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ABSTRACT

High spatial and sensitivity images of the Luminous Blue idale
IRAS 18576r0341 were obtained using the mid infrared imager VISIR at the
Very Large Telescope and the Very Large Array interferometdhe resulting
mid-infrared continuum maps show a similar clumpy and apipnately circular
symmetric nebula, which contrasts sharply with the asymmitat characterizes
the ionized component of the envelope, as evidenced fromatiie and [Nell] line
images obtained with comparable spatial resolution. Iniqadar, there is excellent
overall agreement between the 1208 map and the radio images, consistent with
free-free emission from circumstellar ionized materiargunding a central stellar
wind.

The color temperature and optical depth maps obtained fradvimfrared images
show only slight fluctuations, suggesting quite uniformtduisaracteristics over the
dust shell.

We explore various possibilities to understand the causkeofifferent morphol-
ogy of the dusty and gaseous component of the circumsteNai@e which are com-

patible with the observations.

Subject headings: circumstellar matter— infrared: stars — stars: early-typtars: individual

(IRAS 18576-0341) —stars: winds, outflows
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1. Introduction

During the latest phases of their evolution, high mass stgpsrience significant mass loss,
both through strong stellar winds and eruptive events,dhaés these objects out of the main
sequence through short and poorly constrained instapitigses. The class of Luminous Blue
Variables (LBVSs) consists of luminous (loglly > 5.5) and massive stars that are believed to
go through a short but violent transition from the main sexegowards the Wolf-Rayet stage
(Humphreys & Davidson 1994), although their link to othevaced evolutionary phases of
massive stars such as supernovae is still open (Barlow 20@h; Kotak & Vink 2006). During
their evolution, LBVs lose a huge quantity of mass from thleiginal envelope, leading to the
formation of extended circumstellar nebulae (LBVN), whaosasses are thought to be on the
order of a few solar masses. In the galactic context, degpteelative small number of confirmed
and candidate members, LBVs represent a significant statieeafosmic cycle of matter, as
they contribute to the chemical enrichment of interstet@dium in dust and heavy elements
(Smith & Owocki 2006). The census of Galactic LBVs perforngdClark et al. [(2005) reported
12 dfective members and 23 candidates, but new candidates haemlyebeen identified via
the mid-infrared images of the Galactic plane obtained #ithMultiband Imaging Photometer
for Spitzer (MIPS| Rieke et al. 2004) and the Infrared Arraant&ra (IRAC| Fazio et al. 2004)
onboard the Spitzer Space Telescope (Wachter et all 20 Hdaadze et al. 2010a,b).

The overall scenario of LBV evolution is currently under deband the nebula formation
mechanism, i. e. intensity, duration and geometry of thesah@ss events, is not well established.
The study of the gas and dust content of the nebula which wodothe star may provide
significant clues that will enable us to understand the n@assprocesses that govern its evolution,
as well as the drastic changes that take place in the imneediaumstellar environment
(Umana et al. 2009; Jiménez etlal. 2010). By exploring theratteristic of the mid infrared

continuum emission, which traces the warm dust, and of tbembination lines and radio
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continuum emission, which trace the ionized gas, we carysthelrelationship between these
different components which coexist in the stellar ejecta wighalim of gaining valuable insights
about the formation and shaping mechanisms at work in ticaristellar envelope. In particular,
radio observationsfter the additional possibility to reveal the ionized gas wedide the dusty
envelope and, therefore, allow to determine in great deaspatial distribution without gtering

from intrinsic extinction/(Umana et al. 2005, 2010).

The infrared source IRAS 185#6341 was originally classified as a Planetary Nebula
on the basis of its infrared colors (Garcia-Lario et al. 2)9&nd of the observed 1.4 GHz flux
(Condon et al. 1999). Subsequently, the detection of miidwiad extended emission around this
object (Ueta et al. 2001), together with observations afrgirphotometric and spectroscopic
infrared variability (Ueta et al. 2001; Pasquali & Comerd@®2;| Clark et al. 2003, 2009) and its
position in the HR diagram led to a definitive classificatidmRAS 18576+0341 as a LBV.

