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arrizo�iram.frSummary. This is a review of the most relevant results obtained sin
e the previousAsymmetri
al Planetary Nebula meeting, in July 2003, providing information on thepresen
e of asymmetries in the 
ir
umstellar envelopes of AGB stars, from the farinfrared to radio wavelengths. The AGB mass loss is known to be mostly isotropi
and the mass loss rate approximately 
onstant (in time s
ales of about a few thou-sands years). More and more maps of radio lines show, however, anisotropies andtemporal variations in the mass loss of AGB stars. Some few AGB 
ir
umstellarenvelopes present axisymmetri
 mass distributions similar to those usually foundaround post-AGB stars.1 Introdu
tionAt the time of the last Asymmetri
al Planetary Nebula meeting, in July 2003, theAGB mass loss was thought to be mostly isotropi
 and 
onstant in a few 1000 yr.However, some anisotropies and time variations had been already observed in somefew obje
ts. The opti
al image obtained by Mauron & Huggins [21℄ showed, in lights
attered by dust grains, rings and ar
s within the extended 
ir
umstellar envelope(CSE) around the AGB star IRC+10216. Similar ar
s or rings were not seen aroundany other AGB star before 2003, but they were found in the opti
al images of severalPN and young PN (see [30℄ and referen
es therein).Observations of maser emission of OH, H2O and mainly SiO have providedinformation about the presen
e of stru
ture in the innermost layers of many CSEsfrom the operation of the large networks of VLBI, in the Nineties. Maser emissionis found to be 
on
entrated in spots 
lose to the star, in spatial s
ales of tens ofmilliarse
onds, within a few stellar radii of the stellar surfa
e, between the hotmole
ular inner envelope and the 
ooler region at 3-5 stellar radius, where the dustforms. In
omplete 
lumpy shells are observed in SiO, predominantly in expansion,and with some other 
omplex motions (see e.g. [6℄).In the Far Infrared, IRAS provided data in a large sample of AGB stars (seee.g. [35℄, [14℄ and [34℄). The spatial resolutions of su
h maps (∼ 1′ at 60µm) did notallow however an analysis of the presen
e of asymmetries. ISO/ISOPHOT providedhigher spatial resolution, ∼ 20′′ at 90µm, and some stru
ture was dete
ted in CSEs.
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e, Izumiura et al. [17℄ noti
ed that in Y CVn the star is not lo
ated atthe 
enter of the extended emission and that the brightness is not 
onstant aroundthe shell. A variation in the mass loss rate in a time s
ale of ∼ 10000 yr was alsodedu
ed.CO is thought to be the main tra
er of mass around AGB stars. Most of whatwe knew in 2003 about the mass distribution around AGB stars 
ame from the wideatlas of CO emission by Neri et al. [24℄. They observed between 1992 and 1995 withthe Plateau de Bure (PdB) interferometer a large sample of AGB stars. This workwas important to determine the averaged 
hara
teristi
s of the AGB 
ir
umstellarenvelopes (sizes, masses, temperatures), and allowed the 
on�rmation that the AGBmass loss is roughly isotropi
. They missed however spatial resolution and sensitivityto study more in detail the 
hara
teristi
s in the mass loss.From then until 2003 only a few pe
uliar AGB 
ir
umstellar envelopes weremapped in mole
ular lines. TT Cyg and U Cam were observed by [25℄ and [19℄,respe
tively, and around both stars a large, deta
hed, thin shell surrounding a se
-ond, 
ompa
t mass loss was found. Note, however, that the presen
e of deta
hedshells as those seen in U Cam and TT Cyg are thought to be a pe
uliarity ofthe mass loss of a few AGB stars. Otherwise, only the CSE around IRC+10216had been well mapped with an interferometer. Fong et al. [8℄ mapped the 12CO
J =1−0 emission by 
ombining BIMA millimeter array and NRAO 12m teles
opeobservations. They obtained a spheri
al large envelope, of ∼ 250′′ in diameter, withmultiple brighter 
lumpy ar
s, in
omplete shells, expanding at a 
onstant velo
