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™~ ABSTRACT

o

OAims. Analysis of the innermost regions of the carbon-rich staC+R0216 and of the outer layers of its circumstellar envelopestbeen
performed in order to constrain its mass-loss history.

. Methods. High dynamic range near infrared adaptive optics and higjulan resolution deep/-band images of its circumstellar envelope
collected with VLTTNACO and VLT/FORS1 instruments have been analyzed.
Results. Maps of the sub-arcsecond structures, or clumps, in therimoe regions are derived from the near-infrared obsemati The
morphology of these clumps is found to strongly vary fromalttband. Their relative motion appears to be more complex tiroposed

LO) in earlier works: they can be weakly accelerated, have ataohselocity, or even be motionless with respect to one lerofFromV-band

« imaging, a high spatial resolution map of the shell distiiiin the outer layers of IRE10216 is presented. Shells are well resolved up to a

1 distance of about 90to the core of the nebula and most of them appear to be compdsleiiner elongated shells. Finally, by combining the

NACO and FORS1 images, a global view, showing both the extgted/ers and the bipolar core of the nebula together withethksize of the

-~ inner clumps is presented.

C Conclusions. This study confirms the rather complex nature of the 420216 circumstellar environment. In particular, the cettce at

Q different spatial scales of structures with verffefient morphologies (clumps, bipolarity and almost splaégzternal layers) is very puzzling.

(7) This confirms that the formation of AGB winds is far more compihan usually assumed in current models.

—_
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o
i Introduction by several groups (see e.g. Héid Busche{1998; Weigelt et
N al,[1998,[2002; Tuthill et a[. 20pp, 2405). The central cqre a

O Low- and intermediate-mass stars lose a large amount of theis <10 pe composed of a series of clumps whose positions

Hinitial mass when they evolve along the Asymptotic Gianfq juminosities vary on time-scales of a few years. The com-
o Branch (AGB) and beyond. During these mass-loss events,jayity of the structures detected has led to several hygseth

o huge circumstellar envelope (CSE) is formed. IR0216 IS egarding the precise location of the central star.
T the best-known example of such evolved stars with an optical

= thick CSE. Indeed, its envelope almost completely absédst At much larger scales (up to arcmin), Mauron &
central stellar photons in visible light and at shorter wavéiuggins [1999] 2090, MH99-00 hereafter) have shown that the
lengths. This circumstellar environment has thereforenbedlRC+10216 CSE can also be studied in visible wavelength if
mostly studied in the infrared and millimeter domains, speenough deep images are collected. The nebula brightness the
tral regions where the envelope radiates itself and sedtter results from galactic ambient light scattered by its dustipa
stellar light. cles. Itis detected up to very large distances to the cestizal
At very small scales (arcsec and below), a detailed pictuiép to about 6000 stellar radii) and thus carries infornratio
of the IRG+10216 central regions has already been presen&igput the mass-loss history during the last few thousandsyea
MH99-00 have also shown that this fairly round circumstel-
* Based on observations collected with the YAfitu and Yepun '@r €nvelope is consistent with an isotropic galactic reclie
telescopes (Paranal Observatory, ESO, Chile) using thesacmd field and a spherically symmetric dust shell (see also Maaton
NACO instruments (programs ID 63.1-0177A, 70.C-0565A, 0. al.[2008). However, on a better spatial resolutieril(arcsec),
0271B, 70.D-0271B). the envelope consists of a series of discrete and nested mult
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ple shells (or arclets) whose origin is still debated. Altgb Table 1. NACO observations log of IRE10216.
IRC+10216 is the only known AGB with such shells, similar

morphology has already been detected around a dozen of planBate Filter ~ On-source Seeing Air- Dyn.
tary nebulae (PN) and about six proto-planetary nebula®YPP exp. time mass  range
However, all these PN and PPN are bipolar, contrary to what wéYT) (sec) O (AFU)
observe for their progenitor (assuming that HKRID216 CSE 22 Nov02  NB 164 128 06 15 28700
NB 2.17 120 06 16 6200

properties are common for AGB stars). The cause and occurl—6 Mar03  NB 126 120 05 13 6900
rence of the transition from a spherical multiple-shell G8& ar <%