On the basis of radiative transfer calculations, Ueta |R8l01) derived a Iog-g =6.4and a
temperatur@ ¢ s = 15+ 9 kK for the central star, which appears surrounded by a aatfidas and
dust characterized by a possiblg0mixed chemistry. Recently, Clark et al. (2009), in a detil
analysis of long term monitoring of the near infrared phodtne and spectroscopic properties of
IRAS 18576r0341, showed that it has been highly variable over the lage20s. Near-infrared
photometric variability greater than one magnitude has lmdxserved with moderate variation in

temperatureAT, < 4.5kK), which is consistent with variations of stellar radius

Multi-frequency VLA observations have revealed an extehdsymmetric, and quite
structured nebula and revealed the central core of the LB\dse radio properties are typical of
a stellar wind, with a current mass-loss of & 10°M, yr-! (Umana et al. 2005). This value is
consistent with those determined by Clark etlal. (2009) ftbenNLTE atmospheric code, which
indicates a variation of the mass loss rate frag1104to 5.2 x 10°M,, yr~! between 2002 and

2006, associated with a decremenfef; from 15.5to 11.0 kK.
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The present work is a part of affert to better understand the physical conditions in a
sample of Galactic LBV nebulae, conducted by using state@tt instruments available at mid
infrared and radio wavelengths. We present the resultsrautdor the LBV IRAS 185760341
by combining mid infrared and radio maps having comparatéeial resolution, obtained using
VISIR at Very Large Telescope (VLT) and Very Large Array (VLA he images allow us to study
the detailed morphology of the circumstellar envelope,roleo to understand the origin of the

apparently contradictory spatial structures seen in theltieg maps/(Umana etlal. 2010).

2. Observations and Data Reduction

2.1. VISIR/VLT Observations

To map the dust distribution in the LBVN associated with IRAS76+0341, we have
obtained high angular resolution and high sensitivity N @and images with VISIR
(Lagage et al. 2004), the VLT imager for the mid-IR mountethatCassegrain focus of the VLT
Unit 3 telescope (MELIPAN). The observations were carrigtian 2007 July 19 and 26 through
the PAH2 filters, centered on known PAH featurgs € 11.26um, A2 = 0.59um) and adjacent
continuum (PAHZ2, 1. = 11.88um, A1 = 0.37um), and in Q1 Q. = 17.65um, A1 = 0.83um).

We also used the Nell filterif = 12.80um, A2 = 0.21um) and its adjacent continuum (Nell

Ac = 13.03um, A2 = 0.22 um) as a tracer of ionized gas to compare with the radio imagkshé
observations were performed under very good and stabléhesatith an optical seeing of about
0.7”. The target was observed at airmasses ranging betweend. 24nWe used a fixed pixel
scale of 0075’, resulting in a FOV of 12 x 19.2”. The standard choppifigodding technique
was adopted for subtraction of the sky background as wehasalescope’s thermal emission:
secondary mirror chopping was performed in the North-Sdiréction, with a chop throw of’9
and telescope nodding was applied in the opposite diregtitnequal amplitude. To further

improve the image quality, a random jitter pattern with a maxm throw of 3’ was superimposed
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on the nodding sequence. A complete log of observationsisrarized in Table 1. Data were
reduced following the standard VISIR pipeline (version.Q)/consisting of co-adding of frames
after flat fielding and removal of bad pixels. The chopped ayattied images were then combined
to make one image in each filter. Three mid-IR standards weserved just before and after the
target acquisition to flux calibrate the data. Such obsematwere also used to determine the
FWHM of standard star images and thus to derive the actuallangesolution of our final maps.

Values of the FWHM for each filter are reported in Table 1.

2.2. VLA observations

We observed IRAS 1854®341 on the 2004 October 12 at 4.8 GHz (6¢cm) and 1.4 GHz (20
cm), with a bandwidth of 100 MHz using the VLA in A configuratigoroviding a typical beam
size 0f~0.36" and~1.3’ respectively. For all the observed bands, 1:8P47 was used as phase

calibrator and the flux density scale was determined by ebsgBC 48.

The data processing was performed using the standard pnegrithe NRAOAstronomical
I mageProcessingystem (AIPS). We compared the images made from the A-corafigur data
with our earlier images obtained using the C configuratiom@da et al. 2005) to confirm that

long term variability was not present in our data.