ity.They proved therefore the presen
e of mass loss �u
tuations at short time s
ales, of
∼ 1000 yr, 
on�rming the nature of those stru
tures seen in the opti
al [21℄ or bymapping other mole
ular lines [13℄.Continuum emission at 1mm was also imaged in IRC+10216 by [12℄, but thespatial resolution of 11′′ did not allow a 
on
lusion about the presen
e of asymmetriesin the mass loss.In the next se
tions, a review of the observations providing information aboutthe presen
e of asymmetries in AGB CSEs, sin
e July 2003, is presented. Manyimportant results were obtained in the last years due to operation of instrumentswith higher and higher spatial resolution and sensitivity, and also the improvementof the analysis te
hniques.2 Far Infrared ImagingMIRIAD is a proje
t aiming to tra
e the mass-loss history of large AGB envelopesby imaging the FIR emission (at 70µm and 160µm) using MIPS at the Spitzer Spa
eTeles
ope. Ueta et al. [32℄ presented the �rst MIRIAD results for the AGB star RHya. The 70µm map (Figure 2) shows an ar
-like surfa
e brightness distributionsurrounded by fainter emission of ∼ 400 ′′ in diameter. This paraboli
 distributionis interpreted to 
orrespond to sho
k-ex
ited line emission (su
h as [O I℄ 63 µm and146 µm) and lo
ally heated dust emission arising from a stellar-wind bow sho
kinterfa
e between the ISM and the swept-up AGB wind of this moving star (see[32℄). The asymmetries seen in the CO pro�les (e.g. [31℄) are likely explained bythe presen
e of the bow sho
k, in
lined with respe
t to the line of sight. Wareing etal. [33℄ reprodu
e, with a three-dimensional hydrodynami
 
ode, the observed largear
-shaped stru
ture and its surroundings in terms of the intera
tion of the AGB
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kground/PRF-subtra
ted,mosai
ked MIPS maps of R Hya at70µm. The position of the star is indi-
ated by the star. The ti
k marks indi-
ate the angular o�sets in ar
se
onds.Linear 
olor s
aling of surfa
e bright-ness (in MJy sr−1) is shown at the bot-tom. A paraboli
 
urve, whi
h 
loselyrepresent the stellar-wind bow sho
knear the apex, is displayed by the dashlines.wind with the interstellar medium (ISM). They also spe
ulate that the presen
e ofdeta
hed shells around other AGB stars may be due to the intera
tion with ISM.In addition, in these pro
eedings Ueta et al. present the program MLHES, whi
his observing with the AKARI IR satellite the extended dust envelopes around asample of evolved stars.3 Mapping Maser emissionSeveral relevant works were performed in the last years on SiO maser emission inAGB 
ir
umstellar envelopes. Cotton et al. ([3℄ and [4℄) monitor the emission of twoSiO masers in nine Mira variable stars over several pulsation 
y
les. The size of themaser rings is found to vary by 3−14% with time, 
onsistent with models [16℄, butshow no 
lear 
orrelation with the pulsation phase. The lifetime of individual spotsis generally shorter than the interval between observations, of three months. Thelinear polarization fra
tion is found to show strong variations between epo
hs. Thepolarization ve
tors are mostly tangential to the masing shell, indi
ating a radialmagneti
 �eld. Rotation is possibly dete
ted in Mira. Several jet-like features areseen for Mira and R Aqr at several epo
hs. In addition, note that the SiO masershell monitored by [7℄ in TX Cam shows signi�
ant asymmetry and 
an be bestdes
ribed as a fragmented or irregular ellipsoid at many observational epo
hs. ForVY CMa [26℄ some maser 
omponents seem o�set from the inner stellar envelope,may be part of a larger bipolar out�ow.Soria-Ruiz et al. in [27℄, [28℄ and [29℄ analyze the distribution and 
hara
teristi
sof the emission from di�erent masers of 28SiO and 29SiO. The di�erent radial dis-tributions obtained for di�erent 28SiO masers are in 
ontradi
tion with theoreti
alpredi
tions. It seems that H2O IR lines 
ould alter the 
onditions to produ
e SiOmaser emission.4 Mapping Mole
ular GasIn the last years, there have been several proje