: . . . NB 1.64 70 <05 13 8300
bipolar one is crucial for the understanding of the mass-los NB 217 60 <05 13 4800
phenomenon on the AGB and the evolution of the material g yar 03 NB 124 210 06 13 7200
ejected into the interstellar environment. NB 1.75 103 07 13 41500

To date, no global view of the morphology of the NB 2.17 200 08 13 5200
IRC+10216 CSE at dierent scales exists. The aim of this work L’ 183 Q6 13 92500

is to provide such a global description by combining new high

dynamic and high spatial resolution images of its innermmst

gions collected with adaptive optics techniques togethir wofthe PSF star was around 70 mas in the J and H bands, 80 mas
new deep images of its most external layers. These obseriithe K-band and 120 mas in the L-band.

tions are presented in Seff. 2. We analyze in $pct. 3 the mor-Standard reduction procedures were applied using self-
phology of the innermost regions and their temporal varigti  developed routines. The raw images were sky subtracted, the
Sect[}4 is devoted to the analysis of the numerous shellsifouivided by the flat-field and corrected from hot pixels. Infeac

in this envelope and to some of their properties. We then dfdter, the images were cross-correlated and aligned by sub-
cuss, in Sec{]5, the coexistence of théiedient morphologies pixel shifting, and then combined to produce the final images

found in the CSE of IR€10216. Finally, a conclusion is pre-€liminating cosmic rays hits. Finally, they were deconealv
sented in Secf]6. with the PSF reference star. We used the Richardson-Lucy al-

gorithm (Richardsop 19)2; Ludy 1974). Since no PSF data for
IRC+10216 were found in the November 22, 2002 observa-
2. Observations and reductions tions, we have developed for that night pseudo-PSF images,
. by analyzing and comparing the other IRTD216 observa-
2.1 NACO observations tions with their corresponding PSF data. Constancy of promi
Infrared images of IR€10216 were recovered from ESOnent features present in deconvolved images showed that the
Science Archive Facility. They were obtained in Novembd&tSF selection and the number of iterations (25 typically) fo
2002 and March 2003, using the adaptive optics system NAGQi@ deconvolution process was performed carefully and con-
at the ESQ@QVLT Yepun telescope. NACO is an associatioservatively. We have then summed the deconvolved images in
of the adaptive optics system NAOS (Rougset 2000) and #wch band (see Fif]. 1). The highest dynamic range J-band im-
spectro-imager CONICA (Lenz¢n 2003). age was obtained from the2dum and 126um images, which
We have recovered observations of lRID216 obtained leads to about 14 000 AFU. For the H-band, we have summed
with the narrow-band filters NB .24 (centered atl, = both 164um and 175:m narrow-band images, obtaining a dy-
1.237um, Al = 0.015um), NB 126 (1. = 1.257um, AA = namic range of about 78 000 AFU. The thre&7Zm narrow-
0.014um), NB 164 (1. = 1.644um, A1 = 0.018:m), NB 1.75 bandimages were combined to build a K-band imag#&§ 000
(Ac = 1.748um, A1 = 0.026um), NB 217 (1. = 2.166um, AFU). Finally, the L-band image has about 92 000 AFU. These
A1 = 0.023um) and the broad-band filter' (1. = 3.80 um, images have thus the best dynamical range ever published (se
A1 = 0.62um). The pixel scale on CONICA was respectivelg.g. Tuthill et al[2045). We note that, over the intervallodat
13.27 mas in the narrow-band filters and 27.15 mas in thigé L 4 months between the first and last observations studied here
ter. Observation conditions, as well as total on-souraegirst- No clear variations of the positions of the structures weuad.
tion time for each filter, are summarized in Tb. 1. Calitunati
files (flat fields and dark exposures) and observations of the
PSF r_eference star HR 3550 were also recovere_d. The JI%%. FORS1 observations
technique was used in all observations. The box size of the
broad-band image was about ¥ 7, and the box sizes in the The observations were collected with the VLT-Antu telesgop
narrow-band images varied between abdust4” and 7/ x7”. equipped with the FORS1 focal reducer. The detector is a
As shown in Tab[|1, the seeing conditions were variable,+ar2P48<2048 thinned 24m pixel Tektronix chip. The field of
ing between about.8” and 08”. The best dynamic ranges ofview of individual images is & x 6.8 with a pixel size of
the IRG+10216 final images (not deconvolved) were arour@l2 arcsec (see Appenzellere998). All the exposuees w
7000, 40000, 6000 and 90000 AFU (Arbitrary Flux Unitsacquired in standard FORS1 service mode using a classical
for the J, H, K and L bands, respectively. The noise level wagsselV-band filter. The available data consists of eight 10-
found to be smaller than 30 AFU in all images. In the PSmin exposure and two 20-min exposure frames collected from
observations, the seeing varied betweesf @nd 06” and the 10 to 11 January, 2000, leading to a total observing time of
air-masses between abou8knd 14. The estimated FWHM 2 hours. The selected exposures were taken in dark time under
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very good seeing conditions and photometric sky. A few othabout 6% of the intensity peak. Clumps A and C are the bright-
10-min frames were indeed rejected due to their moderate sest features. Clump B appears as an elongated feature,dt abo
ing conditions. The mean airmass was 1.3. The telescope wees NE direction from clump C, and clump D seems to be a
shifted by a few arcseconds between each individual image more spread out feature. In addition, there is a faint an@stm