After the calibration process, the A-configurationdatasets were combined with the earlier
observations performed at the same frequencies using tReivVC configuration and presented
inlUmana et al. (2005) and images have been produced at botiemgths. This allowed us
to obtain high resolution maps of the entire nebula and, énslme time, fully recover all the
extended emission. The mapping process was performed by A$PS task IMAGR with a
variety of weighting schemes and the dirty maps wekdEANed down as close as possible to the

theoretical noise. The final uniform-weighted (ROBUST -Hp® have a synthesized beam of
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0738x0’36 and ¥39x1727, and rms noise of 0.04 mJy bednand 0.1 mJy beam at 6 cm and
20 cm, respectively. The noise level (rms) in the maps wasastd by analyzing an area on the
map (using task IMEAN), whose dimension is of the order of enthian 1O(I9§yn away from the

phase center and free from evident radio sources.

3. Reaults
3.1. Thedust shell

All five VISIR images, shown in Figuriel 1, have a similar morfadgy, with an extended
circumstellar envelope surrounding a central source thelearly visible until almost 13m. In
Figurell we show the images obtained in the filters PARRII, and Q1. From all the filters we
derived a shell diameter of approximately, torresponding to a size of 0.35 pc at a distance of

10 kpc (Clark et al. 2009).

We performed aperture photometry of the central object aha@aage by using the IDL
procedure ATV, while the nebula contribution at each wavglke has been determined by
integrating the flux emitted in a selected area’6&®”. The photometric results are summarized
in Table[3. On the basis of their ISO SWS spectrum, Hrivhak/€P@00) pointed out a strong
difference between the IRAS and the simulated ISO photometng|wding that the dusty
envelope around IRAS 18576341 should have been very extended with some of the flux
observed by IRAS falling outside of the largest ISO aper{ur80’). However, we fully recover
the IRAS 12um flux density (kym=58.48 mJy), implying that, at least at Ln, all of the

emission is from the compact Bource.

With respect to the previous mid-infrared images (Ueta.€2@0D1) that discovered the
presence of a roughly circularly symmetric nebula aroundSR.8576-0341, our higher

resolution and sensitivity allow us to probe finer detailshef dust distribution. The brightness
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of the shell varies around its circumference, with the magortribution to the flux coming from
the north-west part of the nebula. The condensations, tetdxy Ueta et al. (2001) as an arc
located in the north side of the shell, now shows up as a clustpgture with two major peaks
located at 50 degrees in the East-North direction and aboinbgh the central star. It appears that
the northern and the southern emission peaks reported fadtal. (2001) were anftect of the
limited sensitivity and spatial resolution of their mapsora our VISIR maps, no hints for the
claimed optically thin edge-on dust torus surrounding teti@l object are evident, but only a

suggestion of a possible spherical inner shell whose edgestrangly structured.

It is possible to isolate the PAH feature at28um by subtracting the image obtained at the
adjacent continuum (PAH2from the the PAH2 image. We have performed this subtractfter
registering the images on the central object and normalithem to the continuum as derived
from a fit to the ISO spectrum (Sloan eflal. 2003). Th&edénce image is shown in Figure 2. The
11.26um PAH emission appears to be located in the inner shell withigimer concentration in

the north-west part of the ring where the most of the therraat dontinuum emission originates.

The [Ne Il] emission, which should trace the ionized gas, can be solatllowing the
same procedure, i. e., by subtracting the adjacent continmage at 13um (Nell,) from the
12.80um image. The striking result, shown in Figlile 3, demonsirttat the [Nel] emission
has a very dterent distribution compared to the dust and PAH tracers.N&sl[] emission is
a ionized gas tracer this result suggests that significdfgrdnce exist between the dusty and

ionized stellar ejecta (s€c. B.2).

