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Abstract. We have observed four carbon stars (W Ori, RW LMaess position varies systematically with the velocity. We at-

[CIT6], Y CVn,and LP And[IRC+40540])inthBCN(J =1— tribute this to a large-scale asymmetry in the envelope. We also

0) line and three of them (RW LMi, Y CVn, and LP And) alsdind that some of the spectra obtained towards the map cen-

in the CN(V =1— 0) line using the IRAM interferometer ontre are highly asymmetric, with the redshifted emission being

Plateau de Bure. The HCN brightness distributions are centgdnificantly stronger than the blueshifted emission.

on the stellar positions suggesting a photospheric origin of this

molecule. We see the expected structure of a hollow CN brightey words: stars: circumstellar matter — stars: late-type — stars:

ness distribution outside that of the HCN emitting region (IAGB and post-AGB — stars: mass-loss — stars: carbon

particular, for RW LMi and LP And).
We have used a non-LTE radiative transfer code, based on

the Monte Carlo method, to model the circumstellar HCN and |ntroduction

CN line emissions. We have, in addition to the interferometer

data, used also multi-transition single dish data as constraif¥8ymptotic giant branch (AGB) stars often have massive cir-
The results are qualitatively, and in most cases also quaﬁﬁ_mstellar envelopes (CSEs) formed by intense mass loss dur-

tatively, consistent with a simple photodissociation model, [R9 the very last phases of their evolution (Olofsson 1996). The
which HCN is produced in the stellar atmosphere, while tfeSES consist of dust grains and gas, where the latter is mainly
observed CN is formed in the circumstellar envelope due ifymolecular form as a consequence of chemical reactions in
the photodissociation of HCN. The most notable discrepan®f Stellar atmosphere as well as in the envelope itself. For
is the low CN/HCN peak abundance raties).16, obtained Various reasons, studies of circumstellar chemistry, while in-
for those objects with the best observational constraints. Th&&Esting in their own right, are moreover of great importance
are lower by at least a factor of two compared to the resultsf8f Understanding key processes of astrochemistry in general:
also more elaborate chemical models. Some of our modellifit§ Physical conditions span broad ranges in e.g. temperature
discrepancies, e.g., the weakness of the mH@&EN(J = 1— 0) and density, the geometry and kinematics are relatively well de-
intensities, are attributed to a too crude treatment of the radiatffe#d; the tenuous external parts of the CSEs favour a very active

excitation in the inner region of a circumstellar envelope, affictochemistry, and the evolution of the central star leads to,
to a lack of knowledge of the density structure and kinematig@Metimes drastic, changes in the physical conditions and hence

in the same region. We find it particularly difficult to model th&€ chemistry. _ S _
circumstellar line emissions towards RW LMi, and suspect that Circumstellar molecular line emission is an important tool
this is due to, e.g., a mass loss rate that has varied with tifk studying many aspects of the late stages of stellar evolution.

and/or a non-spherical envelope. The HCN and CN brightne%‘%me of the molecular emissions are particularly suitable for es-
maps suggest the latter. timating the mass loss properties of the stars, e.g., CO and OH,

Furthermore, we have obtained interferometric data twhile other molecular abundances (including isotopic ratios)
wards RW LMi in also théINC(J =1 0), HC3N(J =10 Mmay be used tq estimate elemental abundances, as well as other
9), HC;N(J =34— 33) andSiS(J =5 4) lines. The HNC, Stellar properties. However, our knowledge of the small- and
HC;N, and HGN molecules appear to be distributed in jarge-scale dlstr_lbutlor_w of the molecules in CSEs _(e._g., neces-
shell, while the SiS emission is clearly confined to regiorf&"y for calculating reliable a.bundances)_ls ratherl!mlted, since
close to the star. ThREICN(.J =1 0), HNC(J =1 0), and only for a small sample of objects the emission regions of a few

HC3N(J =10— 9) lines show the effect that the peak bright'—i”es are resolved with single—dish observations. In principle,
the only data with reasonable statistics and angular resolution

Send offprint requests tM. Lindqvist are the interferometric CO (Neri et al. 1998) and SiO data (Lu-
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Table 1. Source sample

Source  «(J2000.0)  §(J2000.0) Distance Period L M* ve? v 2co/3co’
(pc) (days) (k) (Mgyr™") (kms™') (kms™')

W Ori 05"05™23%72  01°10'39"5" 220 212 2600 %1078 11.0 —1.0 —

CWLleo 09 47 57.33 13 16 43.42 120 630 9600 1510°° 145 —26.5 50

RWLMi 10 16 02.35 30 3419.0° 440 640 9700 610°¢ 17.0 —1.0 35

Y CVn 12 45 07.83 45 26 24.91 220 157 4400 151077 8.5 —22.5 2.5

LPAnd 23 34 27.71 43 3302.22 630 628 9400 1.510°° 14.0 —16.0 55

! Hipparcos? Becklin et al. [196D)? Claussen et al {1987),Sctvier & Olofsson[(2000b)} Sclbier & Olofsson[(2000a)

cas et al._1992; Sahai & Biegihg 1993), if we exclude data enethod used by Olofsson et al. (1903a). We have also included
OH and HO maser emission. For a number of species, e.g., @8 carbon star CW Leo in our sample for comparison. The
SiS, HNC, HGN, HC;5N, CH, C3H, C4H, C3N, MgNC, and HCN(J=1—0) and CN(N =1— 0) data (Dayal & Bieging
SiC,, there exist high-quality interferometric maps, but onl§995) used for the modelling of CW Leo has been extracted from
for one object, CW Leo [IRC+10216] (Bieging & Tafalla 1993the Astronomy Digital Image Libra{ﬂyThe apparent bolomet-
Dayal & Bieging[1993, 1995; Gensheimer et[al. T995¢ku ric fluxes used to estimate the luminosity of the stars have been
et al.[1993[ 1997; Lucas et al. 1995; Lucas &4&Bu1999). obtained from Kerschbaum (private comm.); see Kerschbaum
Therefore, the size of the emitting region (i.e., the inner ai{@999) for a description of the method used.
outer radii of the emitting envelope), which is crucial in the
calculation of the molecular abundance and which is often 1S

. : - .1. Sources
termined by the photodissociation of the molecules, has to be
estimated using theoretical models (Olofsson et al. 1993b; Bu1.1. W Orionis

jarrabal et al. " 1994), and hence is very uncertain. Additional% Ori (also known as IRC+00066, RAFGL 683, and IRAS

the size may depe.nd on the partlcular transition in qgesﬂ 028+0106) is a semiregular (SRb) carbon star with a pe-
due to different excitation requirements (e.g., Bel1993; Audi- . : .
i ‘ riod of 212 days. The Hipparcos distance280 pc. From the

nos et al. 1994; Wootten et &l. 1994). The status of present da . . LT
apparent bolometric flux we estimate that the luminosity is

millimetre arrays makes it possible to determine not only tr& 00 L. The spectral energy distribution (SED) can be mod-

size of the emitting region in different molecular lines, but alsoIIed using a single blackbody of 2200 K, suggesting a low mass
the geometrical structure of the CSE, and hence the mass I;E")ssS rate. The mass loss rafe — 7 x 1’0_8 M. vl svs-
properties of the central star. Such observations may be useﬁf?o. I. : — 10k 1. d oyt - Iy .
compare with, and, hopefully, better constrain chemical mode(?sm_I Cl\{eoiclty’g‘i 7h N g s t,' an i %a;s ex%agsm dn VI(? OC(I:Jty't
(e.g., Glassgold et al. 1986; Cherchneff et al. 1993; Cherchn%g'f_ Lkms -, have been estimated from radio fine data

& Glassgold 1998; Millar & Herbst 1994; Willacy & Cherchneffclucc:Z:jeirn&tLhce)lrc:]fc‘j'l‘?a %ﬁli?lci)r?:;sjf\?e alsfo Osltﬁggr)l'e\:valo (r '1 (\;\é%sa'g
1998; Doty & Leund 1998; MacKay & Charnley 1999). y e o

To improve upon this situation we present the results of i#— has a surprisingly stronglCN(J =1~ 0) line for its low
pre b P . . mass loss rate. This is at least partly due to probable maser ac-
terferometric measurements of HCN and CN line brightness d{

S- T .
tributions towards a sample of carbon stars, and in addition Sl@n In this line, as suggested by narrow features as well as time

. . PN iabili i 0; al. 1993b; i
HNC, HG;Nand HGN line brightness d|str|but|onstowardsthev‘fjmab":.t_y (Izumiura T99D; Olofsson ethl 1993b; 'Z”m'““”? et
. . al.[1995; Olofsson et dl. 1908). In addition, the CN/HCN line
high mass loss rate carbon star RW LMi. The chosen stars spatri . o .
. . 7 _5 - intensity ratio is anomalously low (Bachiller etlal. 1997). Thus,
quite a large range in mass loss ratés,” — 107> Mg yr~'.In

order to make a quantitative analysis of the data we have used have observed only thECN(J =1 0) line towards this

a non-LTE radiative transfer code, based on the Monte Caﬁgr'
method, to model the circumstellar molecular line brightness
distributions. 2.1.2. CW Leonis

CW Leo (also know as IRC+10216, RAFGL 1381, and IRAS
09452+1330) is a wellknown Mira variable carbon star with
a period of 630 days. In fact, it has by far most the well-
In this section we present the sources, the observational equifrdied AGB-CSE. Using the period-luminosity relation of
ment and procedure, and the data reduction. Some dataGmenewegen et al. (1998) we estimate the luminosity to be
the sources are given in Talfle 1. The Hipparcos positions 8680 L. The apparent bolometric magnitude gives a distance
given in the FK5 system (Equino¥2000.0, Epoch=/2000) of 120pc. The SED can be modelled using a single black-
with proper motions taken into account as computed by Vizighddy of 510K. Using CO data Soter & Olofsson [[2000b)
(Ochsenbein_1997). If possible, we use Hipparcos distances.

These tend to be smaller than the distances obtained by tHenttp:/adil.ncsa.uiuc.edu

2. Observations and data reduction
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derivedM = 1.5 x 1075 Mg yr~!, v, = —26.5kms™ !, and the blackbody luminosities is 6.6, with the cooler one being the
ve = 14.5kms~! (see also Se¢il 4). CW Leo was included imore luminous. Using CO data Siibr & Olofsson [(2000b)

the survey of Olofsson et al. (1993a,b). We model here, for coderived M = 1.5 x 1075 Mg yr~!, v. = —16.0kms™?,
parison, the interferometrilCN(1— 0) andCN(N=1—0) andv. = 14.0kms™! (see also Sedfl 4). Hence, in all re-
data obtained by Dayal & Bieging (1995). spects it resembles RW LMi and CW Leo. It was not included

in the molecular line survey of Olofsson et al. (1993a,b), but
M Sopka et al.[{1989) have detected HCN and CN. We present
2.1.3. RW Leonis Minoris HCN(J =1— 0) andCN(N =1— 0) brightness maps.
RW LMi (also known as IRC+30219, CIT6, RAFGL 1403, and
IRAS 10131+3049) is a semiregular (SRa) carbon star wi
a period of 640 days. The period-luminosity relation for C-
stars (Groenewegen & WhiteloCk 1996) gives a luminosity dhe observations were made using the IRAM interferometer
9700 L. Using this luminosity and the apparent bolometri@Guilloteau et al._1992) on Plateau de Bure, France, between
flux we arrive at a distance af40 pc. The SED can be mod-1993 and 1995. During the time of our observations it changed
elled using two blackbodies with temperatures of 1000 K arficom three to four 15 m diameter reflector antennae equipped
510K, respectively. The ratio of the blackbody luminosities isith cooled SIS heterodyne receivers operating in the 3mm
6.7, with the cooler one being the more luminous. Using CO daténdow.
Schdier & Olofsson((2000b) derivetil = 6 x 1076 Mg yr—,
ve = —1.0kms™!, andv, = 17.0kms™! (see also Sedl 4).
This star appears very similar to CW Leo. It is relatively ric
in detected circumstellar molecular species (e.g., CO, HCMe HCN(J =1— 0) observations took place between Febru-
CN, HNC, HC3N, HC5N, C3N, and SiS; Jewell & Snyder ary and July, 1993. We used the snap shot mode with the configu-
1982; Henkel et al. 1985; Sopka et lal._1989; Olofsson et &htions C2, B2, and B3. This corresponds to baselide300 m.
1993a,b; Fukasaku et al. 1994). Guilloteau efal. (1987) discd¥e used about three observations (at different hour angles) per
ered a strong, vibrationally excited, masifiC’N(J =1— 0) configuration, each one consisting of two integrating periods of
line. For this star we presedfCN(J=1—0), CN(N=1— 20 minutes, interspaced by four minute integrations on a phase
0), SiS(J=5—4), HNC(J=1—0), HC3N(J=10—9), and calibrator. The bandwidth was 80 MHz, and the number of fre-
HC5N(J = 34— 33) brightness maps. guency points 128 (frequency separation 0.625 MHz) covering
the HCN(J =1— 0) line atyy, = 88.632 GHz.

