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Abstract. We have performed maps of the 1.3 mm continuuuring the subsequent evolutionary phases, the ejected material
emission from a sample of 16 evolved stars. We have detectethains in the neighborhood of the central star, although subject
emission from a total of 11 objects, two of which are new dée chemical and dynamic changes. These envelopes containing
tections at this wavelength: M 1-92 and, tentatively, M 1-91.&omic and molecular gas are then characteristic of the post-
objectsinthe sample, the bipolar nebulae M 2-9, OH 231.8+4AB phases: the Protoplanetary Nebula (PPN) and the Plane-
NGC 7027 and CRL 2688, show extended emission in the diréary Nebula (PN) stages. In general, such nebulae also contain
tion of their symmetry axis up to distances from the central staaiatively warm dust particles that have been detected by means
~ 10'7 cm. We argue that most of this radio emission is arisirgf their intense infrared emission. The temperature of the grains
from cold dust present in the bipolar lobes. Extended emissiearies approximately in the range 1000-50 K. On the other hand,
has not been found in the direction perpendicular to the nebusame post-AGB objects show spectral excesses in the millime-
axis (except probably for NGC 7027), therefore the equatoritar range that usually have been attributed to the emission of
torus/disk of dust probably present in this type of objects is noblder dust (Walmsley et a1991). This cold dust component
extended enoughto be detected by our observations. The 1.3 immxpected to be placed in the outskirts of the nebula. More-
emission map of NGC 7027 shows an extended structure elomer, solid particles offer greater resistance than molecules to
gated approximately in the equatorial plane. This componettotodissociation by interstellar UV, therefore this component
extends up to a distance from the nebula center of abd(it 1#&ould better trace the outer shells of the nebula. Up to date,
and we think it could correspond to the outer region of the cimaps of extended radio emission from evolved objects have
cumstellar disk of dust observed at shorter wavelengths in thisen practically nonexistent, so the spatial distribution and, in
source. In cases were extended components have been fopadjcular, the total extent of cold dust remained poorly known.
we estimate, assuming simplifying hypotheses, the tempehathe case of PPNe and young PNe, it was unknown whether
ture and mass of the dust. In the sources M 2-9, OH 231.8+4dd dust is concentrated in a torus/disk-like structure surround-
and CRL 2688, the cold dust mass~s2 10~3 M, while ing the central AGB star or distributed along the visible nebula.
NGC 7027 seems to have a larger dust content0~2 M. Another parameter of great importance, and equally unknown
For M 2-9 and OH 231.8+4.2 the uncertainty factors of our estip to now, is the mass of cold dust that is present in the nebula.
mations have values between 2 and 3.5. For CRL 2688 the eriidmvever, the gas-to-dust mass ratio can yield interesting infor-
can be as high as a factor 10, and for NGC 7027 the dust masaion on processes of formation and destruction of grains in
given could just be a lower limit. In all the well studied caseshe circumstellar medium.

the cold dust component represents a large fraction of the total With the aim of sheding some light on the previous questions
dust mass in the envelopg 60%) and is probably composedwe have performed observations of the 1.3 mm continuum emis-
by relatively big grains (radii larger tharydn). We caution that sion from a sample of evolved stars. Sect. 2 contains the most
the analysis of radio continuum emission can be very uncertagtevantinformation relative to the observational procedure. The
when not enough data on extent and spectral flux distributiobtained total fluxes and radio maps are also presented in this
exist. section. In Sect. 3 we describe the hypotheses and procedures

Key words: stars: circumstellar matter — stars: AGB and posfollowed to estimate the temperature and mass of the cold dust

AGB — ISM: dust, extinction — ISM: planetary nebulae: gener&gsponsible for the millimeter emission. Finally a more detailed
—radio continuum: ISM — radio continuum: stars study of the individual objects that show extended emission is
presented in Sect. 4.

1. Introduction

It is well known that stars on the red giant branch undergo2a Observations

process of copious mass-loss that determines their evolution. ) .
We have mapped the 1.3 mm continuum emission in a selected

Send offprint requests 1€. Sanchez Contreras sample of 16 evolved objects. The objects are mainly PPNe and




234 C. Sinchez Contreras et al.: Extended cold dust emission at 1.3 mm from evolved stars

young PNe, butwe have also included a Red Super Giant(RSG), | ,__'." boriod B L

an RV Tau star and two stars on the Asymptotic Giant Branch
(AGB). All these objects are known to present extended en- <0 -
velopes. Data have been obtained using the MPIfR 19-chann;él
bolometer at the IRAM-30m Radio Telescope located at Picode ¢
Veleta (Granada, Spain). Maps were carried outin two observiri
runs, March 1996 and February 1997 (hereafter A and B peg—i20 i
ods respectively). The 19 elements in the multi-beam bolometer

are arranged in an hexagonal lattice around a central beam. The [ 12.3"

pointing and focusing of the telescope are referred to this one. P ——— - P

The bolometer bandpass is from 200 to 280 GHz, with the effec- RA. offset () RA. offset (")

tive frequency of observation being at approximately 240 GHz

(~ 1.3 mm). Details on bolometer technical specifications afié. 1. Maps of the 1.3 mm continuum emission of a point-like object,

instrumental calibration can be found in Kreysa (1990), Thu@®$273, in periods A and B. Contours are 1.5, 3 (dashed lines), 5 and
(1992) and Broguire et al (1996). from 10 to 100 by 10% of the maximum in each epoch. A thick line has

Observations were made following the ON-THE-FLY stanb_een used for the 50% contour. The corresponding FWHM is indicated
. e . . in the lower-left corner.
dard procedure. The telescope is drifting in azimuth (with a rate
of 4’/sec.) and stepping in elevation (with a scan step’9f 4
while the wobbler is moving at a frequency of 2 Hz back and
forth by a specific amount in azimuth. In almost all cases, we 3 |-
have used a wobbler throw of 32but 45" and 62 have also <~
been tried for sources with larger sizes. Double-beam maps ate
created by this procedure with a total azimuth size equal to te
size of the array (100 plus twice the wobbler throw plus the ¢
expected source extent. The elevation size is of the order of the 20
latter. Each individual map lasted from 40 to 90 minutes de-
pending on the source size. Pointing was done before starting
the maps using standard pointing sources as near as possible
to the target. Calibration and focusing were made using plan-
ets (Mars and Uranus) and the intense quasar 3C273. We have
also perform maps of 3C273 in order to check possible artifig
cial beam deformations (due to the map making and reductiéh © [
procedure, as well as to pointing errors). We show in Eithe ¢
resulting shape of the effective beam during A and B periods:—2o |-
We find that beams are significantly circular and no spurious