Assuming that the extinction is constant across the imagégrat the flux that we have
mapped is due to optically thin thermal emission from duatrgy, we may use the Nefl and Q1

images to produce a ratio map. In this case the observeditités given by
l, = BV(T)TV' (1)

and using the Wien approximatiom(> kT) for the blackbody expressids(T), the ratio of the
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intensities at two dierent frequencieg; andv;, is given by:

I L\ T
M ghe)AT (22) T 2)
| /11 Ta,

va
The optical depth, depends on the chemical composition and on the aiakthe grains.
There is an open controversy on the nature of dust graingmpr@s the nebula surrounding
IRAS 185760341 (Ueta et al. 2001; Hrivhak et al. 2000), indicating tihas possibly a
mixed-chemistry object where features due to silicatesthosk related to carbon (PAH) coexist.
In this paper, we follow Umana etial. (2010) and adoptfor= 11.88 andA, = 17.65um,

74,/72, = 1.05in the case of graphite and 1.27 in the case of astronosilizzites.
For each pixel of the map, we derive the dust temperaturetingeequation 2

P b
T ~ 1.44% 10 1 1)

T (ﬂ)3
|v2 T,ll /12

The dust temperature has been computed only at those pikelsenwbrightness is greater

)

than 006 Jy arcse?, corresponding to 3 in the maps. In this derivation, we assume a constant

temperature along the line of sight for each pixel.

The resulting dust temperature map is shown in the left pafriéigure[4. The temperature
map can be used to examine dust temperature gradients #oeassbula. We see that the color
temperature values are confined to a relatively narrow raingen ~ 130 to 160 K in case of
graphite grains. Slightly lower values (L0%) are obtained if instead a mixture of silicate grains

is assumed.

The higher temperatures are reached at a distance of abofnoéh the center. To more
clearly see the temperature distribution as a function @iusg in the right panel of Figuig 4 we

show radial cuts of the temperature map along diametersnaotat steps of 10

To evaluate the mass of the dust in the envelope, an optip#hdeap atl = 17.65um is

required. This can be obtained by inverting[Eq.1, using #ieesof the temperature found in each
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point of the map and the observed intensity. If the mediunoimdgeneous, the optical depth is
given byt = Kyusyoaustl, Whereoqust andl are the the density of the medium and the thickness of

the envelope, ankly,:is the absorption cdicient per mass unit.

The mass behind each optical depth map pixel, whose aré¢@T6& 0’075 , is given by
Am = 7/k x AA, andAA the area source corresponding to one map pixel, whicl25x110%? cn?
assuming a distance of 10 kpc (Clark et al. 2009). A valuks@f = 253 and 1082 cAg?
at 1 = 17um has been adopted in case of graphite and silicates, resedtJmana et al.
2010). Integrating over all the pixels with brightness lEgthan 3¢, a total dust mass of
8.6 x 10%'g (4.3x 103M,) is derived in case of graphite, an@% 10°?g (6.5x 103M,) in case of
silicates. Ueta et al. (2001) provide an estimate of totat duass of 0.1M, assuming a toroidal
morphology for the entire dust emitting region and a radius 4. This value is compatible
with our results if scaled down to the extent of the mid-indcemitting dust shell that is resolved
in our images. Because the mid-IR observations we preséntrace the cooler dust component
in the nebula, our dust mass estimates should be consideteder limits to the total dust mass

in the LBVN.

The dust column density along the line of sights| (Figure[5, left panel) can be used to
infer the densityq,stinside the nebula. Although its distribution is clumpy, &sady noted, with
a higher concentration of dust in the north-east part, ahlyugpherical symmetry around the
central star can be assumed. Cuts of the column density roag dlameters, obtained at steps
of 10° averaged together, are shown as a thin line in the right pafrfeégure[%. We modeled
the density distribution assuming a radial dependencetH®purpose, we built a 3D matrix,
sampled with a step corresponding to the pixel size of thdR/I8aps (112 x 10*® cm) in all the
three spatial dimensions. We found that the density muséase as a function of radius from
the center, although it is not possible to discriminate agnggveral radial dependencies. As an

example, the radial column density profile obtained assgmig « r?, with a smooth at the
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edge, is shown as a thick line in Figliie 5, right panel.

This analysis shows that in the inner part of the nebula timsideis low and it increases
strongly with the distance from the star. This could indécat
a) an episode of strong mass loss at a previous time;
b) the dust is processed by the UV radiation field of the stémennner part of the nebula.
c) a combination of the two.
The maximum ofog,st is at 3’ from the center, corresponding to a linear distance of 0ct5 p
assuming the same expansion velosityr 70 km s* measured from the Brline (Clark et al.

