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Abstract MESS
Detached circumstellar dust shells are detected around three carbon variables using The Herschel Mass-loss of Evolved StarS (MESS) guaranteed time key program
Herschel-PACS. Two of them are already known from their thermal CO emission and two investigates the dust and gas chemistry and the properties of CSEs for a large sample of
from an extension in IRAS imaging data. By model fits to the new data sets physical post-main-sequence objects using both imaging and spectroscopy. The sample is a good
sizes, expansion timescales, dust temperatures and more are deduced. A comparison representation of the various types of objects, in terms of general type (early-, thermally
with existing molecular CO material shows a high degree of correlation for TT Cyg and U pulsing and post-AGB), spectral type (covering the M-subclasses, S-stars, carbon stars),
Ant but also distinct differences with other observables are found. variability type (L, SR, Mira), and mass-loss rates.
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Detached shells and mass-loss Modeling
oef vy =] Mass-loss increases  (on We consider the star as composed of two spherically
02 MW“ \ij r‘ff average) during the evolution s symmetric components: an attached shell reflecting the
L along the AGB [1], but already ) actual mass-loss and a detached shell representing the
lewp ge] in the late 80s observational old mass-loss. For the chemical composition we used
uz W~ A » 1 evidence was found for a more amorphous carbon with an average spherical radius of
], episodic picture of the mass- 0.05 um for the grain size. Using these parameters, a
ww "Wl 10SS evolution [2,3]. With IRAS grid of attached and detached shells was constructed by
4 <1  photometry a group of 60um = varying the dust condensation temperature, the optical
excess objects with very low depth at 0.55 pm and the maximum outer radius of the
i "™ Wy temperature dust was identified, shell.
: and in the course of a larger LOi”T' """""""" 0.25 T :
CO survey stars with obviously > 08:_ 2?2 )
detached gas shells were 51 oleed T
found. These two indicators for = 3 *°f % 0.05 Pl N\ 1
maybe the same phenomenon S 04l 0.00 b | M i
e . . E T 10 20 30 40 50 60 70 1
_ o6] = crg -u] Were used in the following 3 _
Foz) Mﬂ‘mw W‘f yealrs .to studr)]/ this interesting R
i 26> | ev.o utionary .p ase. _ Herschel-PACS scan maps (left to right: at 70 um, 160 pm, two
WWWM With IRAS it was possible to colour composite) of AQ And, U Ant, and TT Cyg (top to bottom).
WWWW: measure the size of a few s ~
A — "1 detached dust shells in the mid Observations & data reduction 2
osf mes gy s 90s, but even with ISO, imaging The Herschel observations above are scan maps done with z
o1l N le Wﬁf of extended dust emission was the Photodetector Array Camera & Spectrometer (PACS) [6] @
m-_gu- e i hampered by the low spatial at 70 um (blue filter) and 160 um (red filter). Two orthogonal §
resolution these space scans with several parallel scan legs were made at constant “
(S:SSTmapthdeata O‘;‘;‘;g‘t telescopes could deliver. speed (20"/s) to achieve a homogeneous coverage of the | i
spectra are azimuthal Gonzales et al. [4] studied required area. We used the Herschel interactive processing ° 102 Offsjo[orcs‘e}g] 0 80
2;/:&?330) (Olofsson  some detached shell objects in environment (HIPE) for data processing, but the nature of In blue 70 um-profiles: crosses indicate AQ And, normalised
| | visible light. The detected our data (bright central star surrounded by faint emission) by 6.14 mJy/*, diamonds, U Ant norm. by 40.27 mJy/*, stars,
detached | | hell tricallv thi d de it ’[ al attention to th lated TT Cyg, norm. by 3.8mJy/*. In red 160 pm-filter, norm. by
etached molecular shells are geometrically thin an made it necessary to pay special attention to the correlate 0.98 mJy/2. 5.68 mJy/, and 0.47 mJy/2. The lines are the
probably smaller in size than the detached dust shells noise without influencing the photometry of the central star. best fits to the data. Inserted is a zoom.
revealed by IRAS. It may be that they have different For this purpose we used baseline fitting and multiple passes
origin - episodic mass-loss on one hand and ISM- of median filtering. In order to recover very faint extended The theoretical spectral energy distributions (SED) and
wind or wind-wind interaction on the other. Objects emission the Madmap module of HIPE was used together intensity maps were computed by the 1D radiative
like U Ant [5] could show both types of phenomena. with custom preprocessing taking care of detector drifts. transfer code DUSTY [7]. By comparing these SEDs with
\_ RN J observational data (our PACS data as well as
photometry from the literature) we arrived at a best-fitting
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combined dust shell model, based on which synthetic
Results . . .
AQ And infensit " ) | s with 5 intensity maps could be constructed. A comparison of
nd INTenSIly Protiies Show various peaks within U Ant: Left: Scattered the latter with intensity maps from PACS derived using
the outer shell (52"), indicating mass-loss variation i light  through  NaD . . |
, _ o oy . | filter (red) [4] + differential aperture photometry is shown above.
over time. We estimate a variation between 10 | polarised Ha (blue) 105 e
(actual) and 1.52x10° Me/yr for the rate of previous [8]; Right: PAGCS o e
: N : i 70um, circles indicate * *\ s
mass-loss episodes (~19000 years ago). | the  corresponding oS b
The smooth profile of U Ant suggests that after a -= ! I | "optical" shells. —= : O
. . e am s s s s o s s s s 102k xR \2(\
sudden increase in mass-loss 2800 years ago, the e e et S Ma, TV o,
rate dropped and didn't vary much. The dust shell we 10 Ny o
detect at 43" coincides with the detached shell ~ T | 100k S
observed in scattered light [4,8]. The thin shell at 50" | | iﬁf”dideﬁf'e'dl_llogmg 10-1E e SN
has no counterpart in our data and we could only ! B image at 100 um [5]; | U 1o
reconstruct part of the extended emission [5]. | Eifgts: | Herstch% SED fitting results. The dashed black line is the observed ISO
. L . —39°20 image a short wavelength spectrum (SWS) and the long wavelength
Like AQ And, TT Cyg shows significant variation of j Hm rebinned  to spectrum (LRS) (Sloan et al. 2003), the black symbols are
the mass-loss rate. The shell at 33" — caused by | | 307/pixel. literature photometry points, the red diamonds the PACS
: _ P . LN §'Z vos sUhWw photometry and the continuous red line is the model. From
increased mass lO_SS 7000 years ago —Is In very 33728° 10732M40° 33728’ 10732740° bottom to top : TT Cyg, U Ant and AQ And, which was shifted
good agreement with the CO shell. The fact that our up by 102 Jy for clarity.
dust data for TT Cyg and U Ant coincide well with \_ %
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