LI 7 e

OH 231.8+4.2

I\

[ 14.5" T 12.0" N

deformations appears above the 5% contour. Therefore,wecan ., | . . | c7 0 T el
expect that extents observed in our sources above this contour 20 0 -20 20 0 -20
really outline the radio emission of the nebulae. The effective R.A. offset (") RA. offset (")

bgam is about 123 and 1.1,'7 fo_r A gn(_j B periods respectl\///ely, Fig. 2. Maps of the 1.3 mm continuum emission for extended sources
sllghtlylargerthan the diffraction limited beam at_1.3 mn; 11 yptained during period B. Contours are 1.5, 3, 5 and from 10 to
Occasionally, we had beams smaller thaf{ZLtiuring period 100 by 10% of the maximum in each case (M 2-9: 0.21 Jy/beam:;
B. This was the case for the CRL 2688 map (beam173). OH 231.8+4.2: 0.56 Jy/beam; NGC 7027: 2.77 Jy/beam; CRL 2688:
In order to estimate the atmospheric opacity, we made sky dijg8 Jy/beam). Levels below 5%, possibly affected by beam deforma-
scans before and after every map. Weather conditions were gtithes (see text and Fid), are shown by dashed lines. The 50% contour
good, with zenith opacities between 0.02 and 0.2 (period B) aisdrawn using a thick line. Values of the FWHM of the flux distribution
0.07 and 0.4 (period A). are given in the lower-left corners.

From a first analysis of the data obtained during period A,
we found extended emission in four post-AGB objects (M 2-9,
OH 231.8+4.2, NGC 7027 and CRL 2688). Such sources hgusiod B, obtained from observations of our calibrators. Fluxes
also been observed during period B in order to improve tieéthe evolved objects obtained during period A have been cal-
quality of our previous data. We have found quite better signdprated consistently with those of period B. Data reduction was
to-noise ratio in maps carried out during period B, so we hamade using the NIC software package (Br@gaiet al 1996).
disregarded maps from period A in these cases. Sources in ourA list of the observed sources, coordinates, total measured
sample that showed point-like structure, were observed ordly8 mm flux and source type is presented in Table 1, together
during period A. An average conversion factor of 44D@50 with the fluxes obtained for calibrators during period B. We have
Counts/(Jy/Beam) has been used for sources observed dudlegrly detected radio continuum emission from 10 sources, and
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Table 1. 1.3 mm total continuum flux from the observed sources.

Source «(1950) 0(1950) Si 3mm Type
") c'") (mJy)
CRL 618 04 39 34.0 360116 2250100 PPN
Red Rectangle 0617 37.0-1036 52 230+ 25 PPN
NGC 2346 07 06 49.7 —0043 29 <20 Young PN
VY CMa 072054.7 —-254012 770+ 40 RSG
OH 231.8+4.2 07 3958.9 —14 3543 715+ 15 PPN
Frosty Leo 093711.6 121231 <7 PPN
W Hya 1346 12.2 —2807 07 200+ 25 AGB
M 2-9 170252.6 —-1004 31 360+ 10 Young PN
89 Her 1753 24.0 26 03 23 <24 PPN
R Sct 1844 48.7 —0545 35 <6 RV Tau star
M 1-91* 193054.9 26 46 13 38 20 PPN
M 1-92 1934 19.7 29 26 05 126 20 PPN
CRL 2688 2100 19.9 362945 21@0100 PPN
NGC 7027 21 0509.4 420203 392090 Young PN
R Aqr 234114.2 —-153342 75+ 15 AGB, Symbiotic
M2-56 2354 06.6 703131 < 10 PPN
Calibration Sources
3C 273 12 26 33.2 021943 19340 Quasar
Uranus - — 3410 Planet
Mars - — 950 16 Planet

*: Tentatively detected

also probably from M 1-91. So, we have found 2 new detectiorflyx has been considered and subtracted, if necessary, for the
M 1-92 and M 1-91. In Fig2 we can see the maps obtainedhdividual sources.

after data reduction for M 2-9, OH 231.8+4.2, NGC 7027 and The remaining flux is then only arising from cold dust. We
CRL 2688, the sources where we find extended 1.3 mm entigve assumed that at this relatively long wavelength the nebular
sion. In the lower-left corner we give an average of the FWHMust is optically thin, therefore the flux is proportional to the
of the flux distribution in the direction of the axis of the nebulapacity,r, that can be expressed as

and the perpendicular one. Note, that in all cases we find this )

value larger than the measured beam (see above). T = Nama“Qu(a) @)

Here Ny is the column density of dust, is the grain radius
and@, (a) is the grain emissivity that we suppose depends on
As we have mentioned, the 1.3 mm continuum emission in PPi@quency and grain size in the form:

could present a contribution from a cold dust component. Of {

3. Temperature and mass of the dust

(v/vy)* ifv <y

course, there is probably a continuous temperature gradientin(a) = 1 >y
0

the nebula, therefore to distinguish between cold and warm dust

components is only a useful concept for the present analysis. Y{gerec is the light speed. Dust emissivities following a power-
have estimated the to_tal_cold dust content in objects that shg\ have been previously obtained empirically in cool molecular
extended 1.3 mm emission (M 2-9, OH 231.8+4.2, NGC 702{oyuds and in envelopes of late type stars (Schwartz 1982; Bus-
and CRL 2688). First, we have considered the possible cQettj et al 1987 and references therein)andu, are known
tamination of the observed flux by another kind of emissiqg depend on the composition and size of the grains, 1
mechanisms. Itis known that ionized regions surrounding C@fing indicative of amorphous carbon grains or large particles
tain evolved stars contribute with free-free emission to the fgiin impurities or mantles, whereas~ 2 is usually associated
dio continuum. In cases where the electron density distributigglcrysta”ine structures (Rowan-Robinson 1986; Gilman 1974;
is assumed to be constant, the radio spectrum varies 4 Leung 1975). The emissivity law has= 1 in the frame of the

for optically thin and as? for optically thick Hll regions (e.g pie theory, i.e for spherical conducting particles of uniform
Mezger etal1967). However, in the case of electronic densitiggmposition with radius smaller than the wavelength of the in-
varying as=~? (for instance in nebulae resulting from sphericaligent radiation ¢ < ). We will consider in the following that
mass ejections with constant mass-loss rates) the radio SPecCUfinges between 1 and 2.

is found to vary as*- (Panagia and Felli 1975). Also, some  Assuming that grains emit like modified black-bodies, we

contamination by molecular lines, stellar photosphere and ¥y that the total dust masa/, (M), is given by
warm dust emission could exist. In Sect. 4, the contribution of

these different emission mechanisms to the measured 1.3 tfig = 3 10745, 5 mm (e'7%/74 —1)pD%a/Q1.3 mm(a) (3)

i v = c¢/drma (2
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Table 2. Flux of the detected extended cold dust components. The allowed dust temperature range, the spectral index obtained from the spectral
fit and the assumed grain radius range are also shown in columns 3, 4 and 5. Columns 6, 7 and 8 contain, respectively, the distance to the source,
its luminosity and references for them. In column 8 the calculated mass of cold dust in the nebula and its uncertainty factor (brackets) are shown.
The asterisk™) denotes particularly uncertain values, see Sdc8and 4.4. For CRL 2688 the results correspond to the whole dust envelope.