2009), the mass loss episode should have occurred aboutyz@é®ago.

3.2. lonized gas

The continuum emission associated with IRAS 1880841 at 5 GHz and 1.4 GHz is shown
in Figurel6. The spatial resolution achieved in the final isegabout 13 in the L Band and’0}
in the C Band. The images confirm the structure of the sourcetested at higher frequencies
(Umana et al. 2005): a compact, slightly resolved core, tikelly associated with the stellar
wind from the central object, surrounded by an extendedzexhinebula with a remarkably
similar shape and extension at all wavelengths. As expgetitedcombined fect of reduced
spatial resolution and of intrinsic contribution at lowdreency prevent us from detecting the core
component and discerning it from the extended nebula in then2 map; on the contrary, the

higher spatial resolution in the 6 cm map allows us to clea$plve the compact source.

The total radio flux densities associated with the entirec®bave been derived by summing
the contribution of all the pixels contained in the radio m@u(AIPS task IMSTAT), while the
flux density of the central object object has been obtainefitiyg a two dimensional Gaussian

brightness distribution to the map (AIPS task JMFIT). Theuits are reported in Taklé 3.
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To better separate the core component from the remainifigsdiemission, the flux density
from the compact core at 6 cm has been determined by fittingpadtmensional Gaussian
brightness distribution to the map obtained with the A camnfigion data alone. The resulting
flux density of 1.3:0.1 is in accordance with the flux density extrapolated froeasurements at

higher frequencies assuming a stellar wind spectrum, astezpin. Umana et al. (2005).

The final images in Figuriel 6 show that the radio emission frieencircumstellar ionized
nebula is asymmetric with respect the central core, extgnaolit in the northwest direction, with
the brightest radio region located aboti63o the north of the central core in the 6 cm map. The
diffuse emission is remarkably similar to that detected at albther observing frequencies, with
similar extent of about’7. The southern component, which contributes about 25% ofotfaé
mid-infrared emission, is not present in any of the radio snaocertain degree of asymmetry is
also present in the radio emission of other LBVNS, such as ldR(®hite: 2000) and Pistol Star
(Lang et al. 2005, 1999). This may indicate that extremejyrasetric mass loss can be quite

common in LBVs.

The overall morphology of the radio nebula agrees very ¢yosih the spatial distribution
of the [Ne ] line emission. The contours of the [N map, superimposed on a gray-scale
image of the 6 cm data, is shown in Figlie 3. It is evident hasvetmission in the [Néi] line
follows quite faithfully that of the radio continuum. Suabsemblance between the two maps is

unsurprising, as both are tracers of the thermal ionized gas

To search for the existence of denser regions witfedént opacity through the nebula, we
computed the spectral index map by comparing the 6 cm witld fhem image obtained in the
first epoch. The images have comparable spatial resolutMacomputed the spectral index,
defined by the relation 8) « v*, using the maps produced with the same beam and cellsize for
each pixel with a flux density of at least three times the rmsenat both the wavelengths. The

resulting map, shown in Figureé 7, shows evidence of theastefind component, characterized by
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spectral index ofr ~ 0.8, and the extended halo having a much flatter radio spadtru~ -0.1),
which is typical of free-free thermal emission. Howeveg thage shows some patchiness
probably associated with local density clumps. We note thegnce of a second component with
spectral index ofr ~ 0.9 located about’b to the south of the central core, in the direction of the
southern infrared emission peak in the dust nebula. Sucmaaoent, which is clearly visible in
the radio map reported in Figure 1b in Umana et al. (2005)rabably due to the presence of a

dust condensation whose thermal emission contributestfiitkh observed at 7 mm.

4. Discussion

The most striking result of our observations is the cleardgithilar morphology of dusty and
gaseous components of the nebula, which seem to have gfligeedi spatial distribution. This is
immediately apparent in Figureé 8, which shows the compasitgie obtained by superposition
of the 6 cm and the 1@m images. The ionized nebula, in fact, extends beyond thiesthedl in
the N-E direction, and the radio and [Né maps do not contain any indication of the symmetric

shape seen in the mid-infrared continuum maps.

