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Abstract. We report on the properties of the multiple shells IRC+10216 is the nearest carbon star with a high mass loss
in the circumstellar envelope of IRC+10216, using deep optate. It has been intensively observed at infrared and millimeter
cal imaging, including data from the Hubble Space Telescopeavelengths, and serves as an important archetype for the study
The intensity profiles confirm the presence of thin@(’5-3"), ofmasslossonthe AGB. For the distance we adopt 120 pc (Loup
limb-brightened shells in the envelope, seen in stellar and aet-al| 1993) which is consistent with most recent estimates. The
bient Galactic light scattered by dust. The shells are spacednass loss rate is 2 x 10~° M, yr—!, the terminal expansion
irregular intervals of~ 5”-20", corresponding to time scalesvelocity of the gas is 14 km™s, and the molecular envelope
of 200-800 yr, although intervals as short-ad” (40 yr) are can be detected out to 200” from the star (see, e.g., Huggins
seen close to the star. The location of the main shells show$s995).
good correlation with high-resolution, molecular line maps of Although IRC+10216 is faint at optical wavelengths, we
the inner envelope, indicating that the dust and gas are well coeeently reported deep imaging i andV with the Canada-
pled. The shell/intershell density contrast is typically3, and France-Hawaii Telescope (CFHT) that provides an extended
we find that the shells form the dominant mass componentwéw of the envelope at arc second resolution (Mauron & Hug-
the circumstellar envelope. The shells exhibit important evolgins[1999, hereafter Paper 1). At these short wavelengths, the
tionary effects: the thickness increases with increasing radiegsyelope is seen in dust-scattered, ambient, Galactic light. The
with an effective dispersion velocity of 0.7 kntsand there CFHT images show that the envelope consists of a series of
is evidence for shell interactions. Despite the presence of bipmsted, multiple shells. The shells are of particular interest be-
lar structure close to the star, the global shell pattern favorga@use similar structures have been seen in several post-AGB
roughly isotropic, episodic mass loss mechanism, with a rangigiects (e.g., Terzian & Hajign 2000) where they are remnants
of time scales. from the AGB, illuminated by the central star. The presence
of shells in the archetype IRC+10216 provides strong evidence
Key words: stars: AGB and post-AGB — stars: mass-loss — stathat multiple shells are a common feature of mass loss on the
individual: IRC +10216 — stars: circumstellar matter AGB.

IRC+10216 is well suited for a detailed study of the shells
because they are relatively evenly illuminated by external radi-
1. Introduction ation and because IRC+10216 is much nearer than any of the

more evolved cases, typically by factors of 5-10. In this paper,
Mass loss plays a major role in the evolution of stars on th@ examine some aspects of the shells, based on the observa-
Asymptotic Giant Branch (AGB). The mass loss history of thgons reported in Paper | and archival HST WFPC2 observations
stars is recorded, in part, in the structure of their extended Gifhich provide a gain in angular resolution of a factat0. The

cumstellar envelopes, and there is evidence in some casesjit provide basic constraints on the properties of the shells and
deviations from spherical symmetry and important temporgleir evolution.

variations. These asymmetries and variations provide crucial

information on the mass loss mechanism, and are essential for

the correct interpretation of observations of the physical and

chemical properties of the envelopes (see, e.g., recent revidv®bservational data

by Olofssori 1939, LopdZ 1999, Glassgold 1999). The CFHT observations are described in detail in Paper I. They
Send offprint requests tl. Mauron consist of B and V' band images over a large field in which

* Based on observations made with the Canada-France-Hawaii télividual shells are identified out to distances-of 80" from
scope, operated by CNRS, NRCC and UH, and on dearchived obdBg star and the azimuthally averaged envelope is detected out
vations made with the NASA/ESHubble Space Telescopeperated t0 7 ~ 200”. The pixel size i9)’44 and the S/N ratio of the
by AURA Inc., under NASA contract NAS5-26555 envelope signal (a few percent of the sky background) i&
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Fig. 1. The multiple shells in IRC+1021&eft panel:CFHT V-band image. Field i823" x 223", with North to the top, East to the lefight
panel:HST WFPC2 widel” image, with a smooth, radial profile subtracted to enhance visibility of the shells. The fidltbisc 74”5, rotated
26° counter-clockwise with respect to left panel.