.2. Observations

%.2.1. HCN

2.1.4. Y Canum Venaticorum

Y CVn (also known as IRC+50219, RAFGL 1576, and IRA
12427+4542) is an SRb carbon star with a period of 157 daysThe CN(V = 1— 0) observations at 113.3 GHz were also done
is the brightest (in the optical) known J-type carbon star [i.e., itis snap-shot mode, and they took place during 1993 and 1994.
characterized by a loWC/3C-ratio in the stellar atmosphere, The bandwidth was 80 MHz, and the number of frequency points
3.5 (Lambert et al._1986)]. The Hipparcos distariz#) pc, is 128 (frequency separation 0.625 MHz). We covered all the hy-
used in this paper. Using the apparent bolometric flux we arriperfine lines during the observations, but the analysis was done
at a luminosity of4400 L. The SED can be modelled using anly for the lines not affected by blending in the low-frequency
single blackbody of 2200 K. Using CO data $@r & Olofsson group.

(2000b) derived, = 1.5x 1077 Mg yr—!, v = 22.5kms ™,

andv, = 8.5kms~! (see also Sedf] 4). Y CVn was included i .

the molecular line survey of Olofsson et &l. (1993a,b). Izumiu?éz's' SIS, HNCHC,N andHCsN

et al. (1996) reported the presence of a large detached dust shiedi observations of the Sibe5—4; 90.772GHz),
around this star. We preseHCN(J=1—0)andCN(N=1— HNC(/=1-0; 90.662 GHz), HC3N(J =10—9;

0) brightness maps. 90.979 GHz) and HC;N(J =34— 33; 90.526 GHz) lines
towards RW LMi were made during February and April, 1995.
The configuration set was CD, which corresponds to a full
2.1.5. LP Andromedae synthesis. The bandwidth and frequency points were the same
LP And (also known as IRC+40540, RAFGL 3116, and IRA8s for the HCN and CN observations.

23320+4316) is an extremely reddened Mira variable carbon

star with a_peri_od of 628 days (Cohen & Hitchon 1996). Th§3 Data reduction

period-luminosity relation for C-stars (Groenewegen & White-

lock[1996) gives a luminosity ¢f400 L,. Using this luminos- The data were calibrated using the software package CLIC
ity and the apparent bolometric flux we arrive at a distance @@ontinuum and Line Interferometer Calibration), which is a
630 pc. The SED can be modelled using two blackbodies wittedicated package for calibration of Plateau de Bure interfer-
temperatures of 1100K and 610K, respectively. The ratio ofneter data. For bandpass calibration we used either 3C345

§.2.2. CN
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or 3C273. In most cases we degraded the spectral resolutipnt 2.1 kms~!). The width of each annulus is the pixel size

to ~2.1kms~! prior to making maps. In the case of CN, wen the map. This can be compared to the sizes obtained in the
averaged, the 3 strongest hyperfine components not affectedrbyrier plane. For unresolved emissions the radial brightness
blending, i.e., theg = 1/2— 1/2 group with relative weights 8, 8, profile only reflects the beam profile.

and 10. We fitted models directly to the visibilities to obtain the The integrated spectrum can be used to estimate the effect
best centre position prior to making maps. The results of this fitf missing flux by comparing with single—dish data. We have
ting process are the flux density and the position offsetsdnd chosen to compare with Onsala 20 m telescope (OSO) data (see
0 from the phase reference centre of the model source (normalgbles[@ & [3). However, note that Tablé 3 gives the total in-

a circular Gaussian). We then changed the phase tracking cetdgeated flux of the two hyperfine groups of the CN lines. To
by applying an appropriate phase shift to the data. The errors obavert fromT’; (K) to flux densities (Jy) we used conversion
tained from the fit (see below) are the relative positional errdiactors of 19.5 and 25.7 for HCN and CN, respectively. Note
of the phase tracking centre of the array. The absolute positiotiglt the line intensities, integrated over velocity, in Tables 2 &
rms are probably much larger. The position we obtained frd8hare given in the main beam brightness scale, i.e., the antenna
the model is compared to the optical position (or other data) eimperature has been corrected for the atmospheric attenuation
the star, Tablg]1. The GILDAS (Grenoble Image and Line Datasing the chopper wheel method) and divided by the main beam
Analysis Software) package, the XS package (a spectral liefficiency. The latter isz 0.6-0.5 (= 0.4—0.3 for data obtained
reduction package developed by P. Bergman at Onsala Spaefre March 1993) in the frequency range 86-115 GHz for
Observatory), and the National Radio Astronomy ObservatoBSO data.

AIPS (Astronomical Image Processing System) package, were
used to produce maps and analyse the data. In most cases, we
used uniform weighting which gives higher resolution than nat-~"
ural weighting, but a lower S/N-ratio. The resulting resolutiomhe HCN(J =1— 0) data obtained towards W Ori are pre-
is ~3—4'. The velocity scale is given with respect to the Localented in Fid.11. The UV-coverage is rather poor with a base-
Standard of Rest (LSR). The typical rms in an emission fréiee coverage of about5-125m, Fig[la. We have estimated
channel is about0-30 mJy beam ™!, unless another value isthe position of the HCN peak by fitting a circular Gaussian
given. The intensity scaled, is given in Jy beam~! which source model to the UV-data averaged over the velocity interval
may be converted to brightness temperatures ufisusing  —1.0 + 5.0kms~!. The result isa(J2000) = 050523570

and 6(J2000) = 01°10'39”6, which we adopt as the centre

HCN towards W Ori

Tg = SA? , (1) Position. The error obtained from the model fit is abollit in
2kQp « andé, respectively. The position agrees, within the absolute
wherek is the Boltzmann constank,is the wavelength ang@;  Positional uncertainty o&0’5, with the Hipparcos position,
is the beam area given by’ Oé(J2000) = 05h05m23§72 and(S(JZOOO) = 01010/39//5 We
have applied the same model to the high-resolutidn =
Qp = THmajorfminor @) 0.5kms~1) UV-data. There is no systematic variation of the
4In2 ’ position of the HCN peak across the line profile. The esti-
Wherebymajor ANdboyine: are the major and minor axis of themated half-power radius i8/4 + 0”5 at the systemic veloc-
restoring beam. ity (—1.0 & 0.5kms~!). We do not see the expected variation

of the size of the envelope as a function of the line-of-sight
. velocity. Thus, our size estimate is most likely an upper limit
3. Observational results on HCN and CN due to the poor sampling. The cleaned velocity-channel maps

In this section we present the observational results on HCN a#tPw only unresolved emission. The rms in an emission free
CN. Each star is discussed in a separate sub-section. The siZ&1@nnel is abous0 mJy beam™'. We present only a velocity
the emitting region has been estimated by applying model fitéégrated map (from-14.2to+12.2kms~"), Fig.[Ib. The syn-

to the data in the Fourier plane (Lucas etal. 1992), normaffjesized CLEAN beami’4 x 376, is also shown. The position
by assuming a circular Gaussian or a uniform disk brightne@sthe HCN peak in the image plane is consistent with the re-
distribution. The fit is done independently for each channdult obtained with the method described above. Both the line
This may be a simplistic approach since some emissions shiefrfile at the centre pixel and the integrated line profile (over
signs of asymmetry. Selected cleaned velocity-channel mapst@&map) show narrow features (very likely of maser origin) at
presented in figures, as well as the synthesized CLEAN be#i blue- and red-shifted edges of the emission, Figs 1c and
(shown at the half power contour) and the UV-plane coveradgk.We have used the integrated line profile, Eig. 1d, for a com-
Negative contours are dashed and zero is omitted for all cd@/ison with single—dish data. The flux density (frem4.2 to

tour plots in this Paper. We also present the velocity-integrated 2-2 kms ™) is 256 Jy kms~". We estimate that the single—
maps. Furthermore, for each map we present the spectrum agtig8 flux is~53 Jy kms~' (based on OSO observations, Ta-
map centre and the integrated spectrum (over the map). We hl@d). Thus, we may conclude that the map contains all of the
extracted radial brightness profiles by computing annular avElfCN emission (even with a limited set of observations).

ages of the data close to the systemic velocity (typically around
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as expected (within the errors), i.e., it is largest at the systemic
velocity where we find a half power radius4if6 & (/1 (in the
velocity interval—1.0 £2.1kms ™). The HCN emission in the
velocity-channel maps, where the synthesized CLEAN beam is
3’1 x 179, is resolved, FidgJ2b. Even though the images show
the expected structure, a closer look at the HCN brightness dis-
tributions suggest some departures from spherical symmetry;
the emission appears to be elongated with a position angle, PA,
T RN BN B TR N N N N of about—25° (PA is counted from north to east). The line pro-
—200 O 200 10 5 0 -5 -10 file at the centre pixel and the integrated line profile (over the
(m) offset (arcsec.) map), Fig§Pg and i, have similar rounded shapes suggesting op-
R e e tically thick emission. The asymmetry of the line profiles can be
d) explained by the three hyperfine components of.thkel — 0
transition. The radial brightness profile (around the systemic
veloctity, —1.0 & 2.1kms~1), Fig[2k (solid line), cannot be
fitted with a simple Gaussian. It shows extended emission at
about4” from the adopted centre position (a similar result has
been obtained towards CW Leo; Dayal & Bieging 1995). The
7 i result of the model fitin the Fourier plane is probably an overes-
NS NN NS N N R timate compared to the radial brightness distribution. The flux
-0 0 10 -0 0 10 density in the integrated (from-24.1 to +22.2kms™1!) line
Visw (km/s) Vise (lm/s) profiley(over the mgp), Fi 2i, is abo8®3 Jy kms~!. V\)/e es-
Fig. la—d. Results for W Ori.a The UV-plane coverage for the timate that the single—dish flux is342 Jy kms~! (based on
HCN(J =1— 0) observations Velocity integrated map (from14.2  OSO observations, Tal{lé 2), which is within the calibration un-
to+12.2kms ") of the HCN(J = 1 — 0) line emission using natural certainty of the single—dish/interferometer observations (about

weighting. The pixel size i8”'5 x 0”5. The coordinates are relative oo each). Thus, we may conclude that the map contains all of
t0 a(.J2000) = 05"05™23:70 and §(J2000) = 01°10'39"6. The  tho HON(.J = 1—» 0) emission.

