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ABSTRACT

Context. During the transition from the AGB to the planetary nebuldage the circumstellar envelopes of most of low and inter-
mediate mass stars experience a dramatic change in mogyh@®&L 618 is an object that exhibits characteristics ohbaEB and
post-AGB star. It also displays a spectacular array of biplabes with a dense equatorial region, which makes it aallext object

to study the development of asymmetries in evolved stathdmecent decades, an elliptical compact Hll region latatehe center

of the nebula has been seen to be increasing in size and flisxs@&ms to be due to the ionization of the circumstellarlepecby

the central star, and it would be indicating the beginninthefplanetary nebula phase for CRL 618.

Aims. To determine the physical conditions under which the onftiteoionization the circumstellar envelope of CRL 618 totdce
and the subsequent propagation of the ionization front.

Methods. We analyzed interferometric radio continuum data & and 22 GHz from observations carried out at seven epochs wit
the VLA. We traced the increase of the flux of the ionized ragiwer a period ot 26 years. We measured the dimensions of the
HIl region directly from the brightness distribution imag® determine the increase of its size over time. For oneeépochs we
analyzed observations at six frequencies from which wenegéid the electron density distribution. We carried out ehaélculations

of the spectral energy distribution at twdfdrent epochs to corroborate our observational results.

Results. We found that the radio continuum flux and the size of the iediizzgion have been increasing monotonically in the last
three decades. The size of the major axis of the HII regionvste dependance with frequency, which has been interpreted a
result of a gradient of the electron density in this directi@he growth of the HIl region is due to the expansion of arzied wind
whose mass-loss rate increased continuously for a periedl6 years until a few decades ago, when the mass-loss ragenged

a sudden decline. Our results indicate that the beginnirtgeofonization of the circumstellar envelope began arouidl1which
marks the start of the planetary nebula phase of CRL 618.

Key words. Stars: AGB and post-AGB — Stars: late-type — Stars: mass-loss — Stars: winds, outflows — (ISM:) HIl regions — (ISM:)
planetary nebulae: individual: (CRL 618)

1. Introduction most of the literature it is classified as a carbon-rich Ep&PN
that is rapidly evolving toward the PN stage.

) The transition from the Asymptotic Giant Branch (AGB) to the  1he first optical images of this source showed a pair of small
~! Planetary Nebula (PN) phase has long been known to be mulqanes lying along the east-west dlfectlon. Theam‘o_l

> of the briefest in stellar evolution. As a consequence, thran €Mission was found to be located in the middle of the two Visua
"=~ ber of Galactic objects in this transitionary stage (theatted Nnebulosities (Westbrook et al. 1975). Gottlieb & Liller ()
post-AGB stars andr pre-planetary nebulae —PPNe) is smalfliscovered that thB-magnitude of the nebulosities of CRL 618

g and our understanding of the physical processes involvékin increased from 18.8 to 16.5 in the period from 1940 to 1975.
transition remains limited. It has been observed that dutiis 1 he first detection of radio continuum toward this source was

transition the circumstellar envelopes (CSEs) of the AGBsst "eported by Wynn-Williams (1977) who detected emission at 5
experience their most dramatic change in morphology. Thefd 15 GHz. Subsequently, Kwok & Feldman (1981) discovered
fore, it is important to characterize the physical condisipas that CRL 618 was also exhibiting a b_rlghtenlng_ at radio wave-
well as the main physical mechanisms, that predominatelguriengths- These authors showed that in the period from 1977 to

the PPN phase to understand the complex shapes and steucthf€0 the emission at cm wavelengths increased by a factor of 2
that are seen in PNe. They attributed the rise of the radio flux to the expansiorhef t

ionized region, as a consequence of the increase of the tampe
A unique opportunity to study this rapid transition is proture of the central star.

vided by the object CRL 618 (Westbrook Nebula, GL 618, High angular resolution images obtained with the Hubble

(R)AFGL 618, IRAS 043953601). This source was discovere@pace Telescope revealed that the morphology of the optical

in the infrared sky survey of Walker & Price (1975). Westlkooemission of CRL 618 is dominated by a complex of colli-

et al. (1975) studied this object thoroughly and suggesiethe mated bipolar lobes extending along the E-W direction (Fram

first time that it may be a nascent planetary nebula. Cugrgntl mell 2000). These structures are composed of shock-exgéded
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with outflow velocities up to 200 km™8, inclined by 30- 45° 1991; Schmidt & Cohen 1981; Knapp et al. 1993; Sanchez-
from the plane of the sky (Calvet & Cohen 1978; Cernicharo €ontreras et al. 2004b). The value that has been used most re-
al. 1989; Neri et al. 1992; Cernicharo et al. 2001; Sanchezntly in the literature is that obtained by Goodrich et 4891),
Contreras et al. 2002, 2004a,b; Pardo et al. 2005). In the cén = 0.9 kpc. We will assume this value for the distance of
ter of the complex of lobes lies a compact HIl region whogeRL 618 throughout this article, unless stated otherwise.
ionization is maintained by a BOV star with a temperature of

~ 27000- 32000 K, a mass of 0.8 M, and a luminosity of ]

~1-4x10*L, (Westbrook et al. 1975; Calvet & Cohen 19782. Observations and Results

Kaler et al. 1978; Schmidt & Cohen 1981; Kwok & Bignell, orqer to investigate the evolution of the structure of ke