per pixel atr = 20", on theV frame. For reference, the CFHTradiation field is dominated by ambient Galactic light, and this
V band image is shown in the left hand panel of Elg. 1. is supported by the appearance of bright shells that cross the
The HST observations useful for a study of the shells conslatitudes of the shadow. In this outer region, the illumination is
of a series of exposures in the widle{F606W) filter. Details not strongly directional, and the envelope is seen to be roughly
are given in the appendix. The final image has a usable figidcularly symmetric.
of 7475 x 745 of 0’1 pixels, centered on the star, and the In order to show the shells with maximum clarity, we have
SIN of the envelope is- 3 per pixel at 20 from the center. also produced a composite image in which we have rotated
An enhanced version of the image with a smooth, azimuthalipd rebinned the HST image and combined it with the CFHT
averaged profile subtracted to emphasize the shell structuraiiage. The result is shown in Fig. 2 with a smooth, radial profile
shown in the right hand panel of Fig. 1. subtracted to enhance the contrast.
As canbe seenfrom Fids. 1ddd 2, the main arcs are separated
by typically 8'—20" (which corresponds to time scales of 200—
800 yr), and they are prominent over a rarigd5° in azimuth
3.1. Comparison of the CFHT and HST data although they may also extend over much larger angles at lower

The images shown in Figgl 1 provide an overview of the multiplgvels' We also note that the indjvidual arcsare often not exactly
shells in the envelope of IRC+10216. The HST field covers tr?gntered on the star'. The fracﬂonal radial variation (?f th? ares,
central regions of the CFHT field and is rotated® 2®unter- Pmax — Pmin)/Tmean, 1S dlstrll:_)uted betweer 0 and 12.@’ with
clockwise. The bright star to the South and the galaxy to tﬁeweak.tendency for more qrc_ular arcs at Iarg_er radii. Thg non-
o X X . circularity almost certainly indicates differential bulk motions
West of the center facilitate the registration. Inspection of the . .
images shows that they exhibit essentially the same basic shneﬁhe. shells up KAV/V_T 12%, whereV"is the expansion
structure (e.g., the prominent arc between the bright star to %eeocny, OrAV ~2km s
South and the galaxy to the West), confirming the presence of

the multiple shells reported in Paper |. The resolution is high&r2. The central regions

but the S/N is '°".Ver in the HST image, and the appearancers, prominent bi-conical illumination seen at the center of
affected by the slightly longer wavelength of the widdilter, Figs[1 (right) and2 has opening angles of 8 the North

which increases the contribution of light from the central star, d 8T to the South. The bipolar axis lies BtA. — 8° (with

The dramatic bi-conical appearance of the center of the H . ; . .
. . . . ._Tespect to true North), in rough agreement with the orientation
image occurs because the inner region is dominated by radiatign
S . . of structure seen on much smaller angular scales atlonger wave-
which filters out from the central star along a bipolar axis, a

a bipolar shadow is seen out to about 15”. Farther out, the engths (€.g., Haniff & Busch&r 1998, Weigelt etal. 1998).

3. The multiple shell envelope
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Fig. 2. Composite image of the inner envelope of IRC+10216, maggqg. 3. Central10” x 10” field of the HST wideV’ band image. North

by combining the CFHTV and the HST widé/ band images. The |ies 26°counter clockwise from the top. An unsharp mask has been
pixel size is 044, and the field i§0” x 70”. North is at the top, East applied to enhance small scale structure (see text).

is to the left.