—1 —1.
contours range from-15 to 90 by 15 Jy beam ““kms 7 the peak " \ye haye not obtained a reliable estimate of the size in the
value is90.5 Jy beam™ "kms™ " (zero is omitted, and dashed con-

tours are negative in all contour plots in this Paper). The synthesife(au.rler p""“?e of the CN b“ghtness dlsmbuuon. at the the sys-
CLEAN beam [shown at the half power contour (filled) in the lowelemic Ve'QC'tY- The rea}son 'S_ the rather Compl'cat.ed.Stn'_'Cture
left corner] is4”4 x 3”6 with a position angle 027°. ¢ Interferome- Of the emission seen in the images. The CN emission in the
ter HCN(J = 1— 0) spectrum at the map cen(idv ~ 0.5kms~"); Velocity-channel maps, where the synthesized CLEAN beam is
1.0 Jy beam ™! corresponds to a brightness temperature of 9@Ii: 3”7 x 28, is clearly resolved, Figl2d. It outlines, as expected,
tegrated (over the maps) interferomet@CN(J =1— 0) spectrum a hollow shell. This is also clearly seen in the radial brightness
(Av = 0.5kms™ ). distribution, and it is indicated by the highly double-peaked
spectrum obtained towards the centre pixel. The size varies as
a function of the line-of-sight velocity, i.e., it is largest at the
systemic velocity. There is a clear elongation at RA25°,

i i.e., in the same direction as the HCN emission. The bright-
3.2. HCN and CN towards RW LMi ness distribution is strongest in the NE and open towards the W.
The HCN(J=1—0) and CN(N=1—0) data towards The radial brightness profile (derived around the systemic ve-
RW LMi are presented in Fi] 2. The resulting UV-coveragdgcity, —1.0 + 2.1kms™"), Fig.[2k (dotted line), indicates that
for the HCN and CN observations are shown in Filys 2a affte peak emission occurs at ab6tit from the adopted centre
[Zc, respectively. Using a circular Gaussian model to fit the ddt@sition. The spectrum at the map centre is asymmetric with the
in the Fourier plane we find evidence for a systematic vafed-shifted emission stronger than the blue-shifted onel Fig. 2h.
ation of the position of the HCN peak across the line prdhe fluxdensityinthe integrated (from24.1t0+22.2kms™")

file, both ina and§. Similar results have been obtained foline profile, Fig[2j, is about5 Jy kms~'. We estimate that the
some of the other emissions and the reason for this is diAgle-dish fluxis=94 Jy kms~" [based on OSO observations;
cussed below (see Sdct]6.6). As a consequence, we have chdgtthat the interferometer fluxes for CN in this paper is an av-
the position of the continuum emission as the reference pogiage of the three strongest hyperfine lines in the low frequency
tion for the HCN channel maps as well as for the maps of thgperfine group of the&&N(V =1— 0) transition; see above].
other emissions (see Séctl6.1). The adopted centre positiohhis discrepancy is larger than the calibration uncertainty in the
a(J2000) = 10"16™02:28 §(.J2000) = 30°34’18”9, whilethe single dish/interferometer data, and we conclude that some of
position of the HCN peak position at the systemic velocity #€ CN(/V =1— 0) emission is missed by the interferometer.
a(J2000) = 10"16™02538 ands(.72000) = 30°34/1774. Nev-

ertheless, the estimated size does vary with line-of-sight velocity

T T i}\“‘W““ TTTTTTTT

=b)

£
10

200

0

I I R A W
5

0
L B L B O B
-10 -5

V‘wmwbww

—200

c)

4

2

Intensity (Jy/beam)

0
2
Flux density (Jy)




M. Lindqvist et al.: Molecular envelopes around carbon stars 1041

RW LMi
T { LI { LI { T T TrTT { TTTT { TTTT { TTTT I TTTT { TTTT { TTTT { TTT TA [TTTT { TTTT { TTTT { TTTT I TTTT { TTTT { T TTT‘TTTTA
o [ a) HCN __ F b) -19.9 F -1363 o F 4) -19.9 F -13.6 1
o o T A S r T A
QL - » T ] X n T ]
r ) C T ] C T ]
Eof - O T 1 e - + 5
ol ., E T - 1 o C T .
o - — T 3 o — I 3
a ~ - + ] Q E + B
I - C T 1 \ o T ]
L Cope e b b e b b 11 [y a ' |
crrrT { TTTTNTTTT‘TTTTiiT 1T { T { T { T { T { T { LI crrrT { TTTT { TTTT { TTT 1T T L
L -73 I -09 5.4 7 C 73 T I ]
: -+ T 1 B @O + -+ E
:1 - l llllllllllllll::l - l - l - l - 1::1 lllll: :1 11 ll 1::1 - l - l - l - 1::1 l:
crrrT { TTTTNTTTT‘TTTTiiT 1T { T { T { 1T T,,L NTTTTA crrT T‘ _rrTT { T { T { T 11T L
L 11.7 18 ] L I . 18 T ]
o T T 1] o[ 10 il 5a
~r T T 1 ~r O T T ]
r . T T 3 oo T T ]
° - T T 0 °r - xQ T E
o [ T T ] o L T T ]
Es + Ed ~1 TF ¢ + + E
:1 111 l 1111 l 1111 l 111 1::1 111 l 1111 l 1111 l 111 l::l:l 11 l 1111 l 11 e {il: ; Vljl‘: bl 1 1. l 1111 l 11 1"[ l 111 1::1 111 l 1111 l 1111 l 111 1::1 111 l 1111 l 1111 l 111 l:
10 0 -10 10 0 -10
Offset (arcsec.) Offset (arcsec.)
CT { L { L { LI { L { L { L 7T { L { T T T { T7 T { L { L { T [T T T ‘ LI LI
— o [ ® HCN 1 h) N 42 _ 9 Fi) HeN d ) eN 4 Fk 18
E S F E 12 r ] qe 8 2F 1°
S F ] o 7 S F ] 1- 8 7 F ]«
Lo - F ] o w 2 . ] el C - o
NS E E B g C ] J - N = BN
N o 7 4 5} ] N N
Z o f ] 4= C ] 16 = r 1
- — 4 o — — ] C
- 9F ] . Ber ] q4o s QL 12
g E E ] = - E . o o 4 o
~ o | - - ©° C ] Jo ™ co. ]
il § l 11 1 l 11 1 l 1 | l 11 1 l 11 1 l 1 O i l 11 1 l 11 1 l 1= | l 11 1 l 11 1 l l: o ”I 11 I 1110 3 o
—-20 0 20 —-20 0 20 -20 0 20 —20 0 20 0 5 10
Visr (km/s) Visr (km/s) Visr (km/s) Visr (km/s) Radius (arcsec.)

Fig. 2a—k. Results for RW LMi.a The UV-plane coverage for tH€CN(J = 1 — 0) observationsh Velocity-channel mapéAv ~ 6.3kms™')

of the HCN(J =1— 0) line emission using uniform weighting. The pixel sizedis3 x 0”'3. The coordinates are relative t.J2000) =
10"16™02328 and(.J2000) = 30°34'18”9. The central LSR velocity of each channel is given in the upper right corner. The contours range
from —0.4t02.0 by 0.2 Jy beam™'. The peak value i8.1 Jy beam ™', and1.0 Jy beam ™" corresponds to a brightness temperature of 26.4 K.
The synthesized CLEAN beam 1 x 1”9 with a position angle oft5°. ¢ The UV-plane coverage for theN(N = 1— 0) observations.

d Velocity-channel maps of th€N(N =1— 0) line emission. The contours range fread.06 to 0.30 by 0.02 Jy beam ™ *. The peak value

is 0.3 Jy beam™', and1.0 Jy beam ™" corresponds to a brightness temperature of 9.1 K. The synthesized CLEAN b&Am-i2’8 with a
position angle of-163°. The rest as in Fif]2ke Velocity integrated map (from-24.1 to 22.2 km s ') of the HCN(J = 1 — 0) line emission.
The contours range from3 to 27 by 2 Jy beam ™ *km s~ *; the peak value i26.2 Jy beam 'km s~ . f Velocity integrated map (from-24.1

to 22.2kms™") of the CN(V =1— 0) line emission. The contours range frond.4 to 2.0 by 0.2 Jy beam™'kms™!; the peak value is
1.9 Jy beam ™ 'kms™'. g-h InterferometefICN(J = 1 — 0) andCN(V = 1 — 0) spectra at the map centfAv ~ 2.1kms™').i-j Integrated
(over the maps) interferomet@fCN(J =1— 0) and CN(NN =1— 0) spectra(Av ~ 2.1kms™'). k The radial brightness profiles of the
HCN(1— 0) (solid line) andCN(N =1 — 0) (dashed line) emission close to the systemic velqeity.0 2.1 kms™").

3.3. HCN and CN towards Y CVn lute positional uncertainty o£0’5, with the Hipparcos posi-

~ _ tion, a(J2000) = 12245™0783 ands(.J2000) = 45°26/2479.
The HCN(J =1~ 0) andCN(V =1 0) data towards Y CVn By applying the same model to individual channefsv( ~

are presented in Figl 3. The resulting UV-coverages are shg Mems—1), we find no systematic variation of the position

![?orllzlgfsttgz ggﬂN Ep?e’arlf Stge;\t/':?%iX;etﬁs\(?ve;;g?;eﬁ]éh\?eﬁ %the HCN peak across the line profile. The estimated half-
- y H Y/ // H i H
ity interval +22.0 4 2.1kms~!. The result, using a circular%oWer radius 19075 = 0705 (in the velocity interval+22.0 &

i : . ) . .
Gaussian brightness distribution to fit the datay(g2000) = (2"‘15173;1: ve)lb -(EIT)? &S'tflhn;a;ig esgsdver;r;er?naes; :21 vzli{[rr:icr??r?eoi (t)k;]e; i|(|jneer_
12M45™07384 and §(.J2000) = 45°26/24’8, which we adopt

o | le uncertainties). As in the case of W Ori the HCN emission in
as the centre position. The error obtained from the model )

. . . L the velocity channel mapsis unresolved. In this case we present a
is 0702 in botha andé. The position agrees, within the abso- y P P
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Fig. 3a—k. Results for Y CVna The UV-plane coverage for ti@CN(J = 1— 0) observationsh Velocity-channel magpAv ~ 2.1kms™") at
the systemic velocity22.0 km s~ *) of the HCN(.J = 1 — 0) line emission using uniform weighting. The pixel siz&i8 x 0”’3. The coordinates
are relative tax(.J2000) = 12"45™07:84 and§(J2000) = 45°26'24"/8. Contours range from-1.0 t0 7.0 by 1.0 Jy beam™*. The peak value
is 7.4 Jy beam™', and1.0 Jy beam ™" corresponds to a brightness temperature of 16.9 K. The synthesized CLEAN b#&indL”'5 with a
position angle o83°. ¢ Velocity integrated map (fror.4 to 36.7 km s ') of the HCN(J = 1 — 0) line emission. The contours range fro

t0 45 by 5 Jy beam ™~ 'km s ™!, and the peak value 5.5 Jy beam ™ *km s~ *. d The UV-plane coverage for th&N(/N = 1— 0) observations.
e Velocity-channel map at the systemic velocity of t6&/(/NV = 1— 0) line emission using uniform weighting. The pixel sizedi® x 0”2.
Contours range from-0.15 to 0.55 by 0.05 Jy beam™'. The peak value i6.6 Jy beam !, and1.0 Jy beam ! corresponds to a brightness
temperature of 36.9 K. The synthesized CLEAN beag{'isx 1”3 with a position angle of-163°. The rest as in Fif 3l.\elocity integrated
map (from9.4 to 36.7 km s~ ) of the CN(IV = 1 — 0) line emission. The contours range fren.4 to 2.4 by 0.4 Jy beam ™ 'kms ™, and the
peak value i€.6 Jy beam™'km s~ . g-h InterferometefICN(J = 1 — 0) andCN(NV = 1— 0) spectra at the map cenffAv ~ 2.1kms™').