1984; Goodrich et al. 1991; Knapp etal. 1993). The _SpeCtr%bion in CRL 618, we have analyzed seven Very Large Ar-
of this region is diferent from that of the lobes, indicating thaf,y (| A) observations collected in the years 1982, 1983019
the gas is completely photoionized with an electronic dgnsh g9> 1995, 1998 and 2007. Al of these data sets includerobse
ne ~ 10° - 10" cnr. The expansion velocity of the gas in thig aiions at the same wavelength (1.3 cm) and in the same config-
region seems to besy ~ 30 km s, much slower than that of |, 4tion () of the array. Therefore they can be directly caneg
the shocked lobes (Sanchez-Contreras et al. 2002). _to one another to derive the evolution of the size and flux ef th
In this article, we will concentrate on the central HIl regio go,rce at this specific wavelengih< 22 GHz). In addition, the
of CRL 618. Interferometric radio images of this region @eel 15 optained in 1983 includes observations at 5 GHz ane thos
that the radio emission has a more or less elliptical brigésn gptained in 1998 included observations at six frequencylban
distribution whose size was found to be abolil®x 0736 at The gata calibration and the imaging were made using the AIPS
~ 22 GHz (Kwok & Bignell 1984). While the major axis (Eastackage of the NRAB After the initial calibration, using ex-
West direction) of the ionized region increases as a funaio tragalactic compact sources as calibrators, we perforrhadep
the observation wavelength, the minor axis (N-S directi@s) set_calibration to all the data sets. Subsequently clezages
mains constant. This indicates that the HIl region is ioE®  f the source were obtained using natural weighting (ropast
bound in the North-South direction, suggesting an enhaBoémgmeter= 5 in the task IMAGR of AIPS). The main parameters
of the neutral material in this direction, WhICh’IS consig®ith  f the calibration and the resulting images are given in sl
the presence of a dense molecular torus (Sanchez-Confterag,q 3. The typical size of the synthesized beam at 22 GHz was
Sahai 2004; Sanchez-Contreras et al. 2004). As mentiong§t) thys we adopted this size as a common value for the cir-
above, the radio continuum exhibited a considerable iseréd ¢ jar clean beam used during the reconstruction of the image
flux since it was detected for the first time until around thd eny;g frequency of all the epochs. The flux density was measure
of 1980. Subsequent observations reported that the emiasioy,y jntegrating the emission within a box that contained thele
cm wavelengths showed no significant increase (MartinaBt ¢g\,rce. Since the morphology of this source is rather siyse
etal. 1983;_1993; 199_5)-_ _ measured its size by fitting a two-dimensional gaussian inode
The millimeter emission of the compact HIl region has als@ the emission (we verified that our main results and conclu-
been found to be changing its flux with time (Martin-Pintatlo €jons are not@ected by adopting derent fitting models to our
al. 1988; Walmsley etal. 1991; Knapp et al. 1993). HoweVer, tqata). The results from the fits are shown in Tables 4 and 6. For
exact nature and significance of that rise of the flux remains ach observation we followed a somewhafatient calibration

clear. Martin-Pintado et al. (1988) suggested that the rofv  strategy, so we will now describe in some detail the calibrat
the mm emission that they observed could be explained irstergocedures followed for each one.

of an ionized wind whose mass-loss rate has been increasing i
the last decades. However, a recent decrease in the mm-contin _
uum flux suggests that the mass-loss rate has slowed dowa inZH. 1982 observation

pfabst few yej‘rﬁ‘ These guthprs Imodeled the. spzeagtral enlergyflhe first observations were carried out on 1982, June 24 fepoc
tribution and the recombination lines, assuming‘apower-law 1982.48) and they were first reported by Kwok & Bignell (1984)
for the electron density. From the radio recombination éngs- _project code: BIGN. The correlator was setup to the contin-

sion they derived an electron temperature for the iopizesti@a uum mode with a total bandwidth of 50 MHz. The observations
Te ~ 13000 K. The value for the electron density in the cern,gisteq of one single scan on 3C 48 (04329 —used as flux

ter of theiHII region that f|tte_d their dfita best was on the Drd@alibrator), 3C 119 (used as phase calibrator), and CRL&18,

of 10" cm™®, and the expansion velocity of the ionized gas W%?)ectively. The total observation time on the target souwas
found to be- 20 km s, 30 minutes. The flux scale was determined by assuming a flux

_In this work, we present the results of analyzing radio COfgsity of 1.27 Jy for 3C 48. The bootstrapped flux densithef t
tinuum .observlatlons spanning more th?” 25 years. We shdgw se calibrator was 0.970.04 Jy. The flux density of CRL 618
the radio continuum emission has continued its rise sins@st 5 fond to be 208 11 mJy. Kwok & Bignell (1984) did not
discovered, and reveal for the first time the evolution oféke explicitly quote an integrated flux, but mentioned that theof
pansion of the HIl region by directly measuring the change gjj ciean components in theirimage was 244 mJy. Therefore

its size over time. The details of the observations and dalta C%ur value is in good agreement with the previous measurement
ibration and reduction are presented in 82 of this paper. The

measurements obtained from the data are reported in 83. In 84
we derive the physical parameters in the compact HIl regith a2.2. 1983 observation

interpret our results. In 85 we discuss the implications wf o :
results for the nature of CRL 618 and the possible scendrais tThe daia of the secand observation that we analyzed was ob-

could explain our observations. Finally in §6 we presentthe tained on 1983, October 9 (epoch 1983.77), and it has not been

clusions of this work. _ ~ ! The National Radio Astronomy Observatory is a facility of tha-
The distance to CRL 618 remains somewhat uncertain, witbnal Science Foundation operated under cooperativeaget by As-
quoted values varying between 0.9 and 1.8 kpc (Goodrich etsadciated Universities, Inc.
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Table 1. Flux densities for 3C 84 in the year 1990 the continuum observations obtained in 1982 (Sect. 2.1yeNe
theless, the noise level achieved is somewhat better ing8@ 1
Date of observation v (GHz) S, (Jy) Project  than in the 1982 observations because the integration tiase w
15February 1990 ... 22.2851 34.1®.55 AR416 significantly longer~ 2.5 hours (Tab. 2). Several iterations of
22.2320 33.640.70 phase self-calibration were applied to the data to impréwee t
17 February 1990 ... 22.2851 34.38.60 AR216 quality of the phase calibration. The size of the emittingioa
22.2320 34.71% 0.86 is found to be 038 x 0713 comparable to the values reported
04 March 1990 ....... 22.2851 36.60.30 AR216 py Martin-Pintado et al. (1993) /@0 x 0712. The total flux is
22.2305 36.3& 0.68 found to be 293+ 15 mJy, significantly larger than the value of
12 April 1990 ....... 22.4851 38.422.25 TTO01 189+ 20 mJy reported by Martin-Pintado et al. (1993). This, of
22.4351 38.3k2.24 course, largely reflects theftirence in absolute flux calibration

related to the updated flux density of 3C 84.