The direct HST image of these central regions closely reecessary to take this into account to avoid blurring of the pro-
sembles the HST image at ~ 8140 A reported by Skinner files that occurs in taking purely radial sectors. Accordingly, we
et al. (1998). The south lobe-(3700 counts) is brighter thandetermined the center of curvature for each shell, and measured
the north lobe £ 400 counts) consistent with a tilt in the axighe azimuthally averaged intensity along curved arcs parallel to
towards us in the South, estimated to 4e20° with respect the shell, in sectors of 2650° wide. Pixels affected by stars,
to the plane of the sky by Skinner et dl. (1998). In order @alaxies or other small defects were ignored. Radial bin§®f 0
emphasize the structure of the central region against the véri pixel) were adopted for the CFHT data arf@@2 pixels)
steep background, we have divided the image by a smootfietthe HST data, as a compromise between obtaining the high-
version, averaged ovérx 5 pixels (FigB). To the south in this est angular resolution and an adequate S/N ratio. The number
image one can see three distinct shells at 173, 179, and of pixels over which these averages are taken is 40-95 (CFHT)
3’1. To the North at similar distances there are several spasd 120-350 (HST), which greatly improves the S/N. Examples
which we interpret as shells, illuminated by narrow beams of these local profiles, extending 5" inside and outside the
radiation from the center, as in CRL 2688 (Sahai et al. 199®gaks, are given in Figl 4.

The radial separation of these inner shells and spot6is132, The general character of the profiles in Eig. 4 confirms that
which corresponds to times scales of 25-50 yr. the arcs are limb-brightened, thin shells, as opposed to linear
filaments. To place the scale of the figure in perspective, the
peak intensity of scattered light seen towards the center of the
envelope (the plateau in F[d. 1, left) is 132 counts in the CFHT
The detailed properties of the shells provide basic constraintsiorage, so the peak intensity of the bottom CHFT profile in[Hig. 4
the origin and evolution of structure in the circumstellar envés ~ 20% of the plateau. Similarly for the HST data, the plateau
lope, and here we focus on what can be learned from the predem¢l is~ 2.6 counts, so the peak intensity of the bottom HST
data. profile is ~ 20% of the plateau. Note that although the non
circularity of the arcs is taken into account in extracting the
profiles, the geometrical distortion is not very marked, and for
the purpose of analyzing the shells further, we assume them to
First we describe measurement of the radial extent or thicknésscircularly symmetric.

of the shells which can be determined from the shell intensity Two approaches were used to measure the shell thickness.
profiles in the CFHT and HST images. We emphasize the mdrke first, independent of any assumed model, simply consists of
prominent arcs in order to ensure adequate S/N. As alrediting a gaussian to the shell profile, after subtracting a polyno-
noted above, some shells are distinctly non circular, and itrigal fit to the background signal. This provides a reasonable fit

4. Shell thickness, contrast, and pattern

4.1. Shell profiles
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Fig. 4. Intensity profiles of the shells in the
CFHT and HST images. The abscissa in-
creases away from the star. For clarity, inten-

| ¢ W i sity shifts have been applied to the profiles
as follows. CFHT (a—f)—35, 0, +35, +70,
I l +100, +120, and HST (a—g):1.1, —0.45,
b . +0.35,+0.9,+1.75,+2.2,+2.6. The locations
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of the shells in radial distanc€) from the
central star and P.A. from North (min—-max
in °) are CFHT (a—f): 283 285°-327, 27
198-248, 35 297-333, 39 55-101, 55 347—
020, 58 23-53; and HST (a—g): 11.5 313—
- 340,14.3149-196, 18.7 298-341, 20.0 230-
A S B S i [ S 276,31.5332-359, 35.0299-325, 36.0 326—
-10 -5 o 5 10 -5 0 5 356. Note that CFHT shell ¢ corresponds to
Distance from shell (arcsec) Distance from shell (arcsec) HST shell f.