Source T m Ted a a D L Ref. Mea

(mJy) (K) (wm) (pc)  (Le) (Mo)
M 2-9 150+ 10 255 12 1100 650 550  Schwarz et@997) 1.510°(3.5)
OH 231.84+4.2 165t 15 40-15 1 10-100 1500 10000 alchez Contreras et41997) 2.0103(2.0)
NGC 7027 300+ 90 10-30 2 5-20 1000 10000 Middlemass (1990) 3.5210)
CRL 2688 2100+ 100 115-40 0.7 0.2-1000 1000 20000 Knapp ef:893) 2.010°%()

whereS; 3 mm andQ@1 .3 mm (@) are, respectively, the measured As we have previously mentioned, there is a relatively sim-
flux in mJy and the grain emissivity at 1.3 mffj; is the dust ple way to estimate the grain radius from our data. Once we have
temperature in KD is the distance to the source in pds the subtracted any other possible contribution to the flux, we can
grain density in gr cm? anda is the grain radius imm. measure from our maps the total extent of the emission arising

Unfortunately our knowledge of the properties and physicitbm grains at a representative temperatdig,obtained from
conditions of dust grains is very poor. There is a great varietytbie fit of the spectrum. In other words, we know the dust tem-
possible values of size and density of the grains present in npbrature (from the spectral fit) at a given distance of the nebula
ulae surrounding evolved objects. In general radii ranging frorenter (from the maps). On the other hand, we can theoretically
~ 0.01 to~ 20 pwm are commonly accepted as possible sizeslculate the temperature as a function of the distance to the
(e.g. Hildebrand 1983). However, larger grains¥ 200 um) central star. To do this we have supposed that radiative equi-
have been proposed in order to explain the continuum excesbbnium holds in the nebula dust, i.e. the energy absorbed by
the millimeter and centimeter spectral ranges (Jura 4887). grains is totally reemitted at longer wavelengths, and that the
Since the grain size has a great influence on dust mass catmly mechanism of heating grains is radiation from the star. Due
lation, we have taken into account several cases. As we wilthe relatively high temperature of the star, we have assumed
explain later, we can use the information extracted from our afiich radiation mostly concentrated in the optical spectral range,
servations (dust temperature and map extent) to minimize thikere grains have a flat emissivity law. We are also assuming
interval of possible dust radii. The density of the grains, depenttiat scattering is negligible in this spectral region, so extinction
on their (unknown) chemical composition, but we will suppose given only by the absorption coefficient. Taking into account
that it does not significantly separate from 3 grcinthat is the previous simplifying assumptions the dust temperature can
a relatively good average value for both Carbon and Oxygbe expressed as:
containing particles (Hildebrand 1983).

The dust temperature and the power-law index of the grain ( I ) e

emissivity, «, have been simultaneously estimated fitting thé1 2g0 (5)
millimeter spectrum with a function of the type:
F, x B,(Ty) v° 4) wherer is the distance of the dust from the nebula centeriand

the stellar luminosity. The extinction of dust placed between the
with B, (T,) being the Planck function. In general, it is not possentral star and the grains we are considering is not explicitly
sible to make a good fit of the total spectral energy distributi@hown in that equation. Such an effect can be introduced in a
using a single isothermal dust population. In most cases, thetgightforward way, and has been taken into account in some
is a widening of the spectrum that clearly indicates the preserdghe studied sources.
of a temperature gradient in the nebula. However, it is possible Eg. (5) shows that the temperature distribution so deter-
to establish from the fit an upper and a lower limit to the tenmined depends on the grain size. Only certain values of this
perature of the coldest grains, in which we are interested. Tp@rameter are then compatible with a temperéfyrat the ob-
whole range will be considered in our calculations. Also, theerved distance. The comparison between the theoretical tem-
temperature of the warmer grains has been obtained usingpleature distribution and the temperature from the spectral fit,
same procedure. The spectral indexhas been estimated, agaken into account the distance obtained from the map, is so
we have mentioned, from the fit of the spectrum. In most casased to shorten the previous interval of possible grain radii.
the millimeter excess does not allow a proper estimate of this We must note from Eqq3) and (5) that the mass calcu-
index for the cold dust component. Therefore, we have usedated under the previous hypotheses explicitly varies with the
this case the same value®that we obtained for the warm dustassumed distance to the source s and implicitly through
component. However, we must note that colder grains coulte dust temperature and the grain radii. However, o#nd
have a different composition and structure and, subsequentfy,are proportional td?, so the determination of the grain tem-
a different value ofn. In Sect. 4 these other possibilities ar@erature and radius at a given angular distance from the central
discussed individually for the extended sources. star is not affected by (Eg. [5]). Therefore, the only depen-
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dence of the mass on the distance to the sourceli¥’afue to cated at about I2toward the North and the South respectively.
the factor in Eq. (3). The southern maximum is displaced toward the East approxi-
mately 4’. In the direction perpendicular to the nebula axis, the
extent of the emission from the lobes~s12’5 after decon-
volution with the telescope beam size. The contribution of the
In this section we discuss in detail sources for which we firfghotospheric emission and the molecular lines (see Zweigle et
that the full width at half maximum (FWHM) of the flux distri- al.) to the compact flux of M 2-9 is negligible. Note that the CO
bution is larger than the telescope beam size (Sect. 2). For thegassion from this source and, consequently, the whole molecu-
objects, we have made a decomposition of the flux in sevel@lemission, is known to be spatially compact and anomalously
components. In all these cases, we have found a spatially unweak, due probably to molecular photodissociation.
solved component, which has been fitted by a two-dimensional In Fig. 3b we show the spectral energy distribution. The
gaussian function (with maximum intensity and width equal @ontribution to the flux at small wavelengths of thermal dust
that of the telescope beam) and subtracted from the total flexnission is remarkable. The relatively large width of the spec-
Note that the flux from the remaining component is then a lowttm in this range indicates the existence of a temperature gra-
limit. This remaining emission is extended and, usually, elogient in the nebula. We have found, from the spectral fit, grains
gated along the nebula axis. We have applied to these souft@gng temperatures between 800 K and 70 K with 1 (see
the procedure explained in Sect. 3 in order to estimate the dasg}. short-wavelength data from Allen & Swings). Note that this
content of this extended region. Results on the cold dust comp@&rm dust component, that already have a low value, afan
nent (.q, o, a andM4) are shown in Table 2V/.4 in Table 2 not explain the 1.3 mm observed flux.
is our best estimate, we also give between brackets an estimatedit larger wavelengths free-free emission becomes impor-
uncertainty. In the next four subsections we present the caltant. At this spectral range, there are two emission components.
lation details for the extended sources. Sect. 4.5 is dedicatedt tseems well known from previous radio continuum observa-
describe our results on point-like objects. tions (Purton et all975; Kwok et al; Zweigle et al), that there
is an extended emission component arising from homogeneous
HIl regions located in the lobes, which follows a frequency
law o< =01 and, therefore, does not contribute a lot to the to-
M 2-9is classified as a young PN by virtue of its strong bipoldal 1.3 mm flux. Also, it exists a very compact component of
appearance in the visible and also at longer wavelengths (Kwrission in the nebula center, identified in VLA observations,
houtek & Surdej 1980; Kwok et a1985 and Aspin et all988) arising from an ionized stellar wind that leads to a spectrum
and of the position of its central star in the H-R diagram. Thigsing asv-6. In fig. 3b both the emission from the compact
is confirmed by the detection of CO emission from the remnagmmponent (triangles) and the total flux (circles), which at large
of the past AGB envelope (Bachiller et dl988; Zweigle et wavelengths equals that of the extended component, are shown.
al. 1997) that originates in a small inner torus with a diamet¥ve have found that at least two different®-! free-free compo-
~ 6. The brightest nebulosity associated to this object has @a@nts are needed to properly fit the 6 and 20 cm data. However,
extent of about 40along the nebula axis (approximately in théhe dispersion of the points in this part of the spectrum makes
North-South direction), and there are also two fainter collimatelifficult to decide about the best fit. Anyway, the spectral fitting
outflows reaching a total extent of 11L& the same direction. at these wavelengths have little influence on the analysis of the
M 2-9 is characterized by intense IR emission arising from difam-wave continuum due to the low free-free emission of the
ferent dust components. According to Allen & Swings (1972¢xtended ionized gas at 1.3 mm.
warm dust with temperature 800 K is present in a compact It is clear from the spectrum in Fi@b, that it is not possi-
region surrounding the central star. Moreover, high resolutitie to reproduce the observed millimeter continuum flux taking
IR images of M 2-9 taken by Aspin et.ahow that there is a only into account the emission from warm dust and from the ion-
highly reddened disk-like feature that extends abotitiBGhe ized gas. We have tried to separately fit the spectrum associated
East-West direction across the central core. Recently, Schwarzhe compact (triangles, Figb) and the extended (squares)
et al (1997) have shown from observations of scattering in tlegnission from M 2-9. The flux from the warm dust plus the core
visible, that there is also dust lying on the farthest faint loopaind emission (dashed line), explains the observed 1.3 mm flux
On the other hand, the millimeter emission excess observedriom the central compact region. However, the extended free-
M 2-9 could indicate also the existence of a cold dust componérge emission from the lobes, 40 mJy in the millimeter range,
in the nebula. is not enough to explain the extended componentin our observa-
From our data, M 2-9 presents a total integrated 1.3 miions. The most probable explanation to the millimeter excess,
flux of 360+ 10 mJy. After subtraction of a central compacas previously suggested by several authors, is the presence of
component with a flux of- 210 mJy, it remains an extendedcold dust in the nebula. The total emission from all these com-
component lying in the direction of the nebula axis with a flux gfonents is represented in Figb by the solid line.
~ 150 mJy (Fig3a). We can see in this figure that the emission We have fitted the contribution of this extended cold dust
appears clearly separated in two components, associated taugieg the procedure described in Sect. 3. From the spectral fitwe
bright lobes of M 2-9. Two maxima are present in the map Itrave found temperatures in the range @5 K for the coolest