It was found that individual images reduced by the stagpherical extended envelope (fren®.5” to more than 1 from
dard ESO reduction pipeline (which includes standard cerrghe image center), which also appears to have its centeein th
tions such as bias subtraction, flat fielding, etc., see Hdmkis ring depression. This depression could thus correspond to a
& Amico ) were of rather poor quality. We suspect thigpparent center of the images. Regarding the central star, i
was due to the use of a corrupted flat field. Therefore, a new lezated in the fainter SE region of the mentioned ring. Its po
duction procedure was performed for all individual expesursition also coincides with a particular elongation in thegri
(removal of cosmic and aberrant pixels, flat-fielding witlpas brightness distribution, well seen in the H-band imageafyn
cific mean sky flat for each night, etc.). All exposures takeme have verified that the faintest structures seen in thend-ba
on the same night were then shifted and stacked. The final aee ghosts, probably due to the light reflected in the NACO op-
duced image was built by adding the summed exposures dais.
lected during the same night, taking into account of their re

spective total exposure time. It consists of 1900900 pixels ages concerns the brightness variations of clumps A to D with
corresponding to a total field of view of® x 6.3'. The re- g 9 P

. : . ' re§pect to the images peaks. Clump A remains close to the in-
sulting mean seeing, measured from the brightness profile, of " : .
S ; , tensity peak in all bands whereas clumps B and D are brighter
individual stars, is found to be around 0’69 he central core at larger wavelengths (from about 10% and 20%, respectivel
of IRC+10216 is measured with gI$ ratio larger than 100 g g » esp y

i ) \ o .
per e and h 8 of e envelope at 20om e center i £1 1 1SN ek 1) )t abogt 100% 1) e brt
around 5-6 per pixel. For a more detailed description ofréis P ghtly Y 9

0 ; )
duction procedure see Vandar@OOZ), and a preliminary ptrréan 80%. We also note that the brightnegkedénce between

sentation of this image can be found in de Lavefny (P003). Dijie fourclumps strongly decreases with increasing wagen
o al ) e SE region of the ring, close to the assumed location of the
to the wide field of this image, we have estimated a PSF refer- . ; .
. . : .~ Central star, remains faint, varying from about 8% to 20% of
ence by using the median average of a set of suitable p&imt-|

stars, that have been, firstly, background-subtractederemh the intensity peak from J to L. Fmally, t.h € exte_nt of the ex-
. ternal envelope seems to decrease with increasing waikleng

with sub-pixel accuracy and normalized. The final FORS1 i LT 0 : .
age (see Sec[l 4) has been deconvolved using a Richard O%r]aderlng its limits at @% of the image peak brightness, we