2800
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Bl L L B forming the shell of thicknesAr. For illumination by the in-

terstellar radiation field in the optically thin limit, the observed
intensity is proportional to the column density along any line of
sight. Profiles computed from this model, taking into account
the effect of the point spread function can then be used to fit the
observed profiles. An example of a profile fit is shown by the
solid line in Fig[5. Because the shell thickness determines the
rapid rise and fall on the inner and outer edges of the profile, the
determination ofAr is rather insensitive to the shell contrast
and optical depth (which are discussed further below). For ex-
ample, the dotted curve in F[d. 5 is for an extreme model where
the shell dimensions are the same as for the solid curve, but the
interior of the shell is now completely empty: it can be seen that
the thickness of the intensity profile is relatively unaffected.
The thickness of the shells estimated by these two methods
1 1 1 1 1 1 1 1 1 were consistent, and we were able to measure good shell profiles
% 50 35 40 45 50 in 25 cases, several others proving to be too irregular or too noisy.
Radius (arcsec) In each case the shell is resolved, with = (//5-3” covering
) o ) ] shell radii from 13 to 78’ (CFHT) and 10 to 358’ (HST).
5'3{ ;.S[%ellsprlgc:lleflt. H'Stogcrjarln IS tfhle Ot.);ervfd ?FHporOf"e/!abe"e%ecause of our selection requirements, the results refer to the
g2 Solid curve is model profile withr = 3.0 and outerinner. ., o .o minent shell structures in the envelope. The thickness
contrast of 3.4/2.3. Dotted curve is profile for same model with ng . Lo
material interior to the shell. oft'he sheI.Is is p!otted VS, ;hell ra@us in Fﬁb 6, and shows gtrend
of increasing thickness with radius. This trend is present in the
separate CFHT and HST data sets, and can been seen directly
in most cases, and gives an apparent thickess(FWHM), in Fig.[4, where the shells are ordered by increasing radius. This
which can be corrected by the effect of the point spread functigffect is discussed further in Sect. 5.
to estimate the shell thickness.
The segopd approach is to fit a simple ;he_ll model to “192 Shell density contrast
data, consisting of a background envelope inside and outside
the shell, with a constant expansion velocity and constant masge density contrast between the shells and the intershell re-
loss rate (i.eq(r) ~ 2, wheren is the number of dust grainsgions is a second important characteristic of the envelope that
per unit V0|ume)' with a narrow shell of enhanced mass-loggn be obtained from the shell intensity profiles, but is difficult
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Fig. 6. Variation of shell thickness)\r, with shell radius. The filled
and open circles are HST and CFHT data, respectively.
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Fig. 8.0verview of multiple shell patternin the envelope ofIRC+10216
from the HST and CFHT observations. Heavier lines denote the more
prominent arcs.
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A more complete approach, taking into account the overlap
of shells along the line of sight, is illustrated in Hi§. 7. Here
we model an extended radial intensity profile of the envelope,
for P.A. = 214°, taken from the CFHT data in Paper |. The

& 02 shell and intershell regions are all taken to be characterized by
z n(r) = Cr=2, whereC is the relative mass loss rate in each
é i region. The shells are assumed to be complete, which overesti-
= 04 mates their contribution to the general profile since they tend to
%% i be prominent over a limited azimuthal angle, but this is roughly

compensated by the fact that other shells will also contribute
which are not seen as prominent arcs when they do not intersect
the plane of the sky. The optical depth of the shells is taken
into account using the analytic solution to the radiative trans-
fer equation for external illumination for any scattering angular
distribution function when the albedo = 1. In this case the
observed intensity is given by = I,(1 — e~ "), wherer is
the optical depth along the line of sight afgdis the interstel-
Fig. 7. Multiple shell model fit to radial intensity profilk.ower panel  |ar field (see Mattila 1970). This expression gives an excellent
Histogram is observed radial intensity profileRatA. = 214° from  approximation to the more complete radiative transfer problem
Paper I; §o|id line is myltiple shell model fiUppgr panel Density for a homogeneous envelope (Martin & Rogérs 1987) and to
contrast in the model fit, expressed as the relative mass-los<fatey, o psorved, averaged, radial profile reported in Paper I. For
wheren = Cr~2. Note that details of the profile have not been fit fthe model cal,culations t,he column density i lated to th i
r < 15" because of the high optical depth. . ! . Iy 1S rerated fo the op