4. Individual sources

4.1. M2-9
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Fig. 3. aMap of the extended component of M 2-9, after subtraction of a compact component to the total 1.3 mm emission. Contours are 18
(dashed line) and from 25 to 100 by 12.5% of the maximum (36 mJy/beam). The dashed contour could present artificial deformations (Sect. 2).
b Spectral energy distribution of the source. Filled symbols represent 1.3 mm data from this work; error bars are too short to be represented.
Triangles are used for the flux associated to the compact component, in the centimeter range they correspond to high resolution VLA data from
Kwok et al (1985), and in the submillimeter range to data from observations with telescope beams smaller than the source extent (Hoare et al
1992). We use the square for our extended component, and circles for the total emission from observations with telescope beams covering the
whole nebula, see Zjilstra et.4[1989), Purton et a(1982), Gezari et a1987), Beichman et a{1988), Zweigle et al(1997), and Milne &

Aller (1982). Dot-dashed line: thermal cold dust emission (10 K); dotted lines: free-free and thermal warm dust emission (70 K); dashed line:
model fit to the compact component; solid line: model fit to the total emission, (see text for details on model fitting). Note that the fit of the
spectrum at small wavelengths has been done also using two other warm dust components of 550 and 200 K.

component (dash-dotted line, Figp). Looking at the 1.3 mm From the spectral fit, we have also estimated the flux from
map in Fig 3a, we can see that dust at the temperature prethie warm dust component; 110 mJy, and its mass. We have
ously estimated must exist at12’. In order to calculate the found a value of\/,q ~ 7.8 10~°> M. We can compare the
cold dust mass in the nebula, we have considered several padigst content in the nebula with the molecular and ionized mass
ble situations, i.e. values of the grain radius and spectral indestimated by other authors. Kwok et aktimated the ionized
which theoretically (Sect. 3) reproduce the temperature framass> 10~2 M. On the other hand, Zweigle et give a value

the spectral fit at the observed distance on the map. Followinighe total molecular mass4 10-2 Mg, (rescaling their results
this procedure it is deduced that grains mustleum, either to our distance to the source).

for o =1 ora = 2. First, using a value af = 1, we have found

that radii between 1.5-2pm lead to temperatures at 12" No emission from dust in the faint lobes (at distances to
between 25-15 K. The resulting massisq ~ 4.4 10~* M. the nebula center greater thari’20ave been found. This fact
With a value ofa = 2, grains with radii between 4-20mn lead S very probably due to the low mass content in these regions
to temperatures between 25-14 K. The obtained mass in tgtween 1.1 10° and 5.6 10° My, from Schwarz et &).

case isM.q ~ 5.3 1073 M. So, we have found an aver- . i
age value of\f,q ~ 1.5 10~% M, with an uncertainty factor Note the position agreement of the maxima on the 1.3 mm

3.5. Itis remarkable that only in the case of having grains wiffaP With those in the 6 cm map from free-free emission (Bow-
sizesz 100 um it is possible to reach temperatures as low &S & Knapp 1989). This fact is not so surprising even if the
5-10 K at 12 from the nebula center. For these unexpectedfjiended component arises from cold dust. Actually, the max-
high radii we estimate the cold dust component to have a md8& in our map also approximately agree with some of the bright
Meq ~ 1.21073 M, not very different from the mass valueémOts observed in the visible. It seems that the regions located

found above (note that in this case this value is not depend@ﬂtthe emission maxima are really mass condensations.