i-j Integrated (over the maps) interferometBEN(J = 1 — 0) andCN(N =1 — 0) spectrd Av =~ 2.1kms™'). k The radial brightness profiles
of the HCN(J = 1— 0) (solid line) andCN(N = 1— 0) (dashed line) emission close to the systemic veld@®y0 + 2.1kms™").

velocity integrated map (from9.4to +36.7 kms~!) and ave- solved and we marginally detect a hollow shell distribution (as-
locity channel map atthe systemic velodityv ~ 2.1kms~!), sumingthe same centre position as for HCN), Hig. 3e. The width
Fig.[3b and c. The synthesized CLEAN bea&fi x 2”5, isalso of the shell is not resolved (the beansis x 2”'5). This is also
shown. The position of the HCN peak, inthe image plane, is castiown in the radial brightness profile (around the systemic ve-
sistent with the result obtained above. The line profile at the cdaeity, 22.0 & 2.1km s~ '), Fig.[3k. The peak occurs at about
tre pixel, Fig[3g, and the integrated line profile (over the map).4 from the adopted centre position. The CN brightness dis-
Fig.[3i, have similar rounded shapes suggesting optically thitkution in the maps is inconsistent with the model applied in
emission, but the hyperfine structure affects the shape. SincetheeFourier plane. Compared to the radial brightness profile, the
are not resolving the emission, the radial brightness profile peize obtained from the model is probably a slight overestimate
sented in Fid.13k (solid line), integrated over the velocity intervaf the true distribution. The integrated line profile is asymmetric
+22.04+2.1kms~!, merely reflects the beam profile. Hence, weith the red-shifted emission stronger than the blue-shifted one,
cannot compare with the size estimate obtained from the mo#éj.[3j. The spectrum at the map centre has a similar asymmetry
fit in the Fourier plane. The flux density in the integrated linend the horns at the extreme velocities show the characteristic
profile, Fig[3i, (from9.4t036.7kms~ 1) is~95 Jykms~'.We of emission from an (at least partly) resolved shell, Big. 3h. The
estimate that the single—dish flux4g.08 Jy kms~—! (Table[2). flux density in the integrated (fro4 to 36.7 km s 1) line pro-
Thus, we may conclude that within the measurement errors file is about32 Jy km s~!. We estimate that the single—dish flux
map contains most of the HCN emission. is~29 Jy kms~! (based on OSO data). Thus, we may conclude
A crude estimate of the size of the CN brightness distribthat within the measurement errors the map contains all of the
tion has been obtained by applying a uniform disk brightne€N emission.
distribution model to the data in the Fourier plane. The size
yarigs_ as a function of the I@ne—of—s_ight veIoci'Fy as expecteg.,4_ HCN and CN towards LP And
i.e., itis largest at the systemic velocity. The estimated diameter
is 579+ 0”1 close to the systemic velocit@Z.0+2.1kms~'). TheHCN(J=1— 0)andCN(N =1— 0) datatowards LP And
The CN emission at the systemic velocity is at least partly rare shown in Figl4. The resulting UV-coverages are shown
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in Figs[4a andJ4c, respectively. We have estimated the pations. Thus, we may conclude that the map contains most of
sition of the HCN peak by averaging UV-data in the velodhe CN emission.

ity interval —16.0 &+ 2.1kms~!. The result, using a Gaus-

sian model to fit the data, is(./2000) = 2373427351 and 4 circumstellar model and radiative transfer

0(J2000) = 43°33'01”6, which we adopt as the centre position.

The error obtained from the Gaussian model fi¢i€’03 bothin We have developed a non-LTE radiative transfer code, based on
aandd. Itis close to (within the absolute positional uncertaint{he Monte Carlo method, to derive some basic physical prop-
of <0’5) the best published IR position (with an uncertainty dg¥rties of the CSEs under study, and to model the observations
3"), a(J2000) = 23"34™27571 and§(.J2000) = 43°33/02/2 presented in this paper. Assuming a spherically symmetric, ex-
(Claussen et al. 1987), as well as with the G&(L — 0) peak Panding envelope the code calculates the molecular excitation,
position found by Neri et al_(1998),(/2000) = 23"34™27343 i.e., the level populations, needed to solve the radiative transfer
and §(J2000) = 43°33/01”79. The model fitting suggests noequation exactly. The kinetic gas temperature is calculated by
systematic variation of the position of the HCN peak as a fungolving the energy balance equation, considering the most im-
tion of the velocity. The estimated size varies with line-of-sigtortant heating and cooling mechanisms, including heating by
velocity as expected (within the errors), i.e., it is largest at tigist-gas collisions and cooling by CO using the derived level
systemic velocity where we find a half power radiug/6f+(071.  populations [see Sditer (2000) for details].

The HCN emission in the velocity-channel maps, where the syn- The modelling of the CO emission observed towards these
thesized CLEAN beam i8/3 x 179, is resolved and appearssources, as presented in 8@r & Olofsson((2000b), results in

to be spherically symmetric, Fig. 4b. The position of the HCRstimates of some of the basic parameters of the CSEs, such
peak, in the image plane, is consistent with the results obtairf&ithe mass loss rate, the expansion velocity, and the radial ki-

above. The radial brightness profile (around the systemic W&tic temperature distribution of the gas. The three (in some
locity, —16.0 + 2.1kms™!) presented in Fif]4k (solid line) cases four) lowest rotational transitions of CO were used in

can be fitted with a Gaussian with a radius266 &+ 072, i.e., the analysis. The data were collected using the Onsala 20 m

consistent with the result of the model fit in the Fourier plantelescope (OSO), the Swedish-ESO submillimetre telescope
The centre pixel and integrated spectra, [Flgs 4g and i, sugd&tST), the IRAM 30 m telescope, the NRAO 12 m telescope,

optically thick emission. We have used the integrated line prénd the JCMT. The derived model CO intensities are generally
file, Fig[2i, for a comparison with single—dish data. The flugonsistent with the observations, and we believe that the derived

density (from—32.9 to +7.1kms 1) is about123 Jy kms~!. mass loss rates are accurate to within a factor of two (neglect-

We estimate that the single—dish fluxigd01 Jy km s~ (based ing the errors introduced in the adopted distances). However, we
on OSO data, Tab[@ 2). The discrepancy is within the calibraote that the CO envelope around RW LMi may have properties
tion uncertainty of the single—dish/interferometer observatiorigat differ from those of our simple circumstellar model, e.g., the
Thus, we may conclude that the map contains most of the HOM’sS loss rate may have been varying in time and there may be
emission. substantial deviations from sphericity. The estimated mass loss

We have fitted a disk brightness distribution model to tH@tes and expansion velocities of our sample stars are presented
CN UV-data. The size varies as a function of the line-of-sight Tablel1, and these are the values, together with the derived
velocity in the expected manner, i.e., it is largest at the systerkigetic temperature distributions (shown in Hiy. 7 for the radial
velocity (—16.1 + 2.1kms™~'), where the estimated diametefange relevant to the HCN and CN emission discussed here),
is 1271 + 0”3. The CN emission in the velocity-channel map#hich are used in the analysis of the HCN and CN emissions.
presented in Fifl4d is resolved and appears to be sphericallyWe define the fractional abundancgy, of a molecular
symmetric, but the brightness distribution is rather patchy, sugpecies, X, agx(r) = n(X)/n(Hs), i.e., its number density
gesting some degree of clumpiness of the medium (the Syﬁlatlve to that of molecular hydrogen. We will here assume
thesized CLEAN beam ig”0 x 23). Furthermore, there is that the radial abundance distributions of HCN and CN can be
evidence of the expected hollow shell distribution (assumifigpresented by Gaussian functions. This will give slightly differ-
the same centre position as for HCN). The width of the shellggit distributions than those derived from the photodissociation
unresolved. The radial brightness profile suggests that the pg¥gdel below, but due to the limitations of our observations, we
emission occurs at aboBt3 from the adopted centre position find it reasonable to use this somewhat simpler description. For
The spectrum at the map centre shows horns at the extremeh¥eN we use
locities, which is characteristic of emission from an (at Iea%CN(T) —f o= (r/7e)? 3)
partly) resolved shell, Figl4h. The integrated line profile has'a ’
rounded shape, though asymmetric, suggesting optically thizkeref; is the initial (photospheric) abundance of HCN aqd
emission, Fig}4j. We have used the integrated line profile fisrthee-folding distance, i.e., the radius where the abundance of
a comparison with single—dish data. The integrated flux dgiCN is f/e. For CN we use
sity (from —32.9 to —1.3kms™!) is about37 Jykms~!. We At 2

. . . ; 1 fon(r) = fp e o=mp)/Ar] (4)
estimate that the single—dish flux4227 Jy kms~! (based on /CN p ’
0OSO data). The discrepancy is abGO%, which is within the Wherefp is the peak CN abundan@J the radius of the peak
calibration uncertainty of the single—dish/interferometer obsefbundance, andr is the full width of the shell at the-folding
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Fig. 4a—k. Results for LP Anda The UV-plane coverage for tHECN(J = 1— 0) observationsh Velocity-channel mapéAv ~ 4.2kms™')

of the HCN(J =1— 0) line emission using uniform weighting. The pixel sizedis3 x 0”'3. The coordinates are relative t.J2000) =
23"34m27551 and§(.J2000) = 43°33'0176. Contours range from-0.3 to 1.2 by 0.10 Jy beam™'. The peak value i.2 Jy beam™, and
1.0 Jy beam ™! corresponds to a brightness temperature of 25.5K. The synthesized CLEAN b&#ndsl”’9 with a position angle 089°.

¢ The UV-plane coverage for théN(/N =1 — 0) observationsd Velocity-channel maps of th€N(N =1 — 0) line emission. Contours range
from —0.15 to 0.3 by 0.05 Jy beam™'. The peak value i9.3 Jy beam ™', and1.0 Jy beam ™" corresponds to a brightness temperature of
10.4K. The synthesized CLEAN beam450 x 2”3 with a position angle o89°. The rest as in Figl4te Velocity integrated map (from
9.410 36.7km s~ ') of the HCN(J = 1— 0) line emission. The contours range frem to 13 by 1 Jy beam ~'kms~!, and the peak value is
12.6 Jy beam ™ 'km s~ . f Velocity integrated map (frorf.4 to 36.7 kms~ ') of the CN(V =1 — 0) line emission. The contours range from
—1.2t02.8 by 0.2 Jy beam ™ 'km s ™!, and the peak value 58 Jy beam™'km s~*. g-h InterferometefICN(J = 1 — 0) andCN(N =1— 0)
spectra at the map cent(@v ~ 2.1kms™'). i-j Integrated (over the maps) interferomef@€N(J = 1— 0) and CN(N = 1— 0) spectra
(Av ~ 2.1kms ™). k The radial brightness profiles of tH&CN(1 — 0) (solid line) andCN(V = 1— 0) (dashed line) emission close to the
systemic velocity —16.0 + 2.1kms™?).

points. These assumptions are based on the fact that we exjmetls, and the transitions between them, will be very large. In
HCN to be a photospheric species, and CN to be the photodismbination with the high optical depths present in the HCN
sociation product of HCN (e.g., Huggins & Glassgold 1982).modelling some models become very time consuming.