tical depth along the line of sight by requiring theapproaches

1 nearR = 10” where the average intensity profile reaches a

level plateau equal to the ambient radiation field (see Paper | for
to determine in detail because of the large variation among tetails).
shells. One simple approach is to assume that each shell is su-The shell intensity profile calculated in this way is fit to the
perposed on a smooth envelope background, and this wasdhserved profile in the lower panel of Hig. 7. The upper panel
model adopted in the previous section, assuming optically thehows the corresponding density contrast in terms of the scaling
conditions. The shell-intershell contrast determined for the cgsrameterC. It can be seen that the shell/intershell contrast
shown in Figlh is 2.3 and 3.4 when compared to the envelogaries up to a factor of 10 for the most prominent arc, butis more
interior and exterior to the shell, respectively. For the other caggpically ~ 3, consistent with the simpler estimates discussed
examined in this way, the contrast is typically 2—-3. above.

—-0.6

. . . | . . . | . . . |
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Fig. 9. Comparison of the gas and dust shells in IRC+10216. The white contours represent the distribution of millimeter molecular line emission
in CN (left pane) and GH (right pane) from Lucas & Glin (1999), superposed on a greyscale dust image based Fig. 2. The axes are
labelled with offsets in arcseconds from the center.

4.3. Global pattern presence of discrete shells, however, the dust will move ahead

. . . oﬁ the gas with which it was ejected, and can interact with shells
Because the complete shell pattern is not well seen in any single. or out

image, we show a sketch of the envelope in Eig. 8 which sum- The detailed distribution of the gas in the envelope of

marizes the main features. The straight lines passing thr°u9h£\§8+10216 is not known, but a rich structure is evident in high

center |nd|c_ate the blpplar axis measurgd In Sect._3.2, and Solution millimeter maps of molecular emission, made with
corresponding equatorial plane perpendicular to this. As canbe

seen from the figure, there is no obvious symmetry about eitf}fb
axis.

IRAM interferometer (see @lin et al. 1996, and Lucas

uélin[1999). The molecular emission is modulated by the

One striking aspect of the overall pattern is the irregule?(Citation of thg trans_iti_on _a_nd by circumstellar chemist_ry, but
Mere are sufficient similarities between the maps of different

shell spacing. The main arcs are separated 5/—20’, corre- . . .
sponding to time scales of 200800 yr, but there is also Smalrf?lecular species that the locations of density enhancements

. n be inferred.
scale structure. Only in the SE quadrant out-te- 25" are . : —
the shells roughly evenly spaced (by3"—4"), but elsewhere We examine the relation between the dust and gas ifiFig. 9

o h by comparing the optical image from .2 with maps in the
this is not the case. There is also a tendency for a lack of cl%yﬁ (1_8) an(?the g]—|p(9/2—7/2)glines W:]:Eh are repres%ntative
spacing at larger radii, and there are distinct examples whe ;

. X . Bfemission from different classes of molecules. The molecular
223 gg,cgmv\;)scvﬂ:;:n;;rﬁfg ;Vr:tezhll?:tfrrascr:iilfs(e.g” at o, maps are adapted from Lucas & &in (1999). The resolution
' ' is ~ 3" and the contours simply represent the overall distribu-
tion and the location of peaks of the observed emission near
5. Relation to the circumstellar gas the systemic velocity, which approximately corresponds to the
heé'lvelope in the plane of the sky. For more detailed information

In addition to providing a detailed picture of the dust shells, t : s
observations offer a unique opportunity to study the relatlonﬁPd maps of several other species, seeliBiet al. ), and

the dust to the gas in the envelope. Under the influence of §eas & Guelin (1999).