ona). As we have mentioned in Sect. 3, the estimated dust mass

We have also estimated the effects on our calculations ends on the distance to the sourc®3asWe have assumed
a c_ertain opacity bet_w een the central star ar_1d _the Studied M 2-9 arelatively low value of such a parameter from calcu-
grains. For A=1, which is almost an upper limit in the IObeﬁations by Schwarz et a(1997). However, the distance to this

dwgctr:on, ;/1ve find that grain radii as srr;)all as Qyﬁzare a(ljlowed source has been usually assumed to be largdi000 pc, the
and that the temperature can range between 25 and 10 K. Eﬁf‘ss estimated in this case bein@.4 times larger.

cold dust mass estimated under these conditions has similar
values as in the previous cases.
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Fig. 4. aMap of the extended component of OH 231.8+4.2. Contours are 20 (dashed) and from 30 to 100 by 10% of the maximum (88 mJy/beam)
b Spectral energy distribution of the source. Filled symbols represent our 1.3 mm data. Circles correspond to the total emission from the source
(Knapp et al1993; Sopka et all985; Walmsley et all991 and IRAS Point Source Catalogue), crosses are flux upper limits (Bowers & Knapp
1989; Knapp et al1995) and the square corresponds to our extended component. Dotted lines: thermal dust emission from warm (55 K) and
cold (20 K) components; solid line: model fit of the total emission from the source. For the short waves we have also included a 120 K dust
component.

4.2. OH 231.8+4.2 al. 1985) as well as with the relative maximum observed{in
nd K bands (Woodward et aland in CO maps (unpublished
OH 231.8+4.2 is one of the best studied PPN due, in part, toa ( 3 ps (unp

relative proximity ¢ 1500 pc, Bowers & Morris 1984; Kastnerététa)'
et al 1992) and large extent. Its optical image shows a clear The spectral energy distribution of OH 231.8+4.2, clearly
axial symmetry (Reipurth 1987), with two reflection lobes, twindicates that thermal dust emission is the dominant mecha-
collimated jets and an obscuring ridge surrounding the centrédm in the nebula. No evidence of free-free emission has been
star, a Mira variable classified M9 Ill (Feast et 2983; Cohen found up to now and the contributions to the flux from pho-
et al 1981). OH 231.8+4.2 has a very extended and massiegpheric or line emission are negligibfe 5%. The spectrum
envelope, reaching 50" in the axial direction and containingof OH 231.8+4.2 can be well fitted between 20 and £00by
a total mass between 0.5 andVA, (Sanchez Contreras et.al dustthermal emission with a single temperature between 75 and
1997). Observations at infrared wavelengths indicate the prés0 K using an emissivity frequency law with= 1. However,
ence of dust in the nebula, both distributed along the bipolhis relatively warm dust component does not explain the ob-
lobes and in the disk surrounding the central star (Kastner etsdrved flux at wavelengths larger than 4690. To fit the whole
1995). Several spectral features in the NIR have been deteaipdctrum, colder components must be considered. The FIR and
and attributed to water ice and cold silicate grainsS(I00 K)  submillimeter emission is well fitted introducing dust at 55 K
(Soifer et al 1981; Gillet et al 1976). However, the presencewith o = 1 (see Fig4b). Moreover, in view of the remaining mil-
of colder solid particles in OH 231.8+4.2 is suggested by thieneter excess it must be also a colder dust component. In order
millimeter excess found in its energy distribution. to reproduce the observed millimeter flux, we have tried several
We have separated the total millimeter emission frospectral fits taking into account the presence of colder grains.
OH 231.8+4.2, 715 15 mJy, in two components, a compactooking at the spectrum of OH 231.8+4.2 we can see that the
component of about 550 mJy and an extended component ogmission in the millimeter range seems to be in the Rayleigh-
least, 165 mJy. The latter, that can be seen in &&g is lying Jeans limit. We have established a lower limit of the temperature
along the direction of the nebula axis with a total exte@0”. taking into account this factl{q > hv/k = 11 K). Moreover,
The size of the 50% contour in this direction-is16”, so we from the theoretical temperature distribution we find that tem-
deduce a total extent for the emissionll”. It seems that the peratures smaller than 10 K are only reached at distances to the
1.3 mm emission extents up to somewhat larger distances froemter around9if grains are big in excesgs £1000 pm). Then,
the center in the northern lobe than in the southern one. Twe have not considered in our calculations temperatures below
same distribution is observed in NIR maps (Woodward et dl0 K. In order to better determine the temperature of cold grains
1989; Shure et all995; Kastner et all995). A small structure we have also fitted the flux of our extended component. In other
at approximately +6,+13’(R.A. and Dec. offsets from the cen-words, we require that the extended flux we have obtained can
ter) can be seen in our map. This feature is coincident with the reproduced by thermal emission from cold particles. Then,
northern Herbig-Haro object observed in the visible (Cohenwe have estimated a variation range of the temperature between
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40 and 15 K assuming alse = 1 for the cold dust compo- in the outer neutral halo that is responsible of the millimeter
nent. Taking into account these values we have calculated #mel submillimeter excesses. It has been even suggested that the
mass of cold dust in the nebula, which is between 1318nd formation of these two components took place during different
410°% M. Note, that ifa = 1 the mass does not depend oevolutive stages. The coldest dust could be associated with the
the grain radius, however, we can make some estimation of thisst primitive remnant of the envelope ejected by the AGB star,
parameter also in this case. We are assuming that the compadgte the 90 K dust could be formed in subsequent stages of the
emission arises from the warm dust components6 K), so nebula evolution. However, up to now, no empirical data about
from the theoretical temperature distribution we can rule otlte spatial distribution of the cold component was reported, and
grain sizes which lead to 55 K at distances to the source cergeen its existence was only suspected.
larger than 2. We have accordingly found that the grain size Aswe have seeninFig, NGC 7027 shows a clear extended
must bez 5 um. 1.3 mm emission, with a total integrated flux of approximately
We have also considered for the cold component a spectal 4+ 0.1 Jy. We have considered the possible contamination
indexa = 2. Then, the spectral fit suggests temperatures betweéithe flux by molecular line emission. From the central region
15 and 5 K for this component. Grains that allows such loaf NGC 7027, where one can expect the strongest contamina-
temperatures at the observed distances are alway8 ym, tion, we have found 82CO(2-1) flux~ 0.05 Jy. The second
indicating a cold dust mass 5 1073 My (¢ = 100 wm) mostintense molecular line is HCN(3-2), which contributes to
and increasing proportionally @ However, larger grains arethe emission with a value 10 times smaller than CO. Moreover,
unexpected in view of the OH 231.8+4.2 spectrum. In fact, radie photospheric emissio.. ~ 2 10° K; see for instance
larger than 10Qum have a flat emissivity law at wavelengthslacoby 1998; Heap & Hintzen 1990) is completely negligible
smaller than~ 1200 um, which is not compatible with the at this wavelength. Then, we conclude that there is no signif-
energy spectral distribution. icant contribution from other emission mechanisms than free-
On the other hand, we have also made an estimation of fhee and dust emission. We have separated the total emission of
warm dust content of the nebula, assuming temperatures tigs source in three components. First, a compact and central
tween 75 and 55 K. We find values for this quantity2-3 component that is responsible for 2.7 Jy of the total emission.
10~3 M. So, the total content of dust in the nebula is of thafter subtraction of the previous point-like component, an ex-
order of 5 103 M, with an uncertainty factor about 2. Thistended 1.4 Jy component remains (Fg). Part of the emission
value reasonably agrees with that found by Kastner. €¢1885) of this extended component seems to arise from a region at ap-
from the analysis of the scattered light by grains in the lobes. $woximately +15 with a possible counterpart atl5”, in the
the total absorbing and scattering dust masses are similar. FE@st-West direction (approximately in the equatorial plane). The
lowing these authors, in this object a great part of the dust seernatribution to the flux of this component is about 0.3 Jy. The
to be located at the lobes of the nebula instead of in the circusabtraction of such component from the total extended emission,
stellar disk. Our results, that shows that the 1.3 mm emissioriid Jy intense, yields-a 1.1 Jy feature elongated approximately
elongated in the axial direction, support this idea. We have thierthe axial direction. The presence of a very extended compo-
found that the mass in the lobes is at least of the same ordent could explain, on the other hand, the scatter in the submm
or even greater than the mass in the compact component. ddservations from the literature (Figb), that would be par-
the other hand, we can compare the total molecular mass intiadly due to the different spatial resolution of the observations,
OH 231.8+4.2 nebula with the dust mass in order to obtain thiesuch a way that smaller beams could miss the emission of the
gas-to-dust ratio in this objectaBchez Contreras et §1997) outer regions. As we will see later, the separation in two com-
estimates a mass of nebular material about 081, which ponents of the total extended emission can be also understood
leads to a gas/dust ratio around 160, with an uncertainty fact@m the spectrum of the source.

