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ABSTRACT

Images at 60 and 90 pm of 7' x 7' fields centered
at proximity of luminous red giants with known dis-
tances have been acquired with ISOPHOT. The data
show gradients of cuiission towards the positions of
the red giants. In some cases we detect isolated
sources of cmission. probably due to blobs of inter-
stellar matter heated to ~25-40 K by the nearby red
giant. This particular situation allows to character-
ize these blobs. We find sizes in the range 0.1-0.5 pc
and masses in dust in the range 107°-107* M.

Key words: AGB stars: circumnstellar shells: dust;
interstellar matter; ISOPHOT.

1. INTRODUCTION

Miras are luminous red giants with luminosities
around 10*L..  They arc variable and follow a
period-luminosity relation which allows to determine
their distances. They may undergo mass loss at rates
as large as a few 1077 My yr~t. Thus, they can be
swrounded by circunstellar shells which extend to
large distances, up to ~ 1pc, before dissolving into
the interstellar medimun (ISN). In fact, the extent of
these shells depends on the rate of mass loss, its du-
ration. and on the deusity of the surrounding ISM,
all of these being time and space dependent.

The central stars are so lwminous that they can heat
dust up to distances ~ 1pc, in these regions which

- correspond to the external parts of the circumstel-

lar shells and the surrounding ISM. Typically the
dust at distances in the range 0.1-1pc of a 10¢ L
red giant reaches a temperature between 20 and 50 K
(Le Sidaner & Le Bertre 1996). This has to be com-
pared to the temperature of dust in equilibrium with
the interstellar radiation field (ISRF), ~ 18 K (Désert
et al. 1990).

A few such sources are found in the Solar Neighbour-
hood within the range 100-1000pc. To study their

surroundings requires a spatial resolution of around
1" in the wavelength range 50-200 . The Infraved
Space Observatory (ISO) with the PHOT C100 ar-
rav was therefore perfectly suited to study the far
environment of AGB stars.

2. OBSERVATIONS

For this study we requested images at 60 (C_60 filter)
and 90 zan (C_90) with the C100 array (3 x 3 detec-
tors). The fields were selected at proximity of well
studied sources. To minimize detector drifts. the red
giant stars were kept outside the fields. The mapping
was done with a 3 x 3 raster without overlap (AOT:
PHT22). so that the final images have 9 x 9 pixels.
Each image consists of 9 sub-images and the expo-
sure time for these sub-images was 128 seconds. Each
image was immediately preceded and followed by an
observation of the Fine Calibration Source (FCS) of
32 seconds with the same detector setting and the
same filter. The level of the FCS was adjusted by the
ISO SOC (Science Operations Centre) to fit the ex-
pected maximum astronomical signal. This internal
source provides an absolute calibration of the individ-
ual C100 detector responses to an accuracy of 18 %
(Schulz ct al. 1999). The 60 and 90 pm images were
acquired in sequence so that they overlay exactly. For
cach field the total time. including overheads, was
3268 seconds (TDT, Target Dedicated Time).

3. DATA PROCESSING

The data processing has been done using PIA
(Gabriel & Acosta-Pulido 1999 and references
therein). For the data presented here we have used
the version 8.0 with the latest calibration tables ob-
tained at the ISO Data Centre (IDC).

The C100 detectors were extremely sensitive to cos-
mic rays and jumps between successive read-outs
(glitches) can be observed. Strong ones are followed
by a period of a few seconds of variable detector res-
pouse. All data are affected, but especially those
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Figure 1. Left panel: Field near R Aqr at 60 jvm; the rotation angle w.r.t. celestial coordinates (2000.0) is ()’4? 7.
North is to the upper right corner and East, to the upper left one. At 215 pe, the pizel corresponds to 0.047 pe.
The heating source is outside the map. near the upper part of the right superior edge. Right panel: Same, but

at 90 jm.

taken near perigee (orbital phase <0.2 and >0.8).
These effects are handled within PIA at respectively
the ERD (Edited Raw Data; 2 Threshold deglitch-
ing) and SRD (Signal per Ramp Data; Deglitching)
levels.

A drift of the detector response on a longer time scale
(several minutes) can also be observed when com-
paring outputs from the FCSs bracketting each map.
This dependence is believed to be a product of the
history of the flux received by each detector. It is
presently handled with a time interpolation between
the 2 FCSs.

The long term behaviowr of the detectors do not al-
low the use of an independent flat field correction.
It is then necessary to extract the flat field from the
data. This has been done by cousidering the sub-
images where the flux appears wniform. A correction
was then derived by comparing the median signal of
cach individual pixel to the median of the 9 pixel
signals. This method gives satisfactory results only
if at least 5 sub-images can be used. In PIA. the
method called the First Quartile nornalisation gives
results which are comparable. However. for the im-
ages where the sky background presents a gradient
across the complete field. these methods cannot be
applied. A new flat fielding method based on a mini-
mization algorithm is being developed by C. Gabriel
at IDC to handle these cases and appears promising.

In Fignres 1 to 3 we present owr results for 3 fields
which could be processed as explained above and
which are discussed in the following Section. These
fields are selected because they offer the most inter-
esting examples of extended emission that we have
presently. The present results differ from what we
have reported previously (Le Bertre et al. 1993,

1999a. 1999b) due to the use of improved processing
algorithms (e.g. 2 Threshold glitch recognition in-
stead of Single Threshold, etc.; see Gabriel & Acosta-
Pulido 1999) and updated calibration tables (ibidem)
in PTA. Nevertheless, we want to express that the dif-
fercuces bear on the absolute level of the fluxes and
not on the structures detected in the images.