published before (project AKO094). The observations weirged

in continuum mode at frequencies 5 and 22 GHz with fiece  2.4. 1992 observation

tive bandwidth of 100 MHz. We performed calibration of the ) )

data at the two frequencies. The main flux calibrator was 3 28he fourth observation was obtained on 1992, December 22
(1328+307) and the phase calibrator was JO4P80 for the ob- (EPoch 1992.98), and corresponds to the data published by
servations at both frequencies. The total observationdimine Martin-Pintado et al. (1995) —project code: AM337. Since th
target source at 22 GHz wast5 minutes, whereas the obserPrimary goal of that observation was the study of the;{&:B)
vation at 5 GHz lasted only one integration time of 10 second&nsition, the observations were obtained in spectralevaid
The flux densities of the phase calibrator and the targetcsouf® frequencyry = 23872 GHz. To produce a continuum
were scaled assuming that the flux density of 3C 286 is 7.5 dA9€, We averagl]ed 20 line-free channels corresponding to
2.57 Jy at 5 and 22 GHz, respectively. The bootstrapped flux'epr = —20 km s (the spectra shown by Martin-Pintado &
the source JO40260 was 1.15 0.01 Jy, and 0.6& 0.02 Jy at Bachiller 1992 clearly show that no absorption is present at

5 and 22 GHz, respectively. For the observation at 22 GHeg affhose velocities). This resulted in a bandwidth of about 42vIH
the initial calibration, we performed self-calibrationtb data h€ observations consisted of scans on CRL 618, interleaved

using a model-image from the previous epoch (1982.48). ~ With scans on the calibrators JO35809 and 3C 84 for phase-
calibration purposes. The total observation time on thgetar
source was 2.75 hours. One scan on the calibrator 3C 48 was
2.3. 1990 observation done at the end of the observations. Martin-Pintado et 895)L
used 3C 84 as amplitude calibrator assuming a flux at 1.3 cm
5&328 Jy. The calibrator 3C 84 is known to have a structure

L ) . t departs significantly from a point sourcevat 22 GHz.
Mart_m-Pmtado et ‘."‘l' (.1993)' The project was deS|gneq io IBesides, as mentioned above, this calibrator is also known t
vestigate the distribution of ammonia in the su_rroundmgs e variable. Because of these reasons, we calibrated the am-
CRL 618, so the data were collected in spectral line mode. ’

: ; g ftudes instead using the calibrator 3C 48, for which the flu
frequency of observation was that of the 32,2) inversion line density was assumed to be 1.2 Jy. We note that the bootstrappe

at23.72 GHz. In the original data, th_e quasar 3C 84 (6313) ux of 3C 84 obtained using 3C 48 as primary flux calibrator is
was used both as phase and flux calibrator (with an assumed W6+ 0.5 Jy, which is sightly smaller than the value assumed

at 22 GHz of 28 Jy). However, 3C 84 is now known to be var, ‘1o tin-Pintado (1995). The bootstra
. - . pped flux of 08568
able. To estimate the flux of 3C 84 at the epoch of the CRL 6 s 3.1 Jy. After a few self-calibration iterations, we dixal

observations, we searched the VLA archive for observing ses, ima ; : -

X X - ; ) ge of CRL 618 from which we obtained its parameters.
smgs In Fedbruda]rly, MaT%h’ and April t990,£j which both 3C 84 integrated flux is 36% 9 mJy, which is significantly larger
and a standard flux calibrator were observedlatl.3 cm. Four ., e yajue reported by Martin-Pintado et al. (1995;220

such sessions were found (Tab. 1), and were calibratedvioigp .
standard procedures. The flux of 3C 84 obtained from these Jy; even though they assumed a larger value for the flux of

The third observation was obtained as part of the project 8/2
on March 29, 1990 (epoch 1990.24), and was published

monitored the 22 GHz flux of 3C 84 between January 1986 agd “r value is consistent with the monotonic increasiend

June 1990. For the period February-April 1990, they re[nbrt@nat the flux has followed during the last decades, whichde al

fluxes of about 38 Jy, in excellent agreement with the valugse, from the data at 5 GHz. This indicates that the value ob-
found here from the VLA data. Th? flux of 3C 8.4 appropriate fc{E\ined by Martin-Pintado et al. (1995) waezted in the cali-
the date of the CRL 618 observations was estimated by interpo-iion process.

lating the last two observationsin Tab. 2 to be 37.7 Jy. Nuwdé t
this is 35% higher than the flux assumed by Martin-Pintado et

al. (1993). The spectral line data were processed usingatdn 2 5 1995 observation

AIPS procedures, including bandpass calibration. Theraknt

channels (at-80 km s < visg < —25 km s?) show signif- The fifth observation was obtained in 1995, August 3 (epoch
icant absorption by Nki(see also Martin-Pintado & Bachiller1995.59) as part of the project AM0486. These data have not
1992, Martin-Pintado et al. 1993, 1995). However, no sueh aiieen published before. The observations were done in spectr
sorption is seen at\¢g > —20 km s!. Thus, we averaged 17line mode with a bandwidth of 6 MHz centered at the fre-
absorption-free channels atsy > —20 km s to produce a quencyv = 22693 GHz. Since we did not find line emission
pseudo-continuum data set with an equivalent bandwidth&®f @&cross this bandwidth, we averaged the default channekrang
MHz. This is significantly less than the 50 MHz bandwidth ofi.e. the center 75%) to produce the continuum data set. The
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Table 2. Parameters of the calibration of the observations at 22 GHz