of 2. In Fig. 5b, we show the spectral energy distribution
of NGC 7027. At large wavelengths, itis clear from the slope of
4.3. NGC 7027 the spectrum that the dominant mechanism of emission is free-

free radiation from an Hll region (dashed line). This emission
NGC 7027 is known as a relatively young, carbon-rich PN corhas an important contribution to the flux also in the millime-
posed by an ionized nebulosity and an extended halo of neutealrange. At smaller wavelengths (IR), thermal dust emission
material (eg. Graham et al1993). Opticalimages of NGC 7027with temperature- 85 K anda ~ 2 properly fits the spectrum
clearly suggest the presence of dust in this nebula (Bryce et(dbtted line). We think that the two inner components we find
1997). Several observations in other spectral ranges confairl.3 mm continuum (2.7+1.1Jy) are due to the emission of the
that small solid particles at approximately 90 K coexist with thienized region, since their total intensity accurately matches the
ionized gas (Bentley 1982). Moreover, this source shows méxtrapolated value for the free-free emission. The total flux, 4.1
limeter and submillimeter emission excesses in the continuuly) does not seem to be compatible with such an extrapolation.
(Gee et al1984). Some authors have pointed out the existeniglreover, our map of the extended emission, excepted the 0.3 Jy
of, at least, two different dust components in the nebula (Kwalomponent, is comparable to those obtained by Basart & Daub
1980): awarm component(90 K), located atthe mostinternal,(1987) at 20 and 6 cm, these maps outlining free-free emission
ionized zone, and a colder component0 K), perhaps placed from the ionized nebula (see the sketch of the 6 cm map in Fig
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Fig.5. aMap of the extended 1.4 Jy component of NGC 7027. Contours are 30 (dashed line) and from 50 to 100 by 12.5% of the maximum
(0.27 Jy/beam). Also a sketch of the VLA 6 cm map from Basart & Daub (1987) outlining the HIl region is drawn (dotted cbnEpagtral

energy distribution of the source. We have used filled symbols to indicate our 1.3 mm data. We separately represent the total emission (circle) and
the emission associated to cold dust (square) (see text Sect. 4.1). Data at other wavelengths (empty circles) are taken from: Kreg3),et al

Hoare et al(1992), Altenhoff et al(1994), Steppe et 2{1988), Gee et a[1984), Sopka et al. (1985), Moseley (1980), Ulich (1981), Basart et

al. (1987), Elias et al(1978), Davies et a(1967), Sandell (1994) and Sahai et(@989). Dashed line: optically thin free-free emission; dotted

and dot-dashed lines: thermal dust emission from warm and cold components respectively; solid line: total predicted emission from our source
model.