ts aiming to map the mole
ular lineemission in di�erent AGB CSEs. The improvement of the interferometers (in
ludingthe arrival of the SMA), and also of the te
hniques to merge interferometri
 andsingle-dish data, 
an explain this in
reasing interest. CO is thought to be the best
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er of the mass-loss, and so mapping the emission of low-J CO lines is the aim ofmost proje
ts.Interferometers �lter out a large amount of the �ux emitted by many 
ir
um-stellar envelopes, whi
h 
an be re
overed by adding visibilities at shorter baselines
oming from single-dish observations (see [1℄). The te
hniques to merge single dishand interferometri
 data have signi�
antly improved.Lindqvist et al., in preparation, performed On-The-Fly (OTF) observations withthe IRAM 30m teles
ope of the CO J =2−1 emission in U Cam, and merged themto the interferometri
 data published in [19℄. The resulting merged data show (inFigure 2) that there is emission also between the present mass loss and the outershell dete
ted by [19℄. In addition, we 
an see that the extended, roughly spheri
al,envelope around U Cam presents asymmetries at large s
ale (from west to east) andalso in the smaller s
ale stru
ture, with the presen
e of 
lumpiness.Hirano et al. [15℄ mapped the CO J =3−2 and 2−1 line emission in V Hyawith the SMA. The maps show fast, 
ollimated winds expanding perpendi
ular to adisk-like distribution, whi
h may be the remnant of a previous isotropi
 wind. Chiuet al. [2℄ imaged, also with the SMA, the CO J =2−1 emission in π1 Gru. A slowlyexpanding equatorial wind and a high-velo
ity bipolar out�ow are also identi�ed inthe CO distribution of this S star.
Fig. 2. (Left:) 12CO J =2−1 emission in U Cam at the systemi
 velo
ity, byLindqvist et al. in preparation. (Center:) 12CO J =1−0 brightness distribution inR Cas at the systemi
 velo
ity, by Castro-Carrizo et al. in preparation. (Right:) Az-imuthal average of the brightness distribution shown for R Cas, where the distan
ehas been 
onverted to kinemati
al time.Some other works imaged the CO distribution in other few AGB stars, e.g. [9℄,[22℄ and [23℄. Although in some of these maps asymmetries are identi�ed, a deepanalysis 
annot be made due to insu�
ient spatial resolution, sensitivity, or to thela
k of short-spa
ing data.Observations of CO in a large survey of AGB stars are being 
arried at IRAMwith the PdB interferometer and the 30m teles
ope. We aim at determining themass-loss history in AGB stars: their geometry, kinemati
s, photodisso
iation radius,
lumpiness, the eje
tions of 
ollimated fast winds, et
. A sample of 35 AGB stars hasbeen sele
ted to represent their diversity in the evolutionary status, initial masses,
hemi
al 
lasses, variability types and pe
uliarities in the CO pro�les. In order tostudy the last phases of the AGB mass loss and the transition to the post-AGB



From FIR to Radio Observations of AGB Mass Loss 433phase, 10 early post-AGB stars have been added to the sample of AGB stars. Thestrategy of the program 
onsists in observing with the PdB interferometer two 
losesour
es in two tra
ks, in the so-
alled tra
k-sharing mode. When needed, short-spa
ing observations are 
arried out with the 30m teles
ope, either in the OTFmode, mapping of a few points, or just observing at the 
entral position. Some ofthe results so far obtained are presented here.In Figure 2 it is shown the 12CO J =1−0 line emission at the systemi
 velo
ityin R Cas. Ar
s, perhaps in
omplete shells, are dete
ted at di�erent radii. Also inFigure 2 we see that the azimuthal brightness average presents variations in a timeinterval of ∼ 250 yr, whi
h 
an be interpreted in terms of mass loss �u
tuations.We also noti
e some departures from spheri
al symmetry. If we suppose that thedete
ted ar
s 
ome from two 
on
entri
 shells, they are not spheri
al. Otherwise,we 
ould spe
ulate whether the ar
s belong to a non-spheri
al distribution, e.g. aspiral.