Date of observation Flux calibrator S,  Phase calibrator S,2 rms Nois¢&’ Beanf
(year) (name) (Jy) (name) Jy)  (Jy bedin (", °)
24 June 1982 ......... 3C48 ....... 1.27 3C119........ 0.97.0x10°* 0.11x0.09,-57
9 October 1983 ....... 3C286 ...... 2.57 JO4RB80.... 0.68 1.210°3 0.10x0.08,-71
29 March1990 ....... 3C84 ....... 377 3C84......... 37.7 .5x60 0.13x0.09,-69
22 December 1992 ... 3C48 ....... 12 3C84......... 26.6 x®|86 0.09<0.08,-42
J0359-509 3.1 5.&10* 0.09<0.08,-42
3 August 1995 ....... 3C286....... 255 3C84......... 19.4.0x10°3 0.11x0.10,-28
2May 1998 .......... J0443441 . 0.35 J044833441... 0.35 4010 0.14x0.10,-79
9July 2007 .......... 3C48 ....... 1.27 J04188015 5.2 1.810% 0.12<0.09,-81

@) Assumed value for the primary flux calibraté¥.Bootstrapped flux obtained using the AIPS task GET)Yms noise in the
image of the target source made with natural-robust weigtif) Size and position angle of the synthesized beam using
natural-robust weighting.

Table 3. Parameters of the calibration of the observation on epo6B.33

Frequency FlufPhase calibrator S,* rms> Beant
(GHz) (name) (Jy) (Jy beam) (7, °)
1.43 J04433441 0.70 5.210° 2.0x1.6,-66
4.89 J04433441 0.93 3.510° 0.63x0.52,-72
8.44 J04433441 0.74 4.%10°° 0.34x0.28,-71
14.96 J04433441 0.50 1.%10* 0.20<0.16,-77
22.49 J04433441 0.3% 3.9x10* 0.14x0.10,-79
43.31 J04433441 0.20 3.%10% 0.046<0.043, 30

(@) Assumed value for the primary flux calibrator, obtained fritva NRAO VLA calibrators webpag€) Interpolated value from
the SED of the flux calibratof®) rms noise in the image of the target source made with naturalsioieighting® Size and
position angle of the synthesized beam using natural-tateighting.

Table 4. Parameters of CRL 618 a2 GHz

Epoch  Frequency S, Minor axis Major Axis P. A
year GHz mJy arcsec arcsec degrees

1982.48 22.485 205811 0.1030.009 0.3330.015 831
1983.77 22.485 2B  0.115:0.012 0.3020.019 88&2
1990.24 23.722 30016 0.1330.006 0.3830.013 8k1
1992.98 23.872 368  0.146:0.004 0.4140.009 821
1995.59 22.693 4410 0.15@:0.010 0.4580.022 821
1998.33 22.485 411 0.161%0.007 0.4550.014 821
2007.52 22.485 5110 0.1850.001 0.4990.002 831

primary flux and phase calibrators were 3C 286 and 3C 84, #&t, whereas the subarray A2 was used to carry out obsergation
spectively. The assumed flux density for the primary flux-calat v = 1.4, 5, 15 and 22 GHz. We calibrated the data at
brator was 2.55 Jy and the bootstrapped flux for the phase ¢hk six diferent frequencies. The details of the calibration
ibrator was 19.4+ 0.5 Jy. The total observation time on theat the diferent frequencies are shown in Table 3. After the
target source was 1.2 hours. The data was initially calibratednitial calibration, all the data corresponding to CRL 618sw
using the quasars and subsequently the target source vias self-calibrated in phase.

calibrated in phase.

2.6. 1998 observation 2.7. 2007 observation

The data corresponding to the sixth observation was oltainehe data from the last observation that we analyzed was
in 1998, May 2 (epoch 1998.33) as part of the project AW048btained on 2007, July 9 (epoch 2007.52) in continuum mode
These data have not been published before. The observatieite 100 MHz of equivalent bandwidth (project code: AL698).
were done in continuum mode with a total bandwidth ofhese observations were carried out using the fast-swichi
100 MHz. The array was split into two subarrays: VLA-A1 antkchnique, which consists of rapidly alternating obseéovest of
VLA-A2, with 12 and 15 antennas, respectively. The subarrélye source and the phase calibrator (JOBH)) with a cycle

Al included the antennas at the tips of the arms of the arréiype of 2 minutes. The total observation time on the target
therefore it contained the longest baselines. Obsenatidn source was~ 35 minutes. The primary flux calibrator was
CRL 618 aty = 8 and 43 GHz were made using the subarrs88C 48 whose flux was assumed to be 1.27 Jy. The bootstrapped
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Table 5. Flux of CRL 618 at~5 GHz

Epoch Frequency S, Telescope

year GHz mJy

1974.0 5.00 &3  Cambridge 5-krh
1978.2 4.80 142 Effelsberg 100rh
1980.2 4.89 1420.5 ...NRAO-VLA®
1981.8 4.89 1620.1 ... NRAO-VLA?
1982.5 4.89 171 ... NRAO-VLA®
1983.8 4.89 1891.8 ...NRAO-VLA®
1986.5 4.89 1841.8 ... NRAO-VLA/
1991.0 4.89 263 ... NRAO-VLA®
1998.3 4.89 332 ... NRAO-VLA®