) 4 ) 3 . ave calculated its mean extent as being ab@n, 8.5, 2.7”
Lucy algonthm (Rlchardsz, LU74)' This proc&ajuand 20” in the J-, H-, K- and L-band, respectively.
has slightly improved the spatial resolution (to less thiaoua
0.6”) and the @ ratio (to about 7-8 per pixel at 20rom the The clump brightness variations as well as the extent of
center). the envelope at fierent wavelengths may reveal that we
mostly detect, in K & L, the emission of the heated dust,
whereas at shorter wavelengths the scattered stellar iemiss
becomes more important. This is in agreement with models
The JHKL dffraction-limited images of IR€10216 are dis- of the spectral energy distribution computed for IRKD216
played in Fig.[]L with a log-scale for the brightness, so thégee e.g. Mauron et g. 2403). In the K & L bands, the dust
details of the morphology at all flux levels can be seen. Tleenission is indeed 100 times larger than the scattered stellar
labels A to D shown in the H-band image indicate the featuright which becomes dominant below 1um. Therefore, we
identified and labeled by Haffii& Buscher ). The im- can deduce that most of the clumps seen close to the star in
ages have been centered at the central star location estiméte L-band have approximately the same temperature. On the
by Murakawa et aI.5). These authors have performedantrary, in the J-band optical deptffects could explain the
polarimetric study of IR&10216 in H-band which has inde-different brightness of the clumps.
pendently provided a possible central star position, akeies
of contradictory hypothesis (see Weige002 andillut
et al.[200p). Following Murakawa et a[. (2005), we have us&i2. Temporal variations
clump A as reference to identify the central star positioe. W
note that their observations were made at the same epoch agt#mporal changes of the IRQ@0216 innermost regions have
images presented here. already been reported by Tuthill et a[._(2P00), Weigelt et
al. (200) and references therein. Weigelt et pl. (P002Ehav
estimated approximately linear displacements betweanptu
A-C and A-D, and a possible acceleration of 5 ma2 jor the
The images exhibit a bright and inhomogeneous structigeparation A-B. Tuthill et al.[(200§, 2005) have identifieat
which roughly looks like a ring (with a diameter of approxisub-components in clump B: NE1 and NE2 close and far from
mately 05”) composed of clumps (including clumps A to Dxclump C, hereafter referred ag Bnd B, respectively. They
around an approximately circular depression. The demesshave proposed that clumpg B, and D move away from A,
is located at about (05, 0.15)” from the image center and hasapparently with an uniform acceleration of 3.4 maz’yr

On another hand, a clearnftirence between the JHKL im-

3. The CSE innermost regions

3.1. Morphology at different wavelengths
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J-band H-band
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15 1.0 0.5

Relative R.A. (arcsec)

Fig. 1. NACO JHKL images of IRG10216. Contour levels are 80, 60, 40, 20, 10, 8, 6, 4, 2, 120%0.2% of the peak surface
brightness. North is up and East is left. The white cross el @mage center represents the assumed central star pcaiteb

its size is proportional to the error of 0.03” as given by Maa et aI5. Clumps A to D of the H-band follow the Hani

& Buscher [1998) clump nomenclatures. The resolution isia0 mas in the J and H bands, 80 mas in K and 120 mas in L
(represented by the circles at each image corner).

We have also applied on the H-barichage a Fourier filter- in particular, the sub-featureg BB and B,, in clump B. We
ing procedure in order to remove the structures of lowetrigpatfound a feature, not identified in previous works, close ® th
frequencies (see Fi. 2). We have then identified new festurassumed star position (labeled H). We note that the star posi
tion assumed in this work could still be discussed and its con
R&ction with clump H is very unclear. This clump could be, for
siderably better dynamic range. We have verified that theotied instance, a dust cloud ngt passing between the star andhthe °
clumps and their estimated positions are similar to thosaddn the S€MVer: Futur_e observations are needed to stu_d_y the evoliti
K-band. this clump with respect to the central star position.