Different scenarios can be envisioned that could account ftreatliscussed findings and
provide a complete picture of the source. As the continuunaiad maps seem to exclude
an asymmetry in the mass loss, the asymmetry in the diswibof the ionized gas could be
ascribed to one of the following possibilities: (a) direbppo-ionization from an external source,
(b) variation in the density of the interstellar medium iatbich the ejected material is expanding,
or (c) UV radiation from the central star leaking through #ha the opacity of the circumstellar

nebula.

The hypothesis of direct photo-ionization cannot be ruletib®cause of the high visual

extinction of roughly A, ~ 28 mag|(Ueta et al. 2001) towards IRAS 1850841. The surveys
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available at this moment, in fact, do not have the sengjtiveteded to detect a main sequence star
of spectral types O to B as it would appear at a distance of £lrkfhis direction. For the same
reason, not even the inspection of our radio maps allow ugdinée the presence of such kind

of source, although no radio emission has been detected imap around the location of the
nebula. On the basis of the analysis from Panagia & Felli%)9i fact, the flux density expected
at 6 cm from a spherically symmetric, isothermal and fullyized stellar wind at a distance of 10
kpc is about 1.&10°2 mJy, assuming a stellar temperature of KQa terminal wind velocity of

10° km s* and a mass loss rate of POM,, yr~1. The resulting flux is thus very close to the noise

of the radio map.

On the other hand, based on at the near-infrared images freifwo Micron All Sky Survey
(2MASS) toward the position of IRAS 18576341, we found that north-east rim of the ionized
cloud is facing a source designed as 2MASS 190020845511 in the 2MASS All-Sky Catalog
of Point Sources (Cutri et al. 2003) and located at positien19'00M.15.05 ¢ = +03°4551”.2.
This is a distance ofZ from the central star of IRAS 18576341, just in the direction where
the nebula ionization appears to be strongest. Howevegd@sthe above considerations and the
near-IR colours derived from the de-reddened 2MASS madeguwe exclude the possibility that
such a source could be an early type main sequence or sugtestginable to provide the energy

needed for the nebula ionization.

We can also consider the hypothesis that the ionized gasuswding the LBV originates from
the interaction of the mass outflow from the central star aithigh density medium surrounding
the star, such as clumps or perhaps circumstellar mat&alcan make an order-of-magnitude
check of the plausibility of this scenario on the basis ofttieory outlined by Curiel et al. (1989),
who modeled the shock-ionization scenario and deriveddb®rcontinuum emission under
optically thin conditions. In their formulation, théfective optical depth of the emitting region is

directly connected to the outflow characteristics, and gk mrelation exists between the radio
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flux density in the optically thin regime and the wind momentiate:

01 0.45 y 0.68 -2
% =398 10_277[5C;/Hz] [10T4K] [1(}7I\|\//I|@yr—1l [100\110:ns*1] [%:]

In this formula,S, is the radio flux observed at frequengyn represents the fraction of the
stellar wind that is shocked and produces the observed caditnuum emissioriyl is the mass
loss ratey,, is the terminal velocity of the windl is the wind temperature ardlthe distance
to the source. Adopting ~0.3 and a temperature of 40, the density flux of about 100 mJy
observed at 6 cm can be provided by isotropic mass loss naggngafrom 71072 to 3 x1072
Moyr~! for an assumed wind velocity varying from 500 to 200 ki svhich are parameters
values comparable with those derived for IRAS 1860841 and other LBVs observed giant
eruptions|(Smith 2005%; Smith & Hartigan 2006; Clark et alo2p Due to the many unknown
parameters this estimate is only suggestive, but it shoatswith typical parameters the shock

emission model can produce the observed flux.

On the other hand, in absence of an external factor (souhsejpnization of the circumstellar
nebula could be explained exclusively by the direct photazation from the central object. In
this case, as derived in Paper I, the Lyman continuum flux o®-#B.5 supergiant can account
for the measured radio flux. This scenario, however, in®bhe presence of some kind of
inhomogeneity (asymmetry, anisotropies) in the circuitestenaterial that has not been observed
in our mid-IR images. Itis, in fact, éicult to understand the departures from symmetry of the

radio and [Ndl] images except in terms of density or optical depth varretim the cloud.