The radiation from the central source will excite the cir- Inthe case of HCN radiative excitation is primarily possible
cumstellar molecules through various vibrational transitionis. the stretching modes at@n and 5um and in the bending
We have taken this into consideration by including those vibrarode at 14:m. The 5um transitions are about 300 times weaker
tional states regarded to be important. In addition, both HGNan the 3:m and 14um transitions (Bieging et al. 1984), and
and CN have a hyperfine structure, and the resulting line ovéhrey are therefore not included in our excitation analysis. In
laps are taken into account within the Monte Carlo scheme [sasch of the vibrational levels of HCN and #CN we used ro-
Schoier (2000) for details]. As a result the number of energgtional levels up t0/,,.x=20. The energy levels and radiative
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rates where calculated using results in Bieging el al. (1984). Wble 2. HCN modeling results compared to single dish observations.
used the rotational collisional rate coefficients between HCN

and He from Green & Thaddeus (1974), modified to accousburce Tel. Trans. Tobs Imoa  Ref.
for the difference in molecular weights between He angathd (Kkms™) (%)
extrapolated fo/ >7 and temperatures higher than 100 K. They Ori SEST 10 4.8 ~76 1
hyperfine structure was calculated using the results in Truong- 0SSO 0 4.6 -54 1
Bach & Nguyen-Q-Rieu{1989). In the modelling, the hyper- SEST 32 9.0 +11 2
fine structure was included only for levels<6 in order to limit SEST 43 59 4121 2
the number of transitions in the molecular excitation analysfgW Leo  NRAO  1-0 84.0 +46 3
The splitting of the levels become less important the higher the SEST 10 %00  -11 1
J-level, and this justifies a treatment of the highrotational 0SO -0 290.6 S 1
levels as single. Also thietype doubling in the upper states of NRAC 3-2 5477 t2r 2
. ’ SEST 32 675.9 +19 2
the 14um transitions was included. JCMT 3.2 825.9 19 3
For CN we include 10 rotational level&V(,...=9), includ- ICMT  4-3 1295.9 22 3
ing hyperfine structure, in each of the ground state and the first 0SO 1-0,13 121.9 +26 1
excited vibrational state, which lies 4.81 above the ground JCMT  3-2,13 419.8 +9 3
state. We have not investigated the effect of a, potentially im- JCMT  4-3,13 503.2 +11 3
portant, low lying electronic state of CN. The energy levels alRWW LMi NRAO 1-0 9.2 -41 2
the radiative rates are calculated using the scheme presented SEST 10 22.4 -64 1
in Truong-Bach et al[(1987). Since the rotational collisional 0sO -0 29.7 -51 1
rates of CN are unknown we use the ones for CO, modified NRAO  3-2 48.7 -9 2
by the difference in molecular weights. These collisional rates ?ga{_ i; g%% Jij é
were modified in order to account for the hyperfine structure '
0SsO 10,13 5.0 +10 1
following Truong-Bach et al[ (1987). Y CVn NRAO 1-0 31 63 2
In our models they=1 levels are only radiatively excited 0sO 1.0 0.4 68 1
from the ground state. Collisional excitation may become im- NRAO 3-2 9.6 +4 2
portant in regions with high density and temperature, i.e., in SEST 10,13 1.2 _48 2
the inner parts of CSEs. However, assuming that the unknown 0SO -0, 13 3.3 -62 1
ro-vibrational collisional rate coefficients are not larger tharP And  OSO 0 11.0 -10 2
those of pure rotational transition (which is reasonable here), NRAO 3-2 24.1 +13 2
we find in our excitation analysis that, at least in the circumstel- 0SO0 10,13 4.5 -4 2
lar models presented here, vibrational excitation by collisioAsOlofsson et al. 1993b; 2. Sgier & Olofsson (2000c, in prep.);
is unimportant when compared to radiative excitation. 3.JCMT public archive.

5. Modelling of the HCN and CN emission

model spectra, which would be obtained towards the centres of
the CSEs with a Gaussian beam of the size of the clean beam,
The brightness distribution maps of the molecular line emighich were compared with the interferometer spectra towards
sions, presented in Sect. 3, were used to derive radial brightniggscentre pixel.

distributions, which we compared to the results of the mod- When modelling the HCN and CN emission we have, as a
elling. When producing the radial brightness distributions wesmplement to the interferometer data, used single dish data of
average the emission over a velocity interval equal to the expaarious origins as further constraints (see Tal@&[3). These
sion velocity of the envelope and centered on the stellar velocitgnsist of mainly low transition HCN and CN data from Olofs-
This will assure that we always have good signal-to-noise ratiasn et al.[(1993a), supplemented with new observations aimed
In the case of W Ori and Y CVn reliable size estimates of the getting data on the higher transitions (8ieln & Olofsson
HCN envelopes are not possible to obtain from our observati®®00c, in prep.). There is some overlap between the two data
since the sources are not resolved. In these two cases we insse#sl so the quoted intensities for the Olofsson et al. (1993a)
used, as conservative upper limits, envelope radii equal to aréerence may differ from what was published in that paper. In
fourth of the full half power beamwidth. The derived abundancesldition, we have obtained HCN data from the JCMT public
from the radiative transfer analysis will then be lower limits. Faarchive for CW Leo.

W Ori, where no CN interferometer data exist, we used the ra-

']E|o of the HCN envelope size to the peak CN abundance rad]yi:% The CW Leo results

rom a simple chemical model (see Sect.5.4) to estimate t

peak CN radius. In addition, for W Ori and Y CVn we alsd@’he archetypical carbon star CW Leo has been extensively
constrained the width of the CN shell used in the circumstellstudied using various molecules, among them HCN and CN.
model,Ar, from the simple chemical model. We also producelayal & Bieging (1995) presented an analysis of their obser-

5.1. Observational constraints
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Table 3.CN modeling results compared to single dish observations.

Source Tel. Trans. ket Iiow Ihies Ilow, It Ref.
(Kkms™) (Kkms™1) (%) (%) (%)

W Ori* SEST 0 <1.0 <1.0 — — — 1
0SsO 1-0 <3.6 <3.6 — — — 2
SEST 21 1.3 0.9 +23 -11 +9 2

CW Leo NRAO -0 84.3 57.2 -3 -1 -2 2
SEST 10 138.6 80.1 —23 -8 —-17 1
0SO 1-0 145.3 93.1 —6 +1 -3 2
NRAO 2-1 80.3 46.9 —6 -3 -5 2
SEST 21 61.1 375 +31 +30 +31 2

RW LMi NRAO 1-0 12.0 7.6 =21 -13 —18 2
SEST 10 24.6 16.8 —41 —-40 —41 1
0SsO 1-0 39.0 23.6 -37 —29 —34 2
NRAO 2-1 13.3 9.4 +50 +10 +33 2
SEST 2-1 22.7 13.7 +15 0 +10 2

Y CVn 0SsO 1-0 8.5 7.3 +11 —40 —-13 1
NRAO 2-1 5.3 55 +38 -20 0 2

LP And 0SO 10 11.2 6.6 -7 +2 -5 2
NRAO 2—-1 7.2 3.6 +7 0 +3 2

> For W Ori we derive CNV =1 — 0) model intensities (for the high and low frequency components) of 0.5 and 0.3K'krasd 1.0 and
0.6Kkms™!, for SEST and OSO, respectively.
1. Olofsson et al. 1993; 2. Sgler & Olofsson (2000c, in prep.).

vations of HCN and CN line emission towards CW Leo usingnsities are consistent with the observations, except for the
the BIMA interferometer. The excitation analysis they used waCN(J = 1— 0) line emission observed with the NRAO 12m
based on the Sobolev approximation. In order to estimate teéescope, see Tal@ &[3. Themodelling of the interferom-
HCN abundance they instead modelled the observEtCN eter data is presented in Fig). 6. Here both the calculated radial
line emission, where optical depth effects are small. They ibrightness distributions and the spectra at the centre position
cluded hyperfine structure only in the lowest rotational traare compared with the observations. The model reproduces well
sition, but during the excitation calculation these levels webmth the radial distributions and the observed intensities of the
assumed to be populated in LTE. Subsequently, departure earious hyperfine components.
efficients from LTE,b; = n;/nyiTE, Were introduced for each From our  excitation analysis  we estimate
of the three hyperfine levelsin the /=1 state, and these werefy(H'>*CN)=1x10"% and r,=4x10'cm. Thus, in our
then used as free parameters, which were varied until a gonddelling of CW Leo we get an HCN envelope with
fit to the observed spectrum was obtained. Using this modelsomewhat lower abundance and a larger spatial extent
they derivedf,(H!2CN)=7.8x10"7 andr.=2.4x10'6 cm, as- compared to what was reported in Dayal & Bieging (1995), if
suming a distance of 100 pc and=2x10-5M yr~'. Apply- we correct for the differences in mass loss rate and distance.
ing the same approch to model th&@N emission resulted in This differences are most likely due to the difference in the
H!2CN/H'3CN abundance ratios that were much too low contreatment of the radiative transfer. We are also able to model
pared to what is obtained from observations of optically thime H'2CN emission and obtain a'BCN/H'3CN abundace
lines of other'?C and!3C-species. This illustrates that opticatatio of 50, i.e., the same as tHéCO/3CO-ratio (Schier &
depth effects are important, and that the IR pumping lines a#ofsson2000a), and in good agreement with the value of
not treated correctly within the Sobolev approximation. ~45 that has been obtained from observations of optically thin

Dayal & Bieging (1995) did not solve the full radiative transtines (e.g., Kahane et al. 1988). However, in order to obtain
fer for CN. Instead they used a simple LTE approach by ake observed interferometer flux in thé3€N(J =1— 0) line
suming an excitation temperature ®K and again introduced at the centre position we are forced to reduce the amount of
departure coefficients from LTE. They derivgg=3.9x10-%,  IR-flux from the central source by an order of magnitude. We
r,=2.8x10'® cm, andAr=2.4x10' cm. will discuss this further in Se¢t.5.3.

We have modelled the same data set as presented in DayalThe CN modelling results irf,=8x 10, 7,=5x 10'® cm,
& Bieging (199%) using our radiative transfer code with a dend Ar=4x10'% cm. This is a slightly larger and broader CN
tailed treatment of the hyperfine structure and overlapping linesivelope than obtained by Dayal & Bieging (1995). Again, as
and with the basic parameters for the CSE as given in Tdblénlthe case of the HCN modelling, this is most probably re-
and shown in Fid.]7. We have included the single dish data pflecting the differences in the treatment of the radiative transfer.
sented in Table2 & [3 asfurther constraints. The resulting in-We get excitation temperaturess# to 8 K depending on the
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Fig. 5. Multi-transition HCN and CN spectra (histogram) observed towards LP And, overlayed with the best model results (full line) using a
mass loss rate of 1:5107° M, yr—*, a peak HCN abundance 0k30~°, a peak CN abundance 0&k80~%, and a H>CN/H!?CN-ratio of 55.
The telescope used, and the corresponding beamsize, for each observation is given.

hyperfine line. The results are compared with the interferom@+erall fit to many lines is getting worse the higher the CN

ter data in Fig.6. For CN, the total integrated intensity of thebundance.

high-frequency hyperfine group of CN(= 1— 0) was used to Bachiller et al.[(1997) also studied the CN emission towards

produce the radial brightness distribution. CW Leo. Using a simple model, assumifig,;=6 K, they ar-
When producing the CN radial brightness distributions weyed at f,=6.2x10~" with an estimated (from a simple pho-

as did Dayal & Bieging[(1995), used the high-frequency hyedissociation model) envelope extending fromx110'% cm to

perfine group of the CN{ =1— 0) transition. In our mod- 3.3x10'S cm. The derived CN abundance is significantly lower

els we note that the brightness distribution produced by thfsan our estimate. The CN envelope is smaller and located closer

group, where considerable line overlap occurs, is significanttythe star than in our model.