@ Wynn-Williams (1977)? Mross, Weinberger, & Hartl (19819 Kwok & Feldman (1981" Spergel, Giuliani, & Knapp
(1983)® Kwok & Bignell (1984)® This work(” Zijlstra, Pottasch & Bignell (1989 Knapp et al. (1995)

i r—— 7T T ,J_ [ L L e e e e "J_
500 v~22 GHz P OF s GHy P
Fo S,=25.4(t - 1971)*® I f F S,=2.7(t - 1971)°% } -
400 3. . 30k I i
5t e 15 L '
) i e 1 .
g 300 _— /i —_ E | ,,//
E : /’,/ E E 20 __ I,’I -
= 200 33 1 = ¢t P
L /// : r I,I
: 1 10f )
100 ] i {
0 L A A M P |- 0-— | 'I. T T M R l-
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
Time (year) Time (year)

Fig. 1. Increase of the flux density of CRL 618 at 22 GHz (left panel} BriGHz (right panel) as a function of time. The dashed lindés t
result of a simultaneous power-law fit to the data of the flud2aGHz and 5 GHz, and the size of the source at 22 GHz (FigufEh#&) numerical
expressions of the fits are also shown in the panels. We sstatteng time of the ionization as a common parameter of th{ede main text).

flux of the phase calibrator was 5:20.1 Jy. At the time of the the flux at 5 GHz in two epochs to which we added the values of
observations, about half of the VLA antennas had already beseven more epochs collected from the literature. The eaudt
upgraded to EVLA status. presented in Tables 4 and 5; in Figure 1 we have plotted theval
of the flux at~ 22 and~ 5 GHz as a function of time, respec-
tively. Since the frequency of the observation was not dyxact
the same for all the epochs (see Table 4), we scaled the v@lues
3. The evolution of the radio continuum of CRL 618  the flux to a common frequency (22.485 and 4.885 GHz, respec-

. : ively) for all the epochs, assuming that the spectral irftlesxnot
Observations over the last decades have revealed that tike eméanged considerably (see §4). From this figure we see that th

sion of CRL 618 at mm and cm wavelengths exhibits chan : :
over time (Kwok & Feldman 1981; Kwok & Bignell 1984?%&)( at both frequencies has increased by a factor of more than

Martin-Pintado et al. 1995; Knapp et al. 1995 Sénche%o’ since the first observations. The rise of the flux has been

Contreras et al. 2004 and references therein). Partigulkarl foughly linear with time, however, in order to also accoot f

- the growth of the size as a function of time, we have preformed
cm wavelengths the emission shows a more or less monotohit

increase trend. Because the spectral indedefined as, « v°, a simultaneous power-law fit (seg bellow) in Wh|_ch we .have set
of the radio continuum emission is very close to the val@gthe as a common parameter the starting time of the ionization.
increase of the flux has been explained in terms of an expgndin Even though images of this source at radio frequencies have
optically thick ionized region. Knapp et al. (1995) presehét been obtained and presented in previous works, so far tingeha
plot showing the increase of the radio continuum flux &GHz of the size has been inferred only from the increase of the flux
using data collected from 1974 until 1991; they extrapaldte and assuming that all the emission is optically thick (Kwok &
value of the time that corresponds to flux equal zero and esteldman 1981; Spergel et al. 1983; Knapp et al. 1995). In this
mated that the ionization of the source began in about 1965. work we characterize the evolution of the size of ionizedaeg
From our analysis we have obtained measurements of thedirectly measuring the change of the brightness diginhu
flux density of CR 618 at 22 GHz at seven epochs ranging frdnom the images. Because the morphology of the source is not
1982 until 2007 (see 82). Additionally, we obtained the ealaof too complex at radio wavelengths, we have measured its gize b
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L g2 From this results we notice that the increase of the flux ippro
[ -—-- Omaj =0.13 (¢ - 1971)*4 I i”// ] tional to the increase of the area of the source, i.e. therexqo
=" Gmin = 0.03 (£ — 1971)°3 $- - ] of the power-law fit of the flux is, within the errors, the sum of
g 1 the exponents of the power-law fits of the minor and major axes
- {  This result indicates that indeed the rise of radio contmusi
) 2 1 mainly due to the expansion of the projected area of the alptic
1 thick ionized region. The rate of expansion of the major #xis
‘ 1 larger than that of the minor axis by a factor of nearly twa;-cu
/ 1 rently being 4.7 1.1 and 2.3+ 0.6 mas yt?, respectively. If we
/ -+-"] consider a distance to the souf@e= 900 pc and an inclination
/ =¥ 1 of the major axis with respect to the plane of the sky-025°
gy 1 (Sanchez-Contreras et al. 2002), the measured expans$&m ra
P { translate into deprojected linear velocities of23 and 10+ 2
e 1 km s for the major and minor axes, respectively. The fit gives
a year for the beginning of the ionization about 1971, whgh i
more recent that previously considered in other works.
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Fig. 2. Increase of the size of CRL 618 at 22 GHz as a function of time.
The dashed and dot-dashed lines are the fits to the major ad anies, In previous works the spectral index of the radio continuum
respectively. The fit was obtained by performing a simultaisepower- emission at cm wavelengths of CRL 618 has been considered
law fit to the data of the flux at 22 GHz and 5 GHz (see Figure 19, ato bea = +2, or very close to this value (e. g. Kwok & Bignell
the size of the source at 22 GHz. The numerical expressiotigdfts 1984). This implies that the emitting ionized region has & un
are also shown. We set the starting time of the ionization@s®@mon  form electron density distribution. Given that the flux ofsth
parameter of the fit (see main text). source evolves with time, one cannot directly compare tha-me
surements of the flux of one epoch with another. Thus, so ér th

fitting an elliptical gaussian model to its brightness dtisttion. 0nly reliable value of the spectral index of the radio enaisof
From the fit we obtained the values of the major and minor axéis source is that derived from the measurements at three-wa
and the position angle of the major axis; the results areepted lengths obtained in quasi-simultaneous observations byk&