radiation field of the star, the dust is expected to drift through trﬂs CT% 0[92 12h§)\(/¥1?bitth;‘tretrgzrg;tlgbg:o;eo; f(cj:l;f:elaa ?i?)ng?: Clrlll
gas with a velocityy. For steady state conditions and a nu g .

e . // -
ber of simplifying assumptions (.94 > Vthermal), the drift m(Ieft panel), the prominent CN peak to the NWrat- 20" is

velocity is given bywy = (LVQ/Mc)0~5 wherel is the lumi- elongated and lies along a dust shell; closer in, a hemispheri-

. . . Lo | ridge of CN atr ~ 16” from N to S also corresponds to
nosity,V is the expansion velocity/ is the mass loss rate, anaCa
vV P W connected dust shells. Farther out, arcs of CN to the NW at

Q is the momentum transfer efficiency (Kwan & Linke 1982). " "o : e
For the parameters of IRC+10216, the drift velocity is expectéd 28" and the SW at ~ 26" lie along, but slightly inside,

to be~ 2 km s~ in the case of a homogeneous envelope. In ﬂﬁ)éomlnent dust arcs; since this is the edge of the CN distribu-
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tion, the slight positional displacements probably reflect modhis is consistent with timescales of decades found for episodic
ulation of the emission by photo-dissociation. To the East, thdest formation by several AGB stars (Danchi ef al. 1994).
detailed correspondence is less clear because the dust shells ar& second aspect of shell evolution is the possibility of shell
less distinct and closer together; nevertheless, there is a genietatactions. We have already noted several relevant observa-
correlation between the CN emission and the dust here as widins: the tendency of the arcs to be more circular at large radii
The GH (Fig.[, right panel) which is characteristic of specieSect. 3.1), the tendency for a lack of small spacing at larger
which peak atr ~ 16” shows a similar correspondence wittradii, the very narrow shell spacing (1”’) seen close to the star
the dust, which again is especially clear on the West side whére~ 1-3") in Fig.[3, and clear examples of shells touching
the dust shells are more separate. (Fig.[2). When we consider all these, we are lead to the con-
The similar peak positions and overall pattern of the duslusion that shell interactions could, and probably do, make a
and molecular emission imply that the dust and gas have ontribution to the structure seen in the envelope. For exam-
substantially decoupled (in the region covered by the figungle, slightly faster or slower dense shells, might sweep up less
since their ejection from the star. For a dust drift velocity as largense shells. Judging by the velocity variations implied by non-
as 2 km s! quoted above, the dust peaks would lieditside circular arcs, these effects might sweep regidas~ 0.12r,
the gas peaks at= 20", and this can be reasonably ruled ouind the effects could be greater close to the star. The details of
by inspection of Fig.B. The explanation is presumably that tisech a picture merit further study.
drift velocity is lower in the dense shells because of the higher
local density, so the dust is more strongly coupled to the 9%BS Origin
than it would be in the completely homogeneous case. Higher”
resolution observations of the gas will allow this interestingarious models have been proposed for the origin of discrete
issue to be explored in more detail. shells in circumstellar envelopes, and we outlined those which
might be relevant to IRC+10216 in Paper | (see also Sahai et
al.[1998 in connection with the shells around CRL 2688). We
6. Shell formation focus here on the constraints offered by the current results.
One popular class of models rests on the effects of a binary
companion. In the model by Harpaz et al. (1997) which was
The observations described above reveal severalimportant cHgkised for CRL 2688, the binary companion in an eccentric
acteristics of the shell structure in IRC+10216. We first note th@#bit modulates the mass loss to produce shells. Predictions of
the shells are not cosmetic effects in the envelope. If we talke model include the strict regularity of the shells, and a shell
the simple multiple shell model described in Sect. 4, the mailth that increases with time (or decreasing shell radius). The
in the shells is~ 70% of the total, including the shells and theformer is not consistent with our observations, and the latter is
intershell regions. Although the exact fraction is uncertain bgontrary to what we observe.
cause we do not know the detailed structure, we conclude thatA more recent model for the formation of shell structure
the shells are the dominant mass component of the envelopBas been proposed by Mastrodemos & Moiris (1999) in which
The properties of the shells provide strong evidence for tReclose binary gives rise to a spiral shock covering most of the
evolution of the shells within the circumstellar envelope aft&@lid angle surrounding the star. Three aspects of the observa-
they have been ejected by the star. One aspect of the evgmps of IRC+10216 address this model. FiI’St, the irregular arc
tion is the dispersion of the shells which is expected on veppacing that we observe is not a feature of the model, whose un-
general hydrodynamic grounds and this is directly observedd@rlying binary mechanism gives rise to a highly regular struc-
the increase of\r with shell radius in FidJ6. The increase igure. Second, there is no evidence for a half period mismatch of
roughly linear, albeit with a large scatter, withr ~ 0.05r. the shells along the poles of the bipolar axis. There is indeed a
Sincer ~ Vt, wheret is the age of each shell, this also cordistinct gap in the shell structure to the Northrat 20, seen
respondsAr ~ AVt where AV is the effective dispersion inthe dustand in some of the molecular maps, but at larger radii
velocity whose value is given bV ~ 0.05V or 0.7 km s'!.  and to the south the arcs appear continuous across the bipolar
Physical processes that will contribute to the dispersion inclu@¥s. A third expectation from the model is some degree of re-
turbulence and differential grain drift velocities (which depenection symmetry about the equatorial plane in cases seen close
on the grain size and local gas density), as well as the effectd@gdge-on (which is the case for IRC+10216): no such effects
shell merging. It is interesting to note that the velocity dispefe evident in Figl8. Itis possible that the evolutionary effects
sion of the gas has been measured from molecular line profifg¥ed above could mask all these features of the model, but at
of the envelope and is found to e/ (FWHM) = 0.9 km s~*  the moment there is no strong evidence to support it.
(Huggins & Healy 19856), remarkably similar to that estimated A different scenario that indirectly involves a companion,
here for the dust. has recently been proposed by Soker (2000), based on mass loss
The dispersion of the shells also implies that the shells degulated by the presence of magnetically active, cool portions
quite thin when they are ejected from the star. If we extrapols2&the rotating photosphere. This gives semi-periodic mass loss
the slope in Fig6 back to small radihr will be < (/5 which ~ but detailed predictions for the shells remain to be worked out
corresponds to a thickness105 cm, or atime scale of 20 yr.