smaller in spatial extent than those of the non-overlapping

lines in the low-frequency group. Recently, Lucas & Gueli

(1999) presented a PdB interferometer brightness map, u5|g :é] Results for the other stars

the three strongest components in the low-frequency hyperfiilge single dish observations which are used to constrain the

group. This, geometrically thin, brightness distribution peaksaodels and the model results are presented in $&x%¢3. Here

roughly 2@, i.e. well outside the peak radius found by Dayal &e observed intensities (in main beam brightness temperature

Bieging (1995) using the high-frequency group. In our modstale and integrated over the lind),s, are compared to the

we are able to consistently model both these data sets, angnedicted intensities],,,,q. The latter are expressed relative to

ascribe the different molecular extents to the difference in théive former. The fits, both to the integrated intensities as well as

excitation. the overall line shapes, are generally very good, as can be seen
We have found that radiative excitation is important also fam Fig.[3 for one of the sample stars, LP And. The fact that we are

CN. Turning off the central radiation field produces CN linable to reproduce the observe¥i@N(J = 1 — 0) line emission

intensities that are significantly lower by about factor of two tote that this line has a much lower optical depth than the

three (depending on the transition). This decrease in intengityresponding F*CN line and possible numerical difficulties

can be partly offset by increasing the CN abundance, but ttennected with high optical depths (e.g., convergence) are much
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Fig. 6. Interferometer radial brightness distributions and centre spectra overlayed with the model results [full lines; note that the CN results for
RW LMi, Y CVn, and LP And are obtained for an average of the three strongest hyperfine lines in the low-frequency hyperfine group of the
CN(N =1— 0) transition]. In the radial brightness distribution plots the dot—dashed line represents the circular beam (with the same surface
area as the CLEAN beam) used in the radiative transfer calculations. The errors indicated in the radial plots are the quadratic sum of the statistical
errors from the averaging over concentric annuli and an estimated calibration etr20®4.
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reduced in this case] using ad#N/H!3CN-ratio equal to the stronger HCN{ = 3— 2) line emission than what is observed.
12CO/3CO-ratio derived by Sakier & Olofsson[(2000a) gives For Y CVnthe HCN( = 3— 2) line is only inverted over a small
support to the reliability of the derived'®CN abundance. part of the envelope, located close to the star, and the emission
The interferometer observations are compared with tfrem thisregion does not contribute to the intensity of the single—
model results in Fig.l6. Here both the averaged radial brigitish model spectra [in W Ori the HCME 3— 2) line is not in-
ness distributions as well as the spectra obtained at the stellerted at all]. In addition, there exist no observational evidence
positions are compared to those obtained from the models. Bbmaser emission from this transition in this type of stars. In
CN, the three strongest components in the low-frequency lour modelling we therefore used the observed HCNB — 2)
perfine group of the CN{ =1— 0) line have been averagedemission when estimating the HCN abundance in the low mass
toghether. For LP And we are able to reproduce both the radi@ds rate objects, since we believe it to be more reliable than
brightness distribution and the observed centre spectra, witttie highly masing HCN[ = 1 — 0) emission. Also some of the
the observational uncertainties, for both the HCN and CN emisies in the low frequency hyperfine group of CNE 1 — 0)
sions. However, when modelling the"+CN line emission to- are inverted for the low mass loss rate stars, due to IR-pumping
wards this high mass loss rate object we were forced to rediiigh the first vibrational state. However, this CN maser is not
the amount of IR emission from the central star in order to rstrong and we also find that the predicted flux in the model
produce the observed interferometer spectra in the inner pastseasonable (see Talile 3). Furthermore, we can explain the
of the envelope. The emission from the central star excites iBI(N =2 — 1) line intensities without having population in-
ground state via pumping through mainly theyd vibrational version in this transition for any of the sample stars, contrary to
state. The effect of this pumping is that tfie 1 — 0 transition what was suggested by Bachiller et al. (1997).
becomes sub-thermally populated in the inner parts of the enve- The derived molecular envelope sizes and abundances
lope thereby reducing the intensity emanating from this regianounded off to one significant digit) of HCN and CN are
The same problem occurs for CW Leo (see above) and RW LBlimmarized in Tablgl4, and the abundance distributions are
(see below). This reflects our crude treatment of the sourcesbown in FiglY. Although the estimated sizes of the HCN en-
IR-emission, and our lack of knowledge of the density structuvelopes span over an order of magnitude the derived HCN
and the kinematics in the inner region of the CSE. A detail@bundances are fairly similar, arourbx10~5. Olofsson et
model of radiatively excited molecules would have to includa. (1993b) estimated the photospheric HCN abundance for a
this, as well as the radiative transfer in the dust present arodadje sample of optically bright carbon stars and found a value
the high mass loss rate objects. of (2.5+:1.5)x107°. Thus, our results are fully consistent with
For RW LMi we have a problem to consistently reproa photospheric origin of HCN. For CN, there is a larger spread
duce simultaneously the HCME 1— 0) and HCN(=3— 2) in the derived circumstellar abundances. However, comparing
single-dish intensities. Furthermore, if we use the estimatedr estimates for CN with the photospheric abundances from
12CO/3CO-ratio of 35 (Schier & Olofsson2000a) to fur- Olofsson et al.[(1993b), we note that the circumstellar value is
ther constrain the model, we find that thé28N(J=1—0) aboutthree orders of magnitude larger, clearly showing that CN
line is much too weak [if we reproduce the ®LN(J=1— 0) is produced in the envelope.
emission which is considerably less affected by optical depth Bachiller et al.[(1997) have also modelled the CN emission
effects]. This is due to the fact that thé 3#N(J =1— 0) line towards our sample stars. Using a simple model assuming a
is sub-thermally excited throughout the envelope. We must alsenstantl;,; they estimated circumstellar abundances that are
decrease the luminosity of the central source by a factor of tenfair agreement with those derived from our modelling for
in order to reproduce the interferometer HON{(1 — 0) inten- W Ori, Y CVn, and LP And, but significantly lower than our
sities. In addition, we are not able to reproduce the observestimates for RW LMi and CW Leo.
radial HCN brightness distribution. In this connection, we men-
tion once again the problem in modelling also the circumstellg
CO emission (Sabier & Olofssori 2000b) of RW LMi.
Comparing the calculated single—dish intensities with tighemical models of carbon stars predict that HCN is a molecule
observed values we find that we generally have a problem withphotospheric origin that gets photodissociated by the ambi-
the HCN(J = 1— 0) intensities for the low mass loss rate starnt UV-field, when the HCN envelope gets thin enough, into
W Ori and Y CVn. For both objects the HCXE 1— 0) line CN (e.g., Huggins & Glassgold 1982). The observational con-
is known to exhibit maser features (Olofsson el'al. 1993b; Izaequence of this is the creation of a ring of CN molecules sur-
miura et al. 1995). Although we get inversion of this line (almosbunding the HCN envelope.
throughout the entire envelope) in our model the effectis toolow Using the mass loss rates and expansion velocities listed in
to explain the observed emission (see Table 2). One way to §ablel we have estimated various parameters of the HCN and
stronger maser emission would be the introduction of high de@N envelopes from a simple photodissociation model (Huggins
sity clumps. In future improvements of the code this possibili§ Glassgold_1982). In this model the dust shielding distance
has to be investigated. Another possibility to increase the flux(i$ura & Morris 1981)
the HCN(/ =1 — 0) line is to significantly increase the amount
of HCN present in the wind. This will, however, produce much

4. Comparison with theoretical models
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Fig. 7. The radial abundance distributions of HCN (solid) and CN (dashed) relative tortthe sample stars, as derived from our circumstellar
models. Also shown for each object is the kinetic temperature structure (dotted) obtained from modelling of the CO emissien&Sch
Olofssori 2000b).

Table 4.HCN and CN model parameters. A colon (:) indicates that the result from a simple chemical model has been used in order to constrain
the parameter (see text for details).

HCN CN
Source fo Te f r Ar
P P
(cm) (cm) (cm)

W Ori >7x107° <3 x 10'° >1.5%x107° <6 x 10'°: 1 x 10%:
CW Leo 5x107° 4 % 106 8 x 1076 5 x 106 4 % 106
RW LMi 2x107° 4 % 10 3x 1075 5 x 10¢ 4 % 10'°
Y CVn >6 x 107° <3 x 101® 6x107° 6 x 10'° 1 x 10%:
LP And 3x107° 4 % 106 5x 1076 5 x 106 4 % 106
de = 1 43(Q/a)x UM ®) et al|1993b). In the photodissociation model we also used the

=" 4pg  4mug unshielded photodissociation rates from van Dishoeck (1988);

nen=1.1x10"?s71, andGy ocn=2.5x 10710 s~ 1.

rmines how effectively the molecules are shielded from tH&HON> . : .
dete es how effectively the molecules are shielded fro téWe find that the envelope sizes (using our limited sample)

ambient UV-field by the dust. Her@ is the dust absorption should scale roughly asi( /v.)"6 for HCN and as {7 /)03

efficiency, pq is the density of a dust grain, anrdis its size. . .
Since different species are photodissociated at different wa{c/%r—CN' The CN to HCN abundance ratio should-58.7, with .
nly a weak mass loss rate dependance. Our results are quali-

lengths,@/a will depend on the species under study. Here we . . . X :
have adopteda=2 g cnT3, (Q/a)non=2x 10° cm~! (Koike et V\{)::mvely consistent with such a picture, Higj. 8. Our modelling of

al.[1980), and @/a)cn=1.2x(Q/a)ucn (Truong-Bach et al. :he ortljlservaplons B(—T:?uilts |ri1nHCNdenv?Iopri Srﬁ?/vﬁltvr:"tzh scraléai
1987). In Eq.[(6) we have introduced the dust-to—gas ratio, t.OUQf y a?hM/i}]E)t d € 1l tgoo agd eIeFﬁ% 8a. Th € pfe i-d
Here we adopt a value of=0.005 for all sample stars. Fur- lon from the photodissociation mode?, -oa. The estimale

i [ 0.5 j
thermore, the dust expansion velocity was set equal to the CN envelope sizesy,, scale roughly asi{/ve)"*, in excellent

gas expansion velocity for the high mass loss rate objects. =% eement with Fhe quel prediction, @'.Sb' While we find the
the low mass loss rate objects, however, we adopted a dusteé(ﬁeaed behaviour W|th.res_,pect o the thickness of the molecu-
pansion velocity twice as large as that of the gas (cf. Olofssl(% envelopes, X//uv.), their sizes are larger, on the average, by
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about a factor of two than what is predicted by the photodi#ie more elaborate chemical models by e.g. Cherchneff et al.

sociation model. It should be noted, however, that some of t{{#©93). Dayal & Bieging (1995) discuss this, but reach no defi-

input parameters to the photodissociation model are highly umite conclusion. It is important to get better interferometer data

certain. One should also keep in mind that we have used simpielower mass loss rate objects to identify any possible trend,

Gaussians to represent the abundance distributions in the winich may shed light on this problem. The result for RW LMi

cumstellar model. Based on tests we estimate that “observéipeculiar in the sense that the derived CN abundance is larger

r andr, will be somewhat smaller if we use the radial dethan the HCN abundance. However, RW LMi appears to have

pendence of the abundance distributions that come out of thetrange envelope, and the derived CN to HCN abundance ra-

photodissociation model. tio may be an artifact of the inability of our assumed model to
The ratio of the CN to HCN molecular envelope sizg#y., represent this CSE.