in Table 4. In Figure 2 we plotted the increase with time of tHaignell (1984). Martin-Pintado et al. (1988) performed adit
size of the ionized region of CRL 618 at= 22 GHz, using the spectral energy distribution from cm wavelengths upto m
the data from our elliptical gaussian fit to the images; the iWavelengths. These authors concluded that the emissidd cou
verted triangles correspond to the major axis whereas thiesi NOt correspond to a Hil region with uniform electron density
correspond to the minor axis of the source. In the same fadiey suggested that the electron density should follow aepow
ion as the flux, the size of the source has been experiencing¥ distribution of the form a= Ar~?, which results in a spec-
monotonic increase. We note that the major axis of the epdédl indexa < +2. Indeed, a power-law fit to the data of Kwok

1983.77 is slightly smaller than that of the previous epbciy- & Bignell (1984) gives a spectral index= +1.71+ 0.01.
ever, the level of noise of the phases in the visibilitiestef t ~ Among the data that we have analyzed in this work, there are

epoch 1983.77 was significantly higher, resulting in a lacge s!mu_ltaneous observz;tions of the radio continuum of CRL&18 _
certainty in the determination of the size. A linear fit to tige ~ Six different frequencies (see §2). We measured the flux density
as a function of time yields a zero-flux-time which corresgmn of the source at each frequency. Additionally, for eachdeztgy

to the beginning of the ionization, thatfitirs by more than 30 We fitted an elliptical gaussian model to the brightnessiist
years with respect to that obtained by performing the same tyfion to measure the major and minor axes, as well as the positi
of fit to the data of the flux shown in Figure 1. This discrepand@ngle of the major axis of the emitting region; the resulespae-

is significant, even considering the errors of the fit. Beeaafs Sentedin Table 6. In Figure 3 we show the integrated flux aad th
this, we conclude that neither the flux nor the size havevad Major and minor axes of CRL 618 as a function of the frequency.
a linear increase with time. Thus, to a first approximatios, wh power-law fit to the data of the flux yields a spectral index in
fitted a power-law of the forma(t — )P to all the data sets, set-the frequency range from 1 to 43 GHz®f= +1.55+0.01. This
ting as a common parameter the starting time of the ionizatiyalue is smaller than the value derived from the data obtiine

to. The expressions of the fitted power-laws for the flux, maj® Kwok & Bignell (1984), which implies that the spectral in-
and minor axes are the following: dex has been decreasing over time. However, this spectiekin

results from averaging the emission over the whole sounce. |

S22 GHz t 0801 order to obtain more information about the distribution toé t

mdy = (254+10)x ( EJ - (971« 2)) ’ ionized gas (i.e. the electron density) we combined the soms
08401 at five diferent frequencies, 5, 8.4, 14, 22 and 43 GHz, to make

Ss GHz | _ (27+13)x ( St (19714 2)) ’ a map of the spectral index across the source; the resulbversh
mJy year in Figure 4. In this figure we see that the spectral index of the

emission ranges from values near zero, to values ug2téor
different parts of the source. The highest values correspond to
a band that crosses the source approximately in the NontithSo
direction, and it exhibits a steep gradient in the East-\fgst-
)o.5+o.1 tion.

b}

)0.4+0.1

L] ~ (1971 2)

arcse year

9 .
) J = (0.13+ 0.02)x (

For the case in which the depth and electron temperature

9 .
[ﬂJ — (0.03+ 0.01)x (
of the ionized region are constant across the source (below

arcse

L] — (1971 2)
year
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Fig. 3. Dependence of radio flux and size of CRL 618 with Frequencg ddta correspond to the observations carried out in thenel218.33.
The minor axis of the source at= 1.46 GHz was not resolved, thus we only show the value of the maajs. The dashed and dot-dashed lines
represent least squares fits to the data, assuming a powerddel. The numerical expressions of the fits are also showheipanels.

Table 6. Parameters of CRL 618 for epoch 1998.33

lines Frequency S, Minor axis Major Axis P. A
GHz mJy arcsec arcsec degrees
1.46 51 1 1.360:0.236 833
4.89 3%2 0.166:0.015 0.9140.012 8%&1
8.44 8k4  0.16G:t0.003 0.63#£0.004 821
14.96 22613 0.16@0.003 0.5120.006 821
22.49 41521 0.161%:0.006 0.4580.013 821
43.31 100454 0.166:0.002 0.33@0.004 8%1
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Fig. 4. Map of spectral index of CRL 618 made using the emission atffeaguencies from 5 to 43 GHz. The inner panels show the fité¢o th
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we show that this assumption is a good approximation), this Radius major axis (cm)

map basically traces the electron density of the plasma.s,Thu o o o o o o $
this spectral map shows that the electron density reaches A S S
a maximum on a band in the central region and decreases ~ & A © ~ o 4
outwards in the East-West direction, which is the directidn oy T T T ' ' ' '
the bipolar lobes seen at optical wavelengths. This gradien LN

o= N
the electron density is also revealed by the dependancesof th 107 - \ Epoch 1998.33 4

major axis with frequency, which is plot in the right panel oef?
Figure 3. From this plot we can see that while the minor axig
remains basically constant for all the frequencies, thenwjis
shows a clear dependance on the frequefigy, oc v~ 043004
This behavior of the major axis can be explained in terms d
the emission becoming optically thin atfidirent distances
from the star. Once the emission becomes optically thin, the
brightness of the emission decreases rapid as a functidmeof
optical depth. Reynolds (1986) demonstrated that for agtlgrt =
optically thick ionized outflow whose width, depth and eteat