5b). The similar size and orientation of the maps supports ttiest, and with that of the CO nebula 70", Masson et al1985;
idea of free-free emission as the origin of the extended 3.8 Bieging et al 1991).
component. On the other hand, the differential 0.3 Jy compo- According to the previous discussion, we have assumed that
nent, that has been found to come from a region significanthye East-West extended component of the flux is arising from
more extended than the Hll region, is probably not due to fre#ust. Taking into account this fact, the spectral fits give us a
free emission. As we have previously said, there is also warepresentative temperature for cold grains of 20 K (dot-dashed
dust ¢ 85 K) responsible of the IR spectrum, coexisting witline, Fig 5b), although temperatures between 10 and 30 K are
the ionized gas. However, such a dust emission is extremalgo possible. From the total spectral energy distribution, we
weak and cannot explain none of the observed componenthate also found a frequency power-law exponent between 1.6
1.3 mm for reasonably spectral fits. In particular, the 0.3 Jy veapd 2.3. So, we have assumed in our calculations an average
extended component we have found at 1.3 mm wavelength cealue of 2, which seems to be a frequent value in C-rich PN
not be due to emission by the warm dust, which is known to lidoare et al1992). Note, however, that from our spectral fitting
confined to the ionized (inner) envelope of NGC 7027. we can not exclude a different value of for the cold dust
component. In fact, the supposed different stage of formation of
As we see in the spectrum of this source (Bi), the emis- the two dust components could explain the presence of different
sion of the East-West component (0.3 Jy) can be explaineduatues of«, so we have also considered ~ 1 in the mass
a cold dust component, different from the warm grains resparalculation.
sible for the 20-10Qum emission. In summary, we think that  From the analysis of the radiative equilibrium temperature
we are seeing the emission from the cold dust supposed todbgrains (Sect. 3) and assuming= 2 and A, ~3-4 mag in the
presentin the outer halo of NGC 7027. We must remark that igguatorial direction, we find that only grains with sizes between
not surprising to find cold dust particles in this region. Opticdl and 20um can have temperatures in the range given by the
images show the presence of a dust component distributedpectral fit at 1% from the center. However, radii smaller than
an equatorial ring around the central star with a maximum &fum lead to a mass of dust excessively largeQ(2 M, with
the grain density (A ~ 4 mag) at approximately +5toward a =1 um). If we assume the standard value of the gas/dust ratio
the East (see for instance Bryce etE97 and Robberto et.al for this kind of objects, about 100, then the total molecular mass
1993). Then, the region which emission we are seeing coufithe envelope must be of the order of 20,. This high mass
be the natural extension of this ring-like structure, and it muistnot compatible with the actual ideas on the PPN evolution,
contain colder grains due to its larger distance to the radiatismhich establish that the progenitor AGB star had a mass between
source. Note that the size of the dusty region from our 1.3 minand 8 M. We have finally considered particles with radii
maps ¢ 30”) is consistent with the extert(44") obtained by between 5 and 2@m. With these values we obtained a dust
Gee et al(1984) from the 45@Q:m emission also due to coldmass between 0.018 and 0.0FD,, taking also into account
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the error in the flux. This value agrees with that obtained tas been associated to amorphous or layered carbon particles
Gee et al(0.03My), and it is not in contradiction with the total (Bussoletti et al1987; Rouleau & Martin 1991). Note that the
nebular mass-1-5 M, (Knapp et al 1982; Knapp & Morris relatively low value determined fat can also be an effect of
1985; Jaminet et all991). We must recall, however, that outhe presence of a radial gradient of the temperature and grain
data do not exclude larger masses if we consider smaller grashensity in the nebula. These two properties should lead to a
On the other hand, as we have mentioned, we could assunsr@oth slope in this spectral region. However, from the scarce
differenta for cold grains. If we takev=1, then the possible existing data, particularly the poor mapping, it is not possible to
temperatures obtained from the spectral fit are between 40 andmbiguously determine the temperature and density gradients
20 K. To have such temperatures at’'1§rains sizes must bein CRL 2688 which could lead to the observed spectrum (see
within the interval~ 0.1 — 1um. The mass so calculated isbelow).
~ 1-2 10 My. Note, that in this case the estimated mass is In order to estimate the dust mass in the nebula we have con-
specially uncertain. sidered the two previous possibilities. First, we have assumed
We have also estimated the mass of the warm componehat the total 1.3 mm emission, 2.1 Jy, arises from dust at
assuming 85 K and that it must be located in a region extendetb K located in a region relatively close to the nebula center
up to distancess 10” from the nebula center (Bentley et aland barely resolved by our beam. The fact that the FWHM of
1982; Moseley 1980). The latter condition constrains the graiogr map is slightly larger than the beam size of the telescope
sizes to values- 0.1 pm, resulting a value of the mass of abouindicates that the size of the dust region is somewhat extended,
2.5 102 M. The mass of the warm dust component has alse4”. From the theoretical temperature distribution we find that
been estimated by Telesco & Harper (1977) and McCarthy etladving dust with this temperature at distangeZ’ of the cen-
(1978), which obtain values of the same order assuming graire star is only possible if the grains have radii0.2 um. In

of similar characteristics. this case we have found a value of the total dust content in the
nebula of~ 3 1074 M.
4.4. CRL 2688 The previous value of the dust mass is only a lower limit,

since itis also possible to fit the spectrum with more components

CRL 2688 is a carbon-rich PPN that shows a strong bipol@econd case), one of them colder than 100 K, which system-
appearance in the optical (Ney etB75; Sahai et all998) and atically leads to larger dust masses. This complex structure of
in the near infrared (Latter et.&l993). In the NIR, CRL 2688 the nebula is in particular supported by data at cm-wavelengths.
exhibits strong emission, pointing out the presence of dust in tkieapp et al(1994) observed the radio continuum at 3.6 cm from
nebula. In fact, the central star is embedded in a large obscuigid source, and found that the emission extended up to distances
regioninthe equatorial plane, thatis probably a thick disk of dust 15” from the nebula center. The most likely mechanism in
possibly ejected during the AGB phase. CRL 2688 is a reflectighis spectral range is also thermal dust emission, so one can con-
nebula, indicating that dust is also present in the lobes. Studifisde that probably there are grains at large distance. The size
of the light scattering in the nebula (Latter et dones & Dyck of the dusty region in the Knapp et al's observations is larger
1978; Shawl & Tarenghi 1976) suggest that the grains are likehan our 1.3 mm map, so we are very probably seeing different
to be large graphite particles. However, mid infrared images afist components. If so, the 3.6 cm map will give information on
CRL 2688 indicate the presence of an additional population @tolder dust component in the envelope which is responsible of
smaller grains which do not contribute to the observed scattetad long wave spectrum\(> 1.3 cm). Taking into account this
light. fact, we have fitted the CRL 2688 spectrum<{ 1.3 cm) us-

From our mm-wave observations we have measurid two different dust components. None of the spectral fits we
in CRL 2688 a total flux of 2.2:0.1 Jy. Also, in this case we havehave tried usingx = 2 gave satisfactory results. Using a spectral
tried to separate the emission in two components, subtractindexa = 1, we have found a proper fit with a warm component
a compact component from the total flux. We have found th&i, ~ 100 K), and a colder component, needed to reproduce the
after subtraction, the extended component is elongated alonijimeter continuum excess, with temperatures below 15 K.
the direction of the nebula axis (see Fég) and shows a flux of From our 1.3 mm map, we have found that the largest distance
about 0.3 Jy. In view of the relatively low value of the FWHMrom the center that can be reached by the extended component
of the total emission~ 127, only slightly larger than the beamis ~ 6” (such a distance depends on the uncertain intensity of the
size, 113, see Sect. 2), this extended component is only tentatbtracted point-like component). However, from the theoreti-
tively detected, its flux being very uncertain. cal temperature distribution we find that such low temperatures

The spectral energy distribution of CRL 2688 is given inFigare only possible if grains have sizeg000 pm. If grains have
6b. We find that the spectral fit at wavelengths larger thgw#®5 such size then the emissivity law will be flat at wavelengths
can be properly performed assuming a single dust componsghnorter than 1.3 cm. In this case, the spectrum can be properly
with a temperature- 115 K. As we can see, there must béitted with any value of the temperature. However, a lower limit
also a warmer component responsible of the emission at shottethe temperature of the grains is given by the maximal extent
wavelengths, that will not be discussed here. From the fitting wEour map and the theoretical temperature distribution. We find
find for the exponent of the emissivity power-lawe~ 0.7. This that 40 K is the lowest possible value, which yields an upper
low value yields to a high emissivity at radio frequencies thémit of the cold dust mass of 0.015 M (using 1000um
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Fig.6. aMap of the extended component of CRL 2688, Contours are 25 (dashed) and from 37.5 to 100 by 12.5% of the maximum (0.22
Jy/beam)b Spectral energy distribution of the source. Filled symbols represent our 1.3 mm data; the circle is the total flux and the square is
a representative flux of the extended component. Empty circles are data from Knapflé0a| 1994), Sopka et.a|1985), Harvey et al

(1991), Heiligman et al(1986), Woody et al(1989), Sahai et a(1989), Walmsley et a(1991), Omont et a1995), Yamamura et a{1995),
Kleinmann et al(1978) and Jaye et.a]1989). Dotted line: thermal dust emission.