6.1. Evolution
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before the observations can be considered positive support .= S
this mechanism. i

For the case of IRC+10216, we emphasize two things. Fir -~
the importance of shell evolution in relating the observed she:
patterns to the mass loss mechanism. Second, the presenc:
a wide range of shell spacing, corresponding to time scales,
short as 40 yr (close to the star) and as long as 800 yr. A+
consistent model needs to account for this. ‘ 2

7. Conclusions

The observations reported here confirm the presence of a c¢
plex, multiple shell structure in the circumstellar envelope ¢
the archetype AGB star IRC+10216. This structure is importa
because it is likely a common feature of mass loss on the AC:
and offers crucial insights into the mass loss mechanism.

In IRC+10216, the shells are spaced at irregular interv
and show a good correlation with high resolution moleculi:: .
line maps of the inner envelope, indicating that the dust and ¢**
are well coupled. The shell/intershell density contrast i8,
and we find that the shells form a major mass component - =

the envelope. The shells show effects of evolution within the, , | s \vEpc2 widev image of IRC+10216, with a loga-
envelope, including shell interaction and shell dispersion, wi ,?hmic transfer function. The image &5 x 74”5 with 01 pixels

a dispersion velocity of 0.7 knTs. These observations Plac&, iented with North 26 counter-clockwise from the top.
basic constraints on the mass loss process and shell formation.

They favor a mechanism that is isotropic, with a broad range of ) o )
time scales. margins were discarded, and the resulting image consists of

745 x 745 01 pixels.
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