temperature are constant, the total integrated flux is ptpal

ty (c

S1

109k

10° 3

to the product of the size of the optically thick region and th AT T T T
frequency squaredS, o Gnick - V2. Since we have found from 01 02 03 04 05 06 07 08
our observations (right panel of Figure 3) theaty o v, _ ) _

assuming that the size of the major axis is basically the gfize Radius major axis (arcsec)

the optically thick region, we have th&, o v*%% = 157 g 5 pependence of the electron density with the radius for the
which is exactly the behavior of the total integrated fluxthe compact Hil region of CRL 618. The solid line indicates thgioa
see in the plot on the left panel of Figure 3. Therefore, we caimere we have measurements of the size of the major axis astofu
consider that the width, depth and electron temperaturdef bf frequency (see Figure 4). The dashed lines are extrapataof the
ionized region are basically constant and ta4; corresponds fit following the same power law dependance. The gray regepne-

to the size at which the emission becomes optically thiny 1.  Sents the uncertainty region due the error of the fitted peters. The
horizontajvertical dot-dashed lines indicate the extreme values ®f th

The optical depth along one line-of-sight path of a region @lectron density and size of the source, correspondingetoliserving

ionized gas can be approximated by the following expression requenciesy = 4331 and 1.46 GHz (see Table 6).

EM
cm8pc

[E] 1'35[L] 2'1, (1) temperature i¥e=13000 K (Martin-Pintado et al. 1988). Using
K GHz these values to calculat and using the value of,cobtained
above, we can write the expression of the electron dengitygal
the direction of the major axis as:

7, = 8.235x 1072 [

whereT, is the electron temperature aiM is the emission
measure, defined &M = [ n2dL, wheren, is the electron
density and d is the diferential path length (Altentibet n.._;
al. 1960). If we assume that the electron density remai m—3] = (49+09)x 10'
more or less constant along one line-of-sight path, we can
write the emission measure &M = niL, wherelL is the where we have assumed a distance to the soDree 900 pc.
total depth of the source in the line of sight path. Thusy Figure 5 we show a plot of the electron density along the ma-
for a given frequency, from the expression above we c@} axis as a function of radius. The grey region correspaads
calculate the minimum electron density necessary for thee gge errors in the estimation of the paramet&rand g, . This
to become optically thick along one line-of-sight path d®fes.  plot shows that the electron density ranges fram-r.0° cm3
) to more than g ~ 10° cm™ across the source, with the high-
Assume that the density can be expressed as a power-gWvalue corresponding to the electron density in the egakt
of the distance to the star of the foma = Ar %. Consider band seen in Figure 4. As a matter of fact, the value of the elec
the relation between the major axis and the frequency that wen density in this region represents just a lower limihcsi
obtained from the fit shown in Figure 6,1 = 0.82y"%% where the emission is optically thick. The solid line in Figure Slin
we have used;—; = 6maj/2. Solving forne in (1) and assuming cate the range of size and density within which we have obser-
thatL andT. do not depend on the distance from the central stgational data (delimited by the dot-dashed lines). The ddsh
nor on the frequency of observation, we can obtain the foligw |ines are extrapolations of the electron density for othdues
relation: of the radius. Following the same analysis but using the alata
tained by Kwok & Bignell (1984), we estimated the correspond
A (0.82y7 )% = 348 (Tg*v* LTHM2 ing vaIu}e/s of the pgrame(ters gf the power law of the elg(étron

o : density for that observation epoch. We found a very simijar e
By equalizing the exponent of the frequency on both sidebef tponent of the power law,g= —2.4, but a smaller caBcient

equation, we find thatf= —2.4 + 0.2. Thus, the expression forA = (4.2+0.1)x 10%, suggesting a smaller value for the electron
the codficientAis e
density in the past (see below).

A=23 (T hHY2

)

-2.4+0.2
] b

arcsec

On the other hand, the size of the minor axis does not
We can further assume that the depth of the region is equakttibit dependance on the frequency. This indicates that
the width of the minor axis, i.eL = 6nin, and that the electron the emission is optically thick at all observed frequendies
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Wavelength (cm) 5. Discussion

10% g 2,0 1,0 — ,5 . ,3 ,2 ,1 — .O,'5. 0,'3 0,'2 0,'1 . 5.1. Anionized wind in CRL 618?

- ® Epoch 1982 1 Evidence of the increase of the radio continuum emission in
Epoch 1987 3 ¢ | CRL618 was reported for the first time by Kwok and Feldman

10| ® Epoch 1995 : 4 (1981). These authors showed that the flux doubled its vadtie b
t ® Epoch 1998 e

w

” ] 3 tween 1977 and 1980. They explained such rapid rise of the
i ] radio flux as a result of the expansion of the ionization front
¥R 1 into the neutral circumstellar envelope. In subsequenksvor
102 o 5 it was reported that the increase of the radio flux seemed to
: ~ have declined considerably, or even halted (Kwok and Bignel
K 1 1984; Martin-Pintado et al. 1988; Sahai, Claussen, & Masson
L e 1 1989; Martin-Pintado et al. 1993; Martin-Pintado et al. 399
10 3 e E This was attributed to a deceleration of the ionization fi@ng.
S ] Spergel, Giulliani & Knapp 1983).
[ - | The flux of the emission of CRL 618 at mm wavelengths has
100 L laai Loy e Ll L also shown an increasing trend since 1977. A compilatiohef t
1 9 5 10 20 50 100 200 500 flux at mm wavelengths as a function of time since 1977 until
2002 is presented in Table 2 of S4nchez-Contreras et al4J200
In the plot of Figure 6 we included the flux at mm wavelengths
Fig. 6.  Spectral energy distribution of the radio continuum emig?f four epochs. The flux exhibits an increasing trend for tre fi
sion of CRL 618. The colors indicate the data from the samefepothree epochs but it decreases in the last epoch (1998). iMarti
as it is shown in the upper left corner of the Figure. The dadime Pintado et al. (1988) found that this source had increased it
corresponds to calculations of a model for the epoch 1998 ifs&in  flux at 3.4 mm by a factor of 3.5 since 1977. These authors
text). The dot-dashed line corresponds to calculationswddel for the  pointed out that for a power-law distribution of the eleatoten-
epoch 1982 (see main text). The data at vyavelengﬂmm were tqken sity, N oc r-2, the increase of the flux at mm wavelengths cannot
fFE?nTaggvglt(zflL F(ilgg;?neét%ﬁli;g;;a‘g)elittlgpettoa?p?ir919179‘862ﬂ);9éﬂ;;!’ be explained in terms of the expansion of the ionized region.
Sanchez-Contreras & Sahai (2004;’ extrapolation to epoéB)lQ ’ Thus_, they concluded that, to eXp_Ialn the Increase of the flux
density, one has to assume density inhomogeneities prdduce
by changes in the mass-loss rate. Our observations alsesugg
that the density increased in the past. Now we will show thet t
this direction, which can be directly seen in Figure 4. Fromcr_ease_of the electron_ density can also explain the grofvth
gjor axis of the HIl region of CRL 618.