grains). The estimated mass of the warm dust componenfdsalmost all sources (Walmsley et 4B91; Knapp et all993;
in this case~ 2 1073 M. The fluxes for the cold and warmAltenhoff et al 1994). For VY CMa and R Aqr there are dif-
dust components used in the previous estimations are direédsences between our flux and those from Walmsley.égtdlo
obtained from the spectral fit. used the SEST 15m telescope for these two sourse3§8 and

It is remarkable the difference between the total dust massl43 mJy respectively; however, our data are very similar to
obtained supposing a single (115 K) or two (100 K and 40 Khose of Knapp et aland Altenhoff et al We cannot rule out
dust components in the nebula. This fact is due to the strotigit those flux differences are intrinsic, since both sources are
dependence of the mass calculation on the values of the grdinewn to be variables.
radius andw. Therefore, the estimation of the total dust mass In the case of point-like sources the estimation of the dust
in CRL 2688 is very uncertain, mainly due to the difficulty irmass in the nebula would be still more uncertain due to the im-
estimating the cool dust component. Our average value of hessibility of properly establish either the different components
dust mass isv 2 103 M, with an error of almost a factor of the observed flux and the total extent of the cold dust in the
10. Even if the uncertainty is high, we believe that this valugebula.
is representative. It is compatible with the dust mass-loss rates
estimated by several authors (Knapp e18P4; Yamamuraetal
1996), M quse~ 1.5-2 1076 M, yr—1. Taking into account the
expansion velocity of the envelope,20 km s™!, and the total We have carried out maps of the 1.3 mm continuum emission
extent of the 3.6 cm emission, the time spent by dust to reanta sample of 16 evolved stars, obtaining the following results:
such distance is- 3000 yr. Assuming the previous mass-loss a) We have found millimeter emission in 11 objects (see
rate, a total dust mass ef4.5 10°3 M, is obtained. Our value Table 1), among which two are new detections: M 1-92 and,
of the mass content is also compatible with previously estimateshtatively, M 1-91.
total mass-loss ratesf ~ 10~4 M, yr—! (e.g. Knapp & Morris b) We have found extended emission in 4 sources: M 2-9,
1985; Morris 1980) for standard gas-to-dust mass ratios. OH 231.8+4.2, NGC 7027 and CRL 2688 (tentatively). In all
these cases, we argue that at least a part of such emission is
arising from relatively cold dust. From the spectral fit we have
obtained dust temperatures ranging between 5 and 40 K, except
In Table 1, we can also see the 1.3 mm flux from objects witbr CRL 2688 for which the temperature is more uncertain and
point-like appearance. We have found emission from M 1-9tgher values are possible. Our data constitute then, the first
and, tentatively, M 1-91, PPNe which have not been previousigrtography of extended 1.3 mm emission in PPNe.
detected at this wavelength. For NGC 2346, R Sct and M2-56, ¢) M 2-9, OH 231.8+4.2 and CRL 2688, present extended
sources without previous data at 1.3 mm, we only give uppesld dust emission elongated in the direction of the nebula axis.
limits to the flux. We have found a good agreement between dithis fact could suggest that the dust responsible for the con-
results and data from observations carried out by other authtineium emission at this wavelength is rather located along the

5. Conclusions

4.5. Point-like sources
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The other component extends almost in the equatorial planegiRies, 3.G., Ferriday, R.J., Haslam, C.G.T., Moran, M., and Thomas-
to a distance of- 15" and, we argue, arises from cold dust. gson P, 1967, MNRAS 135, 139
This extended Component seem to outline the outer region ®|%S, J.H, Neugebauer, G., Werner, M. W., Ennis, D. J., Gezari, D. Y.,
torus/disk of dust observed at other spectral ranges. Houck, J. R., Matthews, K., Nadeau, D., Hauser, M. G., and Lo,
e) We have performed simple model calculations assuming K. Y., 1978, ApJ 220, 25
radiative equilibrium in an optically thin envelope in order téreast, M.W., Catchpole, R.M., Whitelock, P.A., Roberts, G., Spencer
estimate the dust temperature at a given distance to the cen-Jones, J., and Carter, B.S., 1983, MNRAS 203, 1207
ter. From the comparison of our data (extent of our maps, d&&e: G-, Emerson, J. P., Ade, P. A. R., Robson, E.I., and Nolt, I.G.,
temperature and exponent of the emissivity power-tawwyith 1984, MNRAS 208, 517
such a theoretical temperature distribution, we have obtainedGaer%ar" D.Y, .SChm'tZ’ M". .and Mead, J.M., 1987, Catalog of Infrared
; . . . . Observations, 2nd edition, NASA RP-1196
estimation of the grain radii. We have found that grains m }Iman, R.C., 1974, ApSS 28, 397
have sizes larger than t.hose in the interstellar medium in or fiet, F.C., and Soifer, B.T., 1976, ApJ 207, 780
to reproduce our data, in general betweenl — 100 ym. We  Graham, J. R., Herbst, T. M., Matthews, K., Nuegebauer, G., Soifer, B.
must note, that our estimations are not free from uncertainties, T., Serabyn, E. and Beckwith, S, 1993, ApJ 408, L105
mainly due to the difficulty of clearly separate the emission arisarvey, P.M., Lester, D.F., Brock, D., and Joy, M., 1991, ApJ 368, 558
ing from cold dust and to the uncertainty in the dust emissi¢feap, S. R., and Hintzen, P. 1990, ApJ 353, 200
model. Heiligman, G.M, Berge, G. L., Claussen, M. J., Leighton, R. B., Lo,
f) We have also estimated the mass of cold dust in the K. Y. Masson, C. R., Moffet, A. T., Phillips, T. G., Sargent, A.
sources which present extended emission (see Table 2). M 2-9,!-, Scott, S. L., Scoville, N. Z., Wannier, P. G., and Woody, D. P.,
OH 231.8+4.2 and CRL 2688, have cold dust masses of the O'rl-di?)?:r;c?pé i"osiggg QURAS 24, 283
der~ 10 M_% while NGC 7027.see.ms to have agreater. duﬁoare, M. G., Roche, P. F. and Clegg, R. E. S., 1992, MNRAS 258,
content~ 10~ M. The uncertainty in our mass calculations 057
is notably high in the cases of NQC 7027 and CRL 2688: 9£1coby, G. H. 1988, ApJ 333, 193
about a factor 10. We have also estimated the mass of the waginet, p.A., Danchi, W.C., Sutton, E.C., Bieging, J.H., Wilner, D.,
dust component for the extended sources, and we find valuesryssel, A.P.G., Sandell, G., 1991, ApJ 380, 461
always equal or smaller than those of the cold component. Wge, D., Fienberg, R.T., Fazio, G.G., Gezari, D.Y., Lamb, G.M., Shu,
accordingly conclude that a large fraction of the total dust con- P.K., Hoffmann, W.F., McCreight, C.R., 1989, AJ 97(3), 809
tent is in the extended cold dust component. Jones, T.J., and Dyck, H.M., 1978, ApJ 220, 159
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