. 2006; Churchwell &gmperatures than those observedmjtzer IRASrequires 200
al. 2009; Carey et al. 2009; Ishihara et al. 2010). The core kKfand 60 K grains to fit the 12—-66m excess emission and, of
M 2-29 as detected by 2MASS has colodrs H = 0.41 and course, it cannot observe the warm components seed®X
H - Ks = 0.17, well within the region occupied by PNe andand SpitzerlRAC. The IRAS25 um detection of 2.0 Jy (based
substantially below the area that characterizes the D-gype on observations over a 6-month span) makes an interesting co
biotics (e.g. Corradi et al. 2008). The steepness of thealpti parison with bottspitzerMIPS 24um in 2005-6 (1.15 Jy) and
NIR spectral energy distribution excludes a major contidsu AKARIs All-Sky Survey 19um flux of 1.18 Jy during 2006—7.
by free-free emission from the wind of the hot CSPN. We hawl three FIR measurements were made at light maximum. The
therefore subtracted the stellar photospheric contdbutthich  recentAKARI and Spitzerdata are in excellent agreement and
we normalized in the optical. The Rayleigh-Jeans tail o§ thtonfirm a real change sindBAS whose bright 25um observa-
starlight dfectively removes any possibility of a credible excesson has an uncertainty af11%. Note also that the temperature
of NIR emission (i.e. from a stellar companion), even dejramnd of the cool dust also cooled during this period. These chaiage
on 2MASS data alone. But we emphasise this does not rule aigarly consistent with the high mass-loss rate of an e\atjy
the existence of a companion of sub-giant luminosity ortéain dust disk.
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Fig. 14.MIR and FIR energy distributions measuredIBASin 1983 (left panel)MSXin 1996-7 during the main obscuration event
(middle panel) an&pitzerin 2005-6 (right panel). Blackbody fits of 20080K (IRAS, 300K (MSX) and 550K110K (Spitze} are
also shown.

8. Similarities with yellow symbiotic stars has since been found to have a double-degenerate closg binar
CSPN (Santander-Garcia et al. 2010). We discount thisiposs
H?Iity for M 2-29 as we found no evidence for a close binary
ect[32). A more feasible scenario may be a very wide main-
sequence companion as in EGB 6-like CSPN (Frew & Parker

. L 010; Miszalski et al. 2010a). The archetype of this class ex
in M 2-29. The closest sub-group of symbiotic stars to M 2-2Qpits' a dense circumstellar nebula around a resolvedMate-

are the yellow or D’-type symbiotics (Schmid & Nussbaumen,ain_sequence companiandcool dust aff ~300 K despite the
1993). Examples include AS 201 (Kohoutek 1987), VA71 P&lighy evolved nature of the CSPN (Liebert et al. 1989; Fighir
StHe 190 and HD 330036 (Schmid & Nussbaumer 1993k jehert 1993; Bond 2009: Su et al. 2010). If this dust did
Instead of the usual M-type giant or Mira companion of D-§/pe ot grvive from the AGB phase, then the only explanation for
D’-types have_y_ellow G-type giants (B_elqzynskl et al. 2§300it5 presence would be ongoing interactions with the congrani
They also exhibit much cooler dust emission (200-400 5? th&his may involve a mismatched interacting wind (Kenyon et al
D-types (800-1000 K), a dense nebulaaf ~ 1°-10" cm™,  1993: Nusshaumer 2000; Miszalski et al. 2010a), howevsishi
and a relatively cool WD offer ~ 50-60 kK. In this work we pighy yncertain given the limited understanding of widedsy
have demonstrated M 2-29 shares all these properties eXtepinaractions in general. It is interesting to speculaté E@B 6-
the yellow giant companion. o like CSPN could be the final evolutionary stage of M 2-29.

The evolutionary status of D’ symbiotics is discussed by 5. way to unambiguously identify symbiotic stars is the

Jorissen etal. (2005). Their WD components are thoughtie haye e ction of the Raman scattered O VI line26825 andi7082
recently evolved from the AGB which explains the remnantduESChmid 1989). Unfortunately, the Iofer = 5060 kK of M 2-

As there is currently no evidence for an evolved companion
the Of(H) CSPN the chance that M 2-29 is a symbiotic st
is remote. However, it is still instructive to draw this coanp
ison to demonstrate that thereimglirect evidence for binarity

nebula surrounded by an oldplanetarynebula thought to be

ejected by the WD. Interaction with the wind of the cool gianjcient hut not necessary condition for a symbiotic starsifas

companion creates the dense inner nebula. There is a smsall pQtion Furthermore, even if M 2-29 had & primary hot enough
sibility this is happening in M 2-29 if an obscured yellow suby, gxcite O VI, the curious appearance of the Raman lines in
giant is present. A sub-giant would not yet be luminous elOUQ e cjr only during obscuration (Mennickent et al. 2008) means
to rival the luminosity of the Of(H) CSPNMy = —0.9 mag e might not expect to see them at all during light maximum
at 7.4 kpc), especially if there is some additional obséamat \hen our VLT FLAMES spectra were taken. Another interest-

from the dust. This would explain the its absence in our VL; ‘gexample is CI Cygni which never shows the Raman lines and
I

FLAMES spectroscopy. Dusty cocoons appear in the symbioj y episodically shows [Fe VII] lines (Mikotajewska & s

stars RX Pup (Mikotajewska et al. 1999), other symbioticadir 5531y | ong-t t i itoring of M 2-29 Si
(Gromadzki et al. 2009), the S-type yellow symbiotic AE Ciﬁarly )rév(ég?e\i:jrre]r?c?: gfrgsccoorﬁg:anr:i%rx.orlng ° may-=im

(Mennickent et al. 2008), and even in some single C-rich Mira

like R Vol (Whitelock et al. 1997). All of these share with M 2-

29 similar depths and durations of fading events due to fR¥ét. 9. Conclusions

Pup is a particular interesting example where during olsgmm

all photospheric features of the Mira disappear (TiO bandisé \We have studied the three PNe whose CSPN are known to show

optical and CO bands in the NIR), although pulsations cdh stjust obscuration events: Hen 3-1333, NGC 2346 and M 2-29.

be seen in the NIR. Analysis of the lightcurves suggests a binary companiorots n
There are other explanations for dense inner nebulae in Pidsponsible for triggering the events but may be respom éitsl

but they all involve binary CSPN. Rodriguez et al. (2004)rfd establishing the dust disks surrounding their CSPN. A parti

a dense circumstellar nebula in Hen 2-428, a bipolar PN whiahar focus was the unusual Galactic Bulge PN M 2-29 using

Mikotajewska et al. 1997). The Raman feature is thereford-a s
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the definitive OGLE lightcurve, deep medium-resolution VLT may be obscured by dust or hidden in the glare of the Of(H)
FLAMES mini-IFU spectroscopy and infra-red observatioks. My = —0.9 CSPN. Further observations to search for such a
number of misconceptions surrounding M 2-29 were clarified companion are required for a definitive answer.

during the course of the study. Our main conclusions arelas fo
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