Fig. 3. In the plot on the left, the innermost eight 
ontours present the brightest
12CO J =2−1 emission in TX Cam, at the systemi
 velo
ity. The outermost four
ontours show a more extended 
ir
umstellar 
omponent tra
ed by the 12CO J =1−0emission. The 12CO J =1−0 line emission is shown, at the systemi
 velo
ity, in IRC+10011, at the 
enter, and in V Cyg, on the right.The 12CO J =1−0 line emission (also J =2−1 for TX Cam) at the systemi
velo
ity in TX Cam, IRC +10011 and V Cyg are shown in Figure 3. Although in thethree 
ases the overall 
ir
umstellar envelopes are roughly spheri
al, we distinguish
lear asymmetries. TX Cam presents a hook-like stru
ture in the innermost regionpeaking at the 
enter, where the star is. It is not 
lear however that the outmostlayers of the envelope (seen in CO J =1−0) are 
entered at the same position.For IRC +10011, although the innermost layers of its CSE are quite spheri
al,the outermost ones show some elongation. Finally in Figure 3, we noti
e that thebrightness peak in the V Cyg map, at the systemi
 velo
ity, is not at the 
enter ofthe 
ir
umstellar envelope.In Figure 4 some 
hannel maps are shown of those obtained with a resamplingof 2 kms−1 for χ Cyg and RX Boo. The 
hannels displayed for χ Cyg are sele
tedto show 
hanges in the position of the CO emission at di�erent velo
ities, whi
hinterpretation is not 
lear yet. Departures from symmetry are somehow seen in all
hannels. For RX Boo we 
learly identify a symmetry axis and a position-velo
ity
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onsistently in all 
hannels, whi
h reminds those seen in X Her, V Hyaand IRC +50049, in Figure 5.In Figure 5 we see the position-velo
ity diagram of the CO J =1−0 line emissionalong the symmetry axis of X Her, and of the CO J =2−1 emission along thesymmetry axis of V Hya and of IRC +50049. In the three 
ases we have axisymmetri
brightness distributions probably resulting from hour-glass-like stru
tures. V Hyaand X Her seem to show some tra
es of gas expanding along the symmetry axis. Adeeper analysis is still needed to determine the kinemati
 �eld of those stru
tures.Results for 9 of the 35 AGB CSEs in the IRAM program are presented here.Departures from spheri
al symmetry at some degree are found, either at large orsmall spatial s
ale, in most of the maps so far observed and spatially well resolved.Parti
ularly, four of them (RX Boo, IRC +50049, V Hya and X Her) present strongaxisymmetries, the four sour
es being pe
uliar variables. A goal of the program isto relate 
hara
teristi
s of the CSEs to the nature of the stars, their evolutionarystatus, 
hemistry, et
. A deep analysis on the presen
e of asymmetries in the AGBwill be 
arried out as soon as the observational sample is 
ompleted. The presen
eof 
lumpiness is parti
ularly under investigation. Preliminary results from radiative-transfer modeling of our sample, by S
hoier et al. in preparation, indi
ate that
hanges of the mass-loss rate in time intervals of ∼ a few hundreds years mayhappen in many AGB stars.5 21
m HI imagingFinally, observations of the 21
m HI line emission with the NRT (by [18℄, [10℄ and[11℄) and with the VLA (by [20℄) with beams >∼ 2′ also suggest the presen
e ofasymmetries in the most extended CSE regions around EP Aqr, X Her, RS Cn
 andR Cas.

Fig. 4. Upper, three 
hannels of the maps of the 12CO J =1−0 emission obtainedfor χ Cyg, with a spe
tral resampling of 2 kms−1. Bottom, �ve of the 
hannel mapsthe 12CO J =1−0 emission in RX Boo, obtained with a spe
tral resampling of 2kms−1.
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Fig. 5. Position-velo
ity diagram of the (left) CO J =1−0 line emission along thesymmetry axis of X Her, and of the CO J =2−1 brightness distribution along thesymmetry axis of (
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