1 We have selected the H-band image (instead of the K-band m
commonly analyzed) because of its better spatial resol&i@ con-
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Fig. 2. H-band map of IR&10216, where only the highest spafFig.3. FORS1 deconvolved V-band image of IR00216.

tial frequencies of the brightness in the Fourier space haee North is up and East is left.

kept. The contour levels are 80, 50, 20, 10, 8, 5, 2, 1 and 0.5%

(this minimum level being the estimated noise). The dotted ¢

cle is the assumed star position, as in Fig. 1. Main clumps &@posed by previous studies, although some acceleratiaps
indicated by the labels A to D, and some sub-features by st for clumps B and B,. New high angular resolution obser-
smaller labels. The positions of these clumps are shownéy #ations are needed to disentangle the three-dimensional mo
white crosses. Estimated trajectories (from the resuffaitifill  Phology of the innermost environment of IRC0216 and to

et al.[200D) for some clumps with respect to clump A are al§§idy the temporal variations of these clumps.

shown (see text for details).

4. External layers of IRC+10216

Fig. @ shows estimated apparent trajectories for the prefig. § shows the deconvolved wide-field V-band image of
ously detected clumps;BB; and D, with respect to A. TheselRC+10216. As already shown by MH99-00, we see an ex-
estimations were made by assuming that the clumps mdegded halo composed of thin and irregular multiple-shells
away from A, as proposed by Tuthill et oo), and by tak-hey appear to be non-concentric and azimuthally incoraplet
ing into account of their spatial separations. The solidwasr The CSE is seen due to external illumination by the ambient
represent the displacement of these clumps during the- infeglactic light, scattered by the dust. Since these photans ¢
val time of their observations, i.e. from 1997 January to99®asily penetrate into the CSE (their optical depth from tie o
April. The dashed arrows show a prediction for the clumps diside towards the center being very low), the incompletelshel
placements up to 2003 March, by assuming the averaged vel@@reveal lower densities in some parts of the CSE. The shell
ity of Tuthill et al. )_ The dotted arrows represent &n adiscontinuities can obviously not be caused by some shadow-
ternative prediction by assuming the acceleration law psed ing effects due to more external material.
by Tuthill et al. (200p). The error margins are about 10 mas
for the dashed arrows and 30 mas for the dotted ones. We
see that the previous clumpg Bnd B are most probably the
current sub-features;Band B,, respectively. They are currentlyTo emphasize the shell morphology, we have removed the cen-
separated by 25820, 394+20 and 261:20 mas from A. B  tral extended halo by applying the same Fourier filtering pro
and B thus appear to be less accelerated than expected.cAtiure as for the NACO images. We have also removed sev-
the same time, clump D appears to have moved with a caral sources (stars or galaxies) by selecting those witbrobd
stant velocity. ¢ From the clumps separations given by Weigmtensities larger than a prefixed threshold. The sourcelpix
et al. ), we have also verified that clump C (currently levere replaced by averaged values taking into account ttaé loc
cated at 131+20 mas from A) appears to be approximatelipgackground and the noise level. The resulting image is shown
motionless. Note that choosing clump A as reference coutd gin Fig.B. We have then applied an azimuthal smoothing 8f 20
the illusion that the clumps escape from it. The clumps nmatioaround the center. Although this decreases the spatiadureso
are therefore not compatible with the uniform acceleralégen tion in the azimuthal direction, the resulting map (Fﬂg.lﬁ()ws

PP Structure of the external layers
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Fig. 4. Deconvolved V-band image after subtraction of the ha

of the CSE and removing of most stars and galaxies.
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Fig.5. Schematic map of the shells surrounding HR©216
(see text for details).

a clear visualization of the shells, and gives a more réakstd
complete pattern than that presented in previous works.
The shell distribution seen in Fig. 4 [§ 5 are similar t
those reported before. For instance, the three faint andrap
ently thick shells at North, located at about 30448060

sub-distribution of thinner ones. Similar thin shells lzhvery
close each other are well seen everywhere in the CSE. For in-
stance, the shells labeledand f by MHOO (located at dis-
tances to the center of about’58nd 58, between 347-20

and 23-53, respectively) are clearly mergers of complex thin
shell distributions. Another prominent shell located te 8) at
about 15 from the center, joins series of slightly less promi-
nent thinner ones distributed toward SE, between 10-f20n
center. Moreover, even in the more internal regions, sétrér
shells seem to merge in thicker ones between abband 20'.