The very diferent spatial distribution of circumstellar dust and i@sizyas might reflect an
anisotropy in the same mass loss event that could have érdave mid-IR emitting dust, or may
indicate that distinct ejection events have been collichdifferently by the interaction with the
circumstellar material ejected in previous phases. Suehantions could haveffected the grain

size distribution throughout the nebula, causing an arapgtin the opacity of the dust grains
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which are competing with the gas in the absorption the UVataai (van Hdt et al. 2004).

5. Conclusions

We have presented new high-resolution mid-infrared antb ragaging observations of
IRAS 18576-0341. These observations provide an unprecedented vielweafdtailed spatial
structure of the circumstellar envelope surrounding thereé massive star, and highlight the
different distribution of dust and gas component in the nebutaes& data allow us to perform a
spatially resolved analysis of dust temperature and datiath, and to derive the high resolution

spectral index map of the observed radio emission.

We found that the dust properties seem to be essentiallyatne gverywhere in the nebula
and the spectral index map is consistent with optically thee-free radiation, except for the
wind component from the central star. We thus conclude tiattumpiness observed at all

wavelengths has to be ascribed to local density enhancement

We also described the possible scenarios that could actmuhie asymmetry in the spatial
distribution of the ionized material. We suggest that the igaization could be caused by
UV-radiation from an external source or by the impingingla# tnass outflow upon an obstacle
like a denser circumstellar medium. Alternatively, therasyetry could be ascribed to UV

photons leaking out from the central object thought a hotbéncircumstellar envelope.

Although we are unable to rule out any of the discussed frasmkesyit is worthwhile to note
that the last scenario conflicts with the relative minor gpa@riations of dust temperature and

optical depth resulting from the analysis of our mid-IR iraag

We acknowledge partial financial support from the ASI caritt®38§08/0 “HI-GAL” and
from PRIN-INAF 2007.
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Fig. 1.— VISIR images of IRAS 185%4@341 and its surrounding nebula taken through the filters
PAH2, Nell, and Q1.
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Fig. 2.— Continuum subtracted 11.261 image of IRAS 185760341, showing the PAH feature

emission.
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Fig. 3.— Continuum subtracted 12u8 contour map of IRAS 18578341, showing the [Ne II]

line emission, superimposed to the 6 cm image.

Table 1: Observations Log

Filter Date UT Integrationtime Airmass FWHM
(s) ’"
PAH2 2007-07-26 04:56 700 1.2 0.27
PAH2, 2007-07-26 05:15 700 1.3 0.28
Nell 2007-07-19 06:21 700 1.4 0.30
Nell, 2007-07-19 06:01 700 1.4 0.32

Q1 2007-07-26 05:48 180 1.4 0.38
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Fig. 4.— Left panel: map of dust color temperature as deteechifromA; = 11.88 andi, =
17.65um maps. For the dust a Carbon chemistry has been assumednRefvarmer and cooler
emission are seen as darker and lighter shades respectRgllat: Temperature profiles along
diameters at step of 10here the central part with the star is not considered; thkdrivalues are

reached at about’2from the center.
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Fig. 5.— Left: Map of dust the optical depth. The greatestoemtration of mass is located in the
north-east part of the nebula. Right: Column density profile average of the observed diagonal
cuts is shown as dashed line; here the central part with #nésstot considered; a profile obtained

with the density increasing outward is shown as a continlinas
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Fig. 6.— Uniform weighted radio maps of IRAS 1857341 at 6 and 20 cm, obtained by merging
A and C VLA configuration data.
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Fig. 7.— Spectral index distribution between 6cm and 0.7Cantours levels are -0.2 to 0.7 in

steps of 0.1



Fig. 8.— Composite image of IRAS 185¥6341 obtained by superposition of radio images at

6 cm (red) and 17.6pm (blue). See the electronic edition of the Journal for acedosion of this

figure.

Table 2: Observed Mid Infrared Flux

25—

Filter Fstar Freb

pm Jy Jy
11.26 0.120.02 41.20.2
11.88 0.1%0.02 51.9+0.2
12.80 0.190.03 78.8+0.1
13.04 0.140.03 74.40.1
17.65 224.70.1




Table 3: Observed radio flux
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Filter Fstar Freb
cm mJy mJy

6 1.3:t0.04 1032

20 922