are above unity for all stars supporting the prediction from the

photodissociation models that the CN emitting region shouyd other emissions towards RW LMi

reside outside that of HCN, F[d. 8c. Observationally this ratio

has a somewhat stronger mass loss rate dependence than Wh#¥s section we present other emissions obtained towards

is expected. In Figd8d we compare the CN to HCN peak abuRW LMi. They where all obtained simultaneously. Due to the

dances,/ fo. complicated nature of some of the emissions, and the problems
Itis clear that the abundances have the largest uncertaintéshave experienced in modelling the CO, HCN and CN data

of the estimated quantities, and itis also difficult to see a definRé RW LMi, we have chosen not to present a model for these

trend in the results for the CN/HCN peak abundance ratio. THata. We discuss the detection of continuum emission, and the

most reliable results are probably those for the high mass I#S(/ =5—4), HGN(J =10—9), HGN(J =34— 33) and

rate objects. For (LP And and CW Leo) we firfg/ fo~0.16 HNC(J =1— 0) line emissions. It should be noted that for these

[we note that Dayal & Biegind (1995) derived a value of 0.1data we have a full synthesis observation. Finally, we discuss

for CW Leo], significantly lower than what is predicted in théhe result that the position of the peak intensity changes system-

simple photodissociation model. Such low values can only Bécally across the line profile for some of the emissions.

obtained in this model if the photodissociation rate of CN is

significantly higher, relative to that of HCN, than what we havg 1. continuum emission

used. Another possible explanation would be a chemical re-

action which destroys CN, and that has not been includedV¥¢ have detected continuum emission at 90.7 GHz towards
RW LMi by averaging data free of line emission (the total
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smaller than that of CW Leo, which may be explained by the
difference in mass loss rates. Lucas ef al. (1995) showed that the
brightness distribution d$iS(J =5— 4) towards CW Leo is a
mixture of a centrally peaked source and a surrounding second
envelope. This is not seen towards RW LMi, possibly due to a
lack of angular resolution. Even though our data supportthe idea
that both SiS and HCN are of photospheric origin, the angular
size of SiS is considerably smaller than that of HCN as noted
by Bieging & Tafalla [[T993) for CW Leo. Both the integrated
spectrum and the spectrum at the centre pixel are very asym-
metric (triangular) with the red-shifted emission much stronger

—200 0 200 . . .
(m) than the blue-shifted one. This is very different from the result
_ _ o ~_obtained towards CW Leo, where tB&(J =5— 4) line pro-
Fig.9a and b. Continuum emission map at 90.7GHz (withinfile at the map centre is symmetric and has horns at the extreme
~400 MH2) towards RW LMi using uniform weighting. The coore|ocities (Bieging & Nguyen-Q-Riel 1989). Furthermore, we
ggﬁ%ﬁi;fg rglatltve ta(JQOOO? = 120t166 82?8 e;ndbé(JZ(_)(go) :d note that a line intensity ratio involving SiS is very different for
- LONMOUrs range from-=2 10 & by L mJybeam -, aNd  yhq yyo stars (Bujarrabal et &, 1994; Olofsson €t al. 1998). This
the peak value i6.2 mJy beam™ . The synthesized CLEAN beam is S - - . .
/ P o o may indicate more complicated excitation effects in RW LMi.
376 x 2”6 with a position angle 073°. ) S
We have also made maps using natural weighting, and the re-
sults are similar to those presented in Eig. 10. Since we are not

bandwidth used is abodb0 MHz), Fig[3. The peak intensity is fesolving the emission, the radial brightness profile presented
~6.4mJy beam~ and the flux density is abo8tnJy. Therms i Fig.[L0k merely reflects the beam profile. The flux density
in the image is about:0.4 mJy beam~'. We have determined in the integrated (from-24.1 to +22.2kms™") line profile,

the position of the peak by fitting a circular Gaussian to the ddt#[L0i, is~16 Jy kms~'. Bujarrabal et al.[(1994), using the

in the Fourier plane. The resultis(.72000) = 10t16™02:28 |RAM 30m telescope, found a flux density 68 Jy kms™".
andd(J2000) = 30°34/18”9, which we have adopted as thelhus, we may conclude that, within the measurement errors,
centre position for RW LMi in the analysis of the line emissiorfhe map contains all of th&iS(J = 5— 4) emission.

The error obtained from the model fit($1 both inae ands. The

position is consistent, within the absolute positional uncertaingy3. FC ;N

of <0’5, with the HCN maser position found by Carlstrom .

et al. [1990),a(J2000) = 10"16™02:29 and §(.J2000) = ?I'he.HCSN(J=10—> 9) data towards RW LMi are presented
30°34/18"8. It is also consistent with the best published IR pdD Fig.[L0. The average half-power radius 40 + 0”1 (~
sition (with an uncertainty 08"), a(J2000) = 10"16m0235 2-6 x 10'° cm) using a Gaussian model to fit the data (in the
andd(J2000) = 30°34’1970 (Claussen et al. 1987) The estivelocity interval—1.0 + 2.1 kms™') in the Fourier plane, while
mated half-power radiug”’6 + (07’4, which corresponds to a @ disk brightness distribution results in a radiuss6t + 0”1
linear size of<700 AU, should be considered as an upper limif~ 3-6 x 10'° cm). The expected size dependence on the line-
Neri et al. [1998) obtained a value 0.3 mJy at 112 GHz to- of-sight velocity is clearly seen. However, the brightness maps,
wards RW LMi. In addition, RW LMi has been observed in threEig.[I0d, and the radial brightness profile, Eig. 10k, suggest a
submillimetre bands (264, 394 and 685 GHz) by Marshall et Aixture of normal envelope and shell emission, although we are

(1992). Our data point at 90.7 GHz is consistent with these d&@fely resolving the emission in this case. The emission appears
and a spectral index ¢f(A\) = A—31, stronger towards the SE [as opposed to HEN(J =1—0)

and CN(N =1— 0) emissions, which are strongest towards
) the NE, but in agreement with thHC;N(J =34— 33) and
6.2. SIS HNC(J =1— 0) emissions] and open towards the W [as are the

The SiS(J=5—4) data towards RW LMi are presented ifcN(/V =1— 0) andHNC(J=1— 0) emissions]. As opposed
Fig.[I0a. The average half-power radius, using a Gaussian fulfcthe CN(V =1—0), and, in particular, th&iS(J =5—4)

tion to fit the data (in the velocity intervat1.0 & 2.1kms~1) andHNC(J=1— 0) spectra, the extreme red-shifted emission
in the Fourier plane, i$/3+0"1 (= 8.6 x 105 cm), and the ex- is not markedly stronger in this case, Eig. 10h. The integrated
pected size dependence on the line-of-sight velocity is pres&iectrum, Fid. 10j, suggests optically thin emission. The flux
The emission in the velocity-channel maps are not resolved. T#Nsity of the integrated (from24.1t0 +22.2kms ") line pro-
brightness peaks close to the adopted centre position and filies Fig[10j, is=~97 Jy kms~'. Bujarrabal et al[(1994), using
off rapidly as a function of the projected distance. This is qudPe IRAM 30 m telescope, found a flux densitydéfJy kms~".
itatively consistent with the results towards CW Leo (Bieginghus, we may conclude that the map contains all of the
& Nguyen-Q-Riel 1989; Bieging & Tafalla 1993; Lucas et allCsN(J =10— 9) emission.

1995), suggesting that this molecule is of photospheric origin. Bieging & Nguyen-Q-Rieu [(1989) observed the same
The size of theSiS(J =5— 4) emitting region of RW LMi is HC3N transition towards CW Leo. They concluded thists N

offset (arcsec.)
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Fig. 10a—k. Results for RW LMi.a The UV-plane coverage for tt&iS(J =5 — 4) observationgh Velocity-channel mapéAv ~ 6.3kms™'),
using uniform weighting, of theSiS(J =5— 4) line emission. The pixel size &'5 x 0”5. The coordinates are relative to(J2000) =
10"16™02328 andd(J2000) = 30°34/189. The contours range from0.05 to 0.65 by 0.05 Jy beam™*. The peak value i8.63 Jy beam ™",
and1.0 Jy beam ™! corresponds to a brightness temperature of 15.7 K. The synthesized CLEAN [3¥#wig8” 6 with a position angle of3°.

¢ The UV-plane coverage for tH8C3sN(J = 10— 9) observationdd Velocity-channel maps of thEC3sN(J =10— 9) line emission. The pixel
sizeis0’3 x 0’3. The contours range from0.1t0 1.0 by 0.1 Jy beam ™. The peak value i8.99 Jy beam ™!, and1.0 Jy beam ! corresponds
to a brightness temperature of 15.6 K. The synthesized CLEAN beziffi is 2”6 with a position angle df3°. The rest as in Fig._10k.Velocity
integrated map (frora-24.1t022.2 km s~ 1) of the SiS(J = 5— 4) line emission. The contours range freff.5to 5 by 0.5 Jy beam ~*km s~ 1.
The peak value i5.2 Jy beam ™ 'kms™!. f Velocity integrated map (from-24.11t022.2 kms™ ') of the HC3N(J = 10— 9) line emission. The
contours range from-1.0 to 11.0 by 1.0 Jy beam™'kms~'. The peak value i40.8 Jy beam~'kms™'. g-h InterferometerSiS(J =5 — 4)
and HC3N(J = 10— 9) spectra at the map centfdv ~ 2.1kms™'). ij Integrated (over the maps) interferomefiB(J =5— 4) and
HC3N(J=10— 9) spectra(Av ~ 2.1kms™'). k The radial brightness profiles of t&S(.J =5— 4) (solid line) andHC3N(J =10— 9)
(dashed line) emission close to the systemic velogity.0 + 2.1 kms™).

was produced by two chemical pathways, one occurring closditothe data (in the velocity interva-1.0 + 2.1kms™!) in

the star, and one in the outer envelope. On the other hand, Biteg Fourier plane, igd”4 + 0”9 (= 2.9 x 106 cm), while a

ing & Tafalla (1993), who observed tH8C3N(J=12— 11) disk brightness distribution results in a radius56b + 077

line, showed that a non-zero abundance at the stellar posit{en3.9 x 10'6 cm). The expected size dependence on the line-
was not supported by their analysis. Our data have too low angtsight velocity is clearly seen. The brightness distribution in
lar resolution to allow a firm conclusion about this to be drawthe channel maps, as well as the centre pixel spectrum, indicate a
shell distribution, but there may also be a contribution from nor-
mal envelope emission as is the case forlig; N(J = 10— 9)
emission. The emission seems to be stronger towards the SE.
The HC5N(J = 34— 33) data towards RW LMi are presentedrhe integrated spectrum indicates optically thin emission. The
in Fig.[T1. The half-power radius, using a Gaussian model to

6.4. HC5N
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Fig. 11a—k. Results for RW LMi.a The UV-plane coverage for thHC;N(J = 34— 33) observationsb Velocity-channel mapgAv =
6.3kms™"), using natural weighting, of th&ICsN(J =34— 33) line emission. The pixel size &'5 x 0”'5. The coordinates are relative
to a(J2000) = 10"16™02328 and §(.J2000) = 30°34'18”9. The central LSR velocity of each channel is given in the upper right corner.
The contours range from0.06 to 0.16 by 0.02 Jy beam™'. The peak value i8.16 Jy beam™". 1.0 Jy beam ™" correspond to a brightness
temperature of 9.6 K. The synthesized CLEAN bead i5x 3”7 with a position angle of2°. ¢ The UV-plane coverage for tH@NC(J =1 — 0)
observationdd Velocity-channel maps, using uniform weighting, of Hi&f C(J = 1 — 0) line emission. The pixel size®¥ 3 x 0”'3. The contours
range from—0.05 t0 0.45 by 0.025 Jy beam™'. The peak value i8.46 Jy beam™'. 1.0 Jy beam ™" correspond to a brightness temperature of
15.6 K. The synthesized CLEAN beanBi& x 276 with a position angle of2°. The rest as in Fig._11k.Velocity integrated map (from-24.1
t022.2kms™') of the HC5N(J = 34— 33) line emission. The contours range frem.3 to 1.4 by 0.1 Jy beam ~'kms~!. The peak value is
1.4 Jy beam™'km s, f Velocity integrated map (from-24.1 t0 22.2 km s~ ') of the HNC(J = 1 — 0) line emission. The contours range from
—0.4t02.6 by 0.2 Jy beam ™~ 'kms~!. The peak value i8.6 Jy beam ~'km s ~'. g-h InterferometeHCsN(J = 34— 33) andHNC(J = 1— 0)
spectra at the map centfAv ~ 2.1kms ™). i-j Integrated (over the maps) interferomelt's N(.J = 34— 33) andHNC(J = 1 — 0) spectra
(Av ~ 2.1kms™ ). k The radial brightness profiles of thi&C;N(J = 34— 33) (solid line) andINC(J = 1 — 0) (dashed line) emission close
to the systemic velocity—1.0 + 2.1kms™1).