The whole CSE thus appears to be composed of a complex of
several thin irregular shells that could be identified askibi
ones in less resolved images. Finally, we note that the aepar
tion between apparently thick shells varies a lot with respe

the radial direction.

On another hand, a smooth azimuthally radial profile de-
rived by computing the mean of all the pixels found in annuli
0.9” thick (see MH99-00 for more details) confirms that the
dust is detected up to about 20Qabout 5800 stellar radii).
That corresponds to material ejected about 8000 years ago
(assuming an escape velocity of 14 knt and a distance of
iLZO pc), i.e. an important fraction of an interpulse on theBAG
Rctually, we do not see any edge for the dusty envelope and we
are limited by the detector size.

4.2. Thickness of the shells

MHOO have proposed that the shells thickness increases with
increasing the distance to the center, in agreement withdahe
ural expansion of the envelope. To analyze the shell prafiies

to verify their finding, we propose here a new and more accu-
rate method, by taking into account the non-concentricreatu
of the shells and the possibility that an apparently thicklish
may be resolved into several thinner ones.

Fig. B shows the CSE morphology in a map of nafow
radial strips. From this diagram, we clearly see the non-
concentric nature of the shells as well as the complexitheif t
spatial distribution. For instance, the long and thin sloethted
at distances to the center of about 15-28etween 220and
34 from North, has an inclination of abou? # this diagram
with respect to the vertical axis. The shell located at dists
to the center of about 30-35between 300and 360 from
North, has an inclination of about 17At the same time, there
are shells with opposite orientations, as those found trties
to the center of about 25-3@nd 4%, from 210 to 26, and
from 200 to 230, respectively, which make angles of about
—16° and—2° with respect to the vertical axis.

Regarding the profile of the thickest shells, we have care-
fully analyzed the shell labeledlin MHOO. Fig.ﬂ’(a) shows its
profile by applying the same method as those authorsl]:ig;. 7(b
shows the profile of the same shell estimated from the more re-
stricted region located at a distance to the center of ab@{t 3
Petween 70-90 where it appears more regular. We have then
Fi’ntegrated profiles perpendicular to its direction and adied

and 70-80 from the center, can also be seen in the CFHT im-2 Ragial sections with thickness of 1 pixel and a rotation siep
age (MH99-00). However, these shells, being better redolv&2. Interpolations between the original image pixels wereliegp
in the FORS1 images, appear to be composed of a compiaxeach step.
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Fig. 6. Map of the shells transformed from polar coordinates to d&3&n representation. Each horizontal section of thegsma
represents a narrow radial strip of the FORS1 images, thesinfthe strips being with respect to North. Maps to the tefhter
and right were derived from Figd. B, 4[& 5, respectively.

the extended halo contribution. The estimated FWHM of the :
profile (a) is about 3/0(as in MH0O0), whereas it is about 2.6 @)
for the profile (b). The error margins are around0 Although g d=39" 1
both estimates are in agreement within the error bars, aetdeep prg =55-1013
analysis of this shell reveals that even our profile (b) cdadd
widened due to a merging of two thinner ones. Indeed, the pro-
files shown in Fig|]7 have two close peaks #sets of about
+0.5”, which leads us to suspect that there are two thin shells
close together in this region and, hence, not well spatiaiy g
solved. We note that this shell was carefully analyzed,phis 0301 g
of peaks being identified in every derived profiles. If we daeo 0.28 E
pose the profile (b) in two close shells, their estimated FWHM -8 —4 -2 o 2 4 6
are about 1.8+ 0.4”. In consequence, we have derived several Relative offset (arcsec)

shell profiles by identifying, as above, well resolved thells  Fig. 7. Comparison of the profile of the shellestimated as in

at different distances to the center, (see fig. 8). The profiles (400 (top panel) with its profile derived by our more complex
to (d) have good &\ ratios. The profile (€) having a worséN\5  method (bottom panel, see text for details). The distarctet
ratio is actually a thin feature composing an apparentiykfi  centerd, of the shells and the ranges of their azimuthal angles
shell which was also detected by MHOO. The FWHM of thRom north,ang, are given. The relative intensity is with respect
two features in the profile (a) and the other four features ip the central peak brightness of the original image.