4. DISCUSSION

The 3 fields presented here were obtained at proxim-
ity of O-rich Miras whose luininosities (L) and mass
loss rates (M) have been derived by Le Sidancer &
Le Bertre (1996) allowing for the distances () deter-
wined by Le Bertre & Winters (1998). These quan-
tities are reported in Table 1 as well as the distances
to rhe galactic plane (z).

In all 3 cases a strong emission is noted in the part of
the ficld which is the nearest to the star. This emis-
sioll is most probably due to the circumstellar shells.
Further away, one finds a peak of emission clearly
detached from the previous one. These peaks reveal
the presence of blobs of material located at distances
in the range 0.3-1.5pc from the central source. The
distances, d(star, blob). given in Table 1 assume that
the blob and the red giant are in a plane perpendic-
wlar to the line of sight. With the spatial resolution
of PHOT thesce blobs are just resolved. Their sizes
were estimated from the width of the emission. How-
ever. from the appearance of the one detected near
NML Tau (Figure 3), one may suspect that they are
structured at smaller scales.
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Figure 2. Left panel: Field near IRAS00193-4033 (= BE Phe) at 60 um; the rotation angle w.r.t. celestial
coordinates is 222°1. North is to the lower left corner and East. to the lower right one. At 1680pc, the pixel
corresponds to 0.37 pc. The heating source is outside the map. near the lower left corner. Right panel: Same.

but at 90 pm.
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Figure 3. Left panel: Field near NML Tauw (= IK Tau) at 60uom: the rotation angle w.r.t. celestial coordinates
1s 81°1. North is to the lower left corner and East, to the lower right one. At 245pc. the pizel corresponds to
0.054 pc. The heating source is outside the map, near the lower part of the left edge. Right panel: Same. but at

90 pm.

Using the characteristics of the central sources and
assuming that the dust is in radiative equilibrium,
a temperature Ty, can be estimated. Then, from
the fluxes in the maps, the quantities of dust in the
blobs are derived at 60. 1mqust (60). and at 90 pm.
Mause (90). For these estimates we have adopted

the same dust model (Tastronomical” silicate) as
Le Sidaner & Le Bertre (1996) did in their model-
ing of the circumstellar shells.

The former is systematically larger than the latter. In
the case of the blob near IRAS 00193 the discrepancy
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Table 1. Characteristics of the central sources and of the detected blobs

central d L M z d(star. blob)  size  Tqust  Must (60) g (90)
sources (pc) (10> Le)  (M_yr™1)  (pe) (pc) (pc) (K) (M-~) (M)

R Aqr 215 3.0 171077 200 0.27 0.1 10 3.8 1077 1.0 1073
IRAS 00193 1680 14.0 9.1 1076 1625 1.3 0.5 25 2.7 1073 2.9 1073
NML Tau 245 9.7 321076 130 0.36 0.15 35 3.6 1071 1.5 107

reaches almost a factor 10. The temperature that we
have adopted assumes that the blob and the heating
source are in the plane of the sky. Therefore it might
be overestimmated and the discrepancy could still be
larger. We are obliged to conclude that the optical
properties of the dust in these blobs are different from
those of the dust in the circumstellar shells.

A possibility is that these blobs contain very small
graius (VSG) as those invoked by Désert et al. (1990)
to explain the 60 fan excess observed in the ISM spec-
trum. These VSGs are excited by UV photons and
radiate out of equilibrium. They are probably of car-
bon composition. If this interpretation is correct,
then, as the central sources are oxygen-rich, these
blobs are certainly of interstellar origin. Also in this
context, only mqus (90) would have a sense. Adopt-
ing these values and a gas-to-dust mass ratio of 100.
we get average densities ny ~ 100-400 cm ™3,

In another programme carried out with ISO, Izu-
miura & Hashimoto (1999) detected extended shells
around some AGB stars. For instance, around the
star U Ant (d =256 pc), they find at 90 pm a circular
emission, extending up to 4’ (or 0.3 pc), which they
ascribe to an extended circumstellar shell. They have
selected nearby carbon-rich sources known to have
undergone an episode of large-rate mass loss in the
past (Olofsson et al. 1996). Our selection of heating
sources was wmore general without such preference.
We only selected well studied sources for which we
could have a good model. The emissions that we dis-
cussed here do not present a circular symmetry w.r.t.
the central star. Also, there is a clear gap between the
blob and the emission attributed to the circumstel-
lar shell. These characteristics do not point toward
a circumstellar origin for the blobs that are revealed
in our data.

5. CONCLUSIONS

Extended emission at proximity of AGB stars has
been detected by ISO at 60 and 90 pm. We find blobs
of sizes in the range 0.1-0.5 pc and masses in dust
in the range 107°-107* M. In one case. such a blob
has been detected at 1.6 kpc from the galactic plane.
It is noteworthy that this kind of objects, although
not directly related to the central sources, will con-
tribute to the point-source fluxes measurcd by IRAS
at 60 and 100 g without sign of contamination in
the data.

In the other fields observed by ISO for our pro-
gramme we have also evidences for such objects, but
the full exploitation of the data is still limited by the

present-state processing of the maps. New promis-
ing solutions to the fat-fielding problem have been
proposed at this couference. Furthermore. a mod-
eling of the behaviouwr of the C'100 detectors under
variable illumination. such as the one developed by
Coulais & Abergel (1999) for the LW ISOCAMNI de-
tectors, would allow a better treatment of the data
affected by a drift in the responses.
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