centre pixel spectrum is much more symmetric than thosetbe angular size oHC;N may be larger than that diC3sN
CN(N =1—0),SiS(J =5—4)andHNC(J =1— 0). The flux even though the emissions are not completely resolved. This is
density of the integrated (from24.1to+22.2kms~!)line pro- consistent with the results of chemical models (Cherchneff et
file, Fig.[TIf, is~12 Jy kms—!. Bujarrabal (private communi- al.[1993; Millar & Herbs 1994).
cation), using the IRAM 30 m telescope, found a flux density
of about14 Jykms~!. Thus, we may conclude that the mapR 5 KNG
contains all of thedC5N(J = 34— 33) emission. h

Lucas & Gulin (1999) presented PdB data towards CW Ledbhe HNC(J = 1— 0) data towards RW LMi are presented in
and showed that the spatial distributionstEB 3N andHCsN  Fig[I1. The average half-power radius, using a Gaussian model
are very similar. However, in the case of RW LMi it seems th& fit the data (in the velocity intervat1.0 + 2.1kms~!) in
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the Fourier plane, i85 4 0”3 (=~ 3.6 x 106 cm), while using

a disk brightness distribution results in a radiusro + 072

(= 5.1 x 106 cm). The expected size dependence on the line-
of-sight velocity is clearly seen. However, neither of these
models represent well the true brightness distribution of the
HNC(J =1— 0) line. The velocity-channel maps suggest aﬁ; 0
incomplete shell distribution. The radial brightness profile (ing
tegrated over the velocity intervall.0 4+ 2.1 km s~!) indicates k)
a shell of radius~ 5”. The width of the shell may be unre-3
solved. The brightness distribution around the systemic Ve|G:G—
ity is strongest towards the SE and open towards the W. The
integrated spectrum is essentially flat, indicating that the emis-
sion is optically thin. The spectrum at the centre pixel is very
asymmetric with a very strong redshifted peak [significantly g
more asymmetric than th€N(N =1— 0) line]. The horns at L ]
the extreme velocities is the characteristic of emission from
an (at least partly) resolved shell. The flux density of the in- | | |
tegrated (from—24.1 to +22.2kms~!) line profile, Fig[Tlb, 1 0 -1
is ~46 Jy kms~'. Bujarrabal et al.[(1994), using the IRAM RA. Offset (arcsec.)

H —1
30m telescope, found a flux density4f Jy kms™". Thus, We  £ig 12 The peak positions in individual channels across the line profile

may Cpnclude that the map contains all of #i¥C(J=1—0) for different molecules observed towards RW LMi (see text for details).
emission.

Lucas & Gulin (1999) presentedINC(J =1— 0) data,
obtained with the PdB, towards CW Leo and concluded that ttien, a(.72000) = 10"16™02:28 andd(.J2000) = 30°34/18”9.
emission was less extended than @¢€(/N =1 — 0) emission, The effect is more prominent for the extended emissions. The
but larger than e.g. the emissionstB€3N andHC;N. This is  position offsets are rather small at the extreme velocities, butin-
also the case for our data even though the brightness distributioease systematically towards the systemic velocity where the
deviates from spherical symmetry. offset is largest. It seems that the most reasonable explanation
for this is a large-scale asymmetry in the CSE. We note that
asymmetries are also seen in optical data. RW LMi has been
observed with the Hubble Space Telescope and we have ex-
For some of the emissions towards RW LMi we have fourtdacted WFPC2 images from the HST data archive. The images
that the position of the peak brightness changes systematicadlyeal interesting structure, e.g., the F675W filter show two ob-
across the line profile. Thisis particularly true for HCNE 1 —  jects separated by aboiit25 whereas only one object is seen
0), HNC(/=1—0), HC3N(J=10—9) and to some extentin the F439W filter.
SiS(/=5—4), Fig[T2. ForCN(N =1—0) it is difficult to
obtain a reliable estimate of the position offsets around the )
systemic velocity due to the complicated brightness distribfi: €onclusions

tion, and theHC;N(J = 34— 33) emission is too weak. Fig.12\xe have used the IRAM interferometer on Plateau de Bure to ob-
shows the result of the fitting process, i.e., the position offseisrve four carbon stars (W Ori, RW LMi, Y CVn, and LP And)in

in « andd (arc seconds) of the model source (a circular Gaugre HON(.J = 1— 0) line, and three of them (RW LMi, Y CVn,
sian source) from the phase reference centre. In this caseghg Lp And) also in th&N(N =1— 0) line. In addition, we
offset is with respect to the continuum position (see abov@aye obtained line brightness distributions of SiSG— 4),
which we have adopted as the centre position for all RW LM-iNC(J: 1— 0), HG;N(J =10— 9), and HGN(J = 34— 33)
data. Each emissionis represented with different line Styles (mards the h|gh mass loss rate carbon star RW LMi. This sam-
upper right corner) and the points represent the position gfffe of stars spans about two orders of magnitude in the mass loss
set for the different velocity-channels starting-ait5.7kms ™" rate. The HCN brightness distributions peak (within the errors)
(this corresponds to channel 5 in our data). We have markgglthe stellar positions, suggesting a photospheric origin for this
the velocity-channels for all emissions and all channel numolecule. The expected structure of a hollow CN brightness dis-
bers are given for HCN (from 5 to 19). The systemic velocittibution outside that of the HCN emitting region is also seen
occurs at channel 12 for all emissions. It is clear that the(rRW LMi and LP And), supporting theoretical models which
is a small offset between the position of t8&5(/=5—4) suggest that circumstellar CN is a photodissociation product of
emission, which also originates relatively closely to the sta4CN. These results are further strengthened by detailed mod-
and the continuum position. The position, at the systemic Vgting of the interferometer and multi-transition single-dish data,
locity, for SiS(J =5 4) is a(J2000) = 10"16™02:33 and which gives results qualitatively, and in most cases also quanti-
6(.J2000) = 30°34'19”1 compared to the adopted centre posigtively, consistent with a simple photodissociation model. The

FSiS 7
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6.6. Brightness peak position
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most notable discrepancy is the low CN/HCN peak abundar@garrabal V., Fuente A., Omont A., 1994, A&A 285, 247
ratios obtained for those objects with the best observational c@alstrom J.E., Welch W.J., Goldsmith P.F,, Lis D.C., 1990, AJ 100,
straints. These are lower by at least a factor of two compared to 213
the results of also more elaborate chemical models. Cherchneff 1., Glassgold A.E., 1993, ApJ 419, L41
We find it difficult to reproduce the observed HCM 1— Cherchneff I., Glassgold A.E., Mamon G.A., 1993, ApJ 410, 188

0) lines for the low mass loss rate objects. Even though ﬂ%ausssssen M.J., Kleinmann S.G., Joyce R.R., Jura M., 1987, ApJS 65,
transition is inverted in the model, the effect is not large enoug}f(])hen M., Hitchon K., 1096, AJ 111, 962

tp explain the gtrength of the observ_ed, apparently masiBgyal A., Bieging J.H., 1993, ApJ 407, L37

lines. For the high mass loss rate objects the mterferome@g_{ym A., Bieging J.H., 1995, ApJ 439, 996

HCN(J=1—0) lines are too weak in the model. We ascribgan pishoeck E. F., 1988, In: Millar T.J., Wiliams D.A. (eds.) Rate
this to a too crude treatment of the radiative excitation in the in- Coefficients in Astrochemistry. Kluwer, Dordrecht, p. 49

ner regions of the CSEs, and to a lack of knowledge of the dévsty S.D., Leung C.M., 1998, ApJ 502, 898

sity structure and kinematics in this region. The UV-coveragéskasaku S., Hirahara Y., Masuda A., et al., 1994, ApJ 437, 410

of our observations are limited, but it appears that the brigléiensheimer P.D., Likkel L., Snyder L., 1995, ApJ 439, 445

ness distributions are genuinely patchy, suggesting a clunfpfssgold A.E., Lucas R., Omont A., 1986, A&A 157, 35
circumstellar medium. Green S., Thaddeus P., 1974, ApJ 191, 653

In general, we find it difficult to fit the CO, HCN, and CNGroenewegen M.A.T., Whitelock P.A., 1996, MNRAS 281, 1347

data towards RW LMi, and we suspect that this CSE departs sﬁ;dpigg‘ge&?\lnR'\Aﬂ'sA'zgé V\llg'temk P.A., Smith C.H., Kerschbaum F.,

nificantly from our assumptions of spherical symmetry and/%ruélin M. Lucas R.. Cernicharo J.. 1993. A&A 280. L19
constant mass loss rate with time. Both the HEN(L — 0)and 5 jin M. Lucas R.. Neri R.. 1997 In: 1AU Symp. No. 170 b. 359

CN(V =1— 0) data suggest an elongated structure with a maj@jilioteau S., Omont A., Lucas R., 1987, A&A 173, 324

axis along the position angke—25°. All emissions that have guilloteau S., Delannoy J., Downes D., 1992, A&A 262, 624

a shell component are clearly weaker towards the west. Theénkel C., Matthews H.E., Morris M., Terebey S., Fich M., 1985, A&A
HCN(J=1—0) and CN(V=1— 0) emissions are strongest 147,143

in the north-east, while, the HNCE 1— 0), HG;N(J =10—  Huggins P.J., Glassgold A.E., 1982, ApJ 252, 201

9), and HGN(J =34— 33) emissions are strongest towardgumiura H., 1990, Ph.D. Thesis, Tokyo University

the south-east. The peak position of tRECN(J=1-0), l|zumiuraH., UkitaN., Tsuji T., 1995, ApJ 440, 728

HNC(J =1—0), andHC5N(J = 10— 9) brightnesses VarieslzumluraH., Hashimoto O., KawaraK., Yamamural., Waters L.B.F.M.,
systematically with the velocity, most likely an effect of a large- 1996, A&A 315, L221

. ...~ Jewell P.R., Snyder L.E., 1982, ApJ 255, L69
scale asymmetry in the CSE. The SIS{(5— 4) emission is Jura M., Morris M., 1981, ApJ 251, 181

clearly confined to rgglons C!Ose to the star. The 3% — 4) Kahane C., Gomez-Gonzalez J., Cernicharo X|iGM., 1988, A&A
and HNC{/ =1— 0) line profiles [and to a lesser extent thatof = 199 167
CN(N =1—0)] are very asymmetric with the redshifted sid@erschbaum F., 1999, AGA 351, 627
being much stronger than the blueshifted side. A much more ggjke C., Hasegawa H., Manabe, A., 1980, Ap&SS 67, 495
tailed study is required to understand the structure of the CS&mbert D.L., Gustafsson B., Eriksson K., Hinkle K.H., 1986, ApJS
around RW LMi. 62, 373
Lucas R., Gdlin M., 1999, In: Le Bertre T., Ebre A., Waelkens C.
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