the profiles (b) to (e) are, respectively, about’’1.2.6", 1.5,

1.77, 1.6’ and 1.4. The error margins are around 0.4n a

more general way, we have estimated the FWHM of 23 shelfgximum FWHM value of 2.0is found for the shells located
at radial distances from”4to' 80" (see F|g.[|9).' We found a gt ahout 24 and 2%, between 105—13%nd 60-85, respec-
mean FWHM value of 16 with a standard deviation of 0:3 tjyely. The furthest analyzed shell, located at about 86m
The minimum FWHM value of 12is found for the innermost center, between 30-85has a FWHM= 1.9”. The error bars

analyzed shell, located at about #om center between 40—y hetween 0/3and 0.8 Thin shells are thus detected in the

100, and also for two shells located at abo(iténd 11’ from  \ynole envelope and even far from center. We therefore cannot
the center, between 150-T8hd 205-253 respectively. The gerive a clear increasing relation between the shell trésin

0.36 [

0.30 F e

Relative intensity (%)
o
N
[

(b)
d=39" ]
ang = 70-96
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5. Global view of IRC+10216

(@ - L -
d=11".15" | In order to better understand the possible links existirigyben

ang = 150-160 the almost spherical shells and the inner clumps, we describ
3 here the morphology of the inner CSE from the FORS1 image
1 together with the NACO data.
] Fig.[L0 (left panel) shows a closer view of Hijj. 4. MH99-00
®) E have detected three structures suspected to be shellsamseg
d=18-20"1 CLs
ang=220-a%0]  Within about 3.1 from the center, whereas no such shells are
1 found in our data, possibly because the HST data have a bet-
ter spatial resolution, despite their loweiNSratio. The clos-
= est identifiable structures are located betwe&1 and 16
© 4 from center. Regarding the core of the nebula, it appeaaslgle
ang“;g;j:o: asymmetric. Two dominant lobes much brighter than the rfest o
E the envelope lie around the center, making together a drect
of about 22 +2° with respect to North. The southern lobe being
40% brighter than the northern one. These features likslylte

Relative intensity (%)

(d) from scattered stellar photons in contrast to the reflectdatg
oo 4-2-41 ticlight seen elsewhere in the envelope. Such bipolar maph
ang = 200-230 7

ogy could be an indication that scattering is mofigce&nt in
r 1 the polar direction. It could be roughly reproduced by a $amp
020 - model of scattering dust grains in a non-spherical dustgenv

g lope, with evacuated polar regions, around the star, thiersys
being tilted away from the observer (see e.g. Men’shchikov e
al.[200]). We however note that the main shape of the bipolar
. nebula slightly dfers from the one reported by MHOO from
024k their HST image, possibly due to theffégirent spatial resolu-

—° - -2 o 2 4 6 :
Relative offset (arcsec) tion.

Fig. (right panel) gives a representation of the
Fig. 8. Profiles of some shells considering their non-concentiiRC+10216 core, by superposing the NACO and FORS im-
nature (see text for details). There are two shells in theebaages. The two images were arbitrarily positioned by coincid
(a) and one in the others. The given parameters follow thesaimg their intensity peaks. We are conscious that this assomp
definitions as in Fig.]7. The ranges in the shell distancelsao may be crude since the V and IR images result from veffgdi
centerd, are due to their non-concentric nature. ent physical processes. However, this composite image-repr
sents for the first time both the extended layers and the &ipol
core together with the real size of the inner clumps, and puts
forward the dfficulty of finding a link between such small and

= 3, , large scale morphologies. Firstly, evidence of clumps ifamf

e 1 the center was notfound by Huggins & Maurgn (3002) in a pre-
E 2F m { } } } E vious analysis of the same FORS1 image. Secondly, shells can
—: } % : ﬁ { } { E 1 not be identified in the NACO images. We note that, although
gt E the region composed of clumps A to D roughly looks like a

ring, its center (the depression feature) is not compatilitie
the star position estimated by Murakawa et gl (2005). Kinal
the bipolar structure detected in V-band is also not claddn-
tified in the near-IR.

Fig.9. Relation between the thickness of the shells and their
distance to the center.

0] 20 40 60 80
Distance to the center (arcsec)

6. Conclusion

We have described in this work very high quality images of
and the distance to the center such as that proposed by MHB@. CSE of IRG 10216, from its most inner regions to the
However, the shells found rather close from center could b@st external ones. In the central arcsec scale of the JHKL
resolved into even thinner ones. We therefore could have ovienages, sub-arcsec structures (or clumps) identified bgroth
estimated their thickness. In consequence, either thes 93bp authors have been recovered about 4 years later. We have also
the thickness variation with distance proposed by MHOO@outllerived a map of the brightest clumps found close to the core o
still be valid but with very thin shells close to the star, bet IRC+10216. The morphology of these clumps varies strongly
shell thickness increases much less than that estimatéebg t with increasing wavelengths and we propose that the closest
authors. structures have about the same temperature. Furthermpore, b
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Fig.10. View of the IRG+10216 CSE inner morphology. Left panel shows the closesttsires around the center detected in
V-band. Right panel shows the V-band image core, on whicholkeas superposed the NACO H-band image. The overlapping
has been done by assuming that the NACO and FORS peak bghareefound at the same location.

analyzing their apparent relative motion, we cannot conttiren deviate from sphericity and thus favor the formation of khel
uniform outflow acceleration previously proposed sinceyonlike features anfr clumps.
two bright clumps appear to be accelerated (but at a smaller Moreover, it is interesting to note that the very complex
rate than that already estimated), whereas others clumyd castructures found around IRCL0216 may fect the chemical
have a constant velocity or even no relative motion. At mu@domposition of its envelope. For instance, the clumps dedec
larger spatial scales (up to a few arcmin), we present a ngw mary close to the central core may favor, by their thermody-
of the non-spherical incomplete shells characterizingGB& namical properties, the formation of the graphite obseived
of IRC+10216. Owing to the high spatial resolution of our impresolar dust grains (Bernatowicz efal. 4005). Furtheegtbe
age, most of the thicker shells actually appear to be comtboggesence of high density shells in the photochemicallyacti
of thinner elongated ones. Their thicknesses appear rattier regions could change the molecular distribution in the Epe
formly distributed between about'land 2, regardless of the by blocking external UV photons (see e.g. MHOO; Brown &
distance to the center. Finally, we have combined the NAQ®@illar p003). Then, high contrast shells of complex molesul
and FORS images in order to provide a more global view nfay be formed more easily, as confirmed by some millime-
this CSE and to compare the typical size of the clumps foutet observations (see for instance, HCQ,H, C4H and HGN
very close to the center with the bipolar nebula and with theaps by Guélin et alf, 2000, and CO maps by Fong gt al.] 2003).
much more external shells. Finally, future high spatial resolution images of this CSE
are still mandatory in order to better understand the mstion
of its clumps (and in particular the clump H superposed on the
This study has confirmed the very complex nature of thgisumed central star), their formatifauling, the central star

IRC+10216 envelope with asymmetries already present on thesition and the possible evolution of the external sheltbair
AGB. Neither the morphology at fierent spatial scales nor thehree-dimensional morphology.

motions detected very close to the center can be satisjactor
explained by current models on the mass-loss mechanismgRnowledgementsWe thank N. Mauron for fruitful and stimu-
AGB stars and their typical time-scales. For instance, 8afd |ating discussions over all these years and his commentshen t
Hofner and references therein) have predicted dBal manuscript, and D. O'Brien for proofreading it. The Braailiagen-
sity distributions not compatible with those observed abu cies CAPES and CNPq are thanked for financial support. P.derha
IRC+10216 (see also on the same topic Meijerink e{al., pP003)yknowledges support from the CNRSSU (Actions Thématiques
Another scenario for the formation of the shells in a sphefpnovanteyand MESR(Jeunes Chercheuts)
cally symmetric stellar wind has been explored by Soker @200
). He proposed that these shells could be connectedkto GO
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