Figure 5 we see that the electron density in this region mig .
beghigher than 3 x 106 cm=3 Observatior¥s of the mglecular We have shown that as of 2007 the flux and the size of the
' ce at 22 GHz have been continuously increasing. The radi

emission toward CRL 618 have revealed the presence of a d
torus-like structure that extends perpendicular to theolaip 'Mages of CRL 618 at 5 GHz taken on early 1980, as well as

lobes (Sanchez-Contreras & Sahai 2004). The density of #1@S€ obtained (ijr) this work ;}gpch‘ 1998),h3h0t\)N r:;:dio continu
inner radius of the torus has been estimated to be of the ofdefM!SSIon extending 077. This indicates that by the year 1980

10° cm3, which is in perfect agreement with our results. Sindf€ ionization front had expanded at least up to that distanc
the HIl region is ionization-bound in the direction of theroi herefore, the advance of the ionization front cannot enjife

axis, the increase of its size in this direction is mainly doe observed expansion of the major axis of the ionized region at

the propagation of the ionization front. Our observatioas C2h2 GHz, V‘I’Ihicr?. e;;enpls gnlg 05 (see Figgre 2). In o;:ln::gor
be successfully modeled by analytical calculations of tie r the optically thick ionized region to expand, as our re

of expansion for an HIl region, however, we will present togate, _it is necessary thatits optical depth_at larger rad'rie'a_ses .
results somewhere else. with time. From (1) we see that the optical depth at a fiducial

frequency on a line-of-sight path depends on the emissiat me
sure and the electron temperature. In 84 we found that asgumi
In order to corroborate that the electron density has been anconstant electron temperature and depth of the source was a

creasing with time in the past, we performed calculationthef good approximation to explain the spectral index and thedep
spectral energy distribution at twofférent epochs using a modebance of the major axis as a function of frequency. Furtheemo
similar to that of Martin-Pintado et al. (1988). In our cdisu from our observations we found that the peak brightnessef th
tions, we used the electron density profile given in eq.2 ¢epoemission does not vary in more than 10% from epoch 1982.48
1998.33), as well as the profile obtained by using the paranieEpoch 2007.52. For an optically thick region, the peagturi
ters derived from the observations of Kwok & Bignell (1984ness depends only on the electron temperature. Thereferdow
epoch 1982.48). The geometry of the emitting region was amt expect the electron temperature to have changed mare tha
sumed to be cylindrical, with the diameter of the cylinden@g 10% throughout the observing epochs. Thus, the contributio
to the measured minor axis. We assumed an electron tempéoahe optical depth due to a variation of the electron temper
tureTe = 13000 K and a distance to the soufze- 900 pc. The ture should be of the order of 20%. From Figure 2 and Table 4
results of the calculations are shown in Figure 6 as a daghetd e see that minor axis increased by a factorof.8 since the
dot-dashed lines. The data from theéfelient epochs are codedirst epoch. If we assume that the depth of the source is equal
with colors. The calculations fit the data very well. Thisulkts to the minor axis, and since the emission measure is propor-
confirms that the assumptions to estimate the electron tgensional to the depth of the source, we have that for a given line
profiles are reasonable, which supports the idea that tor@te of-sight path the emission measure should have increased by
density has been increasing with time in the last decades.  factor of~ 1.8 throughout the observing epochs. If we consider

Flux (mdJy)

Frequency (GHz)
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Fig. 7. Radio continuum emission of CRL 618 at 43 GHz (contours) sagmsed on a gray scale image of the radio continuum enmisgio
8.4 GHz. The values of the contours at&(5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 18(.4x10* Jy beam?, thermsnoise of the image at 43 GHz.
The size of the beam at 43 GHz~90”043x0”046 with P. A= 307, and it is shown in the bottom left corner of the image. The @Gale uses the
logarithmic intensity transfer functioki = Log,,(1 + 9- 1), where the intensityl,, covers the range of values from 0 to 23®2 Jy beam?. The
size of the beam at 8.4 GHz, not shown in the image, ® 34x0”28 with P. A.= —71°.

the line-of-sight paths that correspond to the edges ofdbece distance to the source is scaledXe= 900 pc.
(r200752 = 075 andrigga4g = 073), for the epochs 1982.48 and

2007.52, using our result that the electron density is priigaeal

to r~24, we have that the ratio of electron densities should be o o ]
(0.50.3)24 ~ 0.3. Thus, while the increase of the depth of thé-2- The origin and morphology of the ionized wind

source accounts for a factor of 1.8 in the increase of the opﬁ1 I L .
X S ! e beginning of the ionization of the circumstellar enpel@t
ca}l dte prth% g;’% (iegrgg S\(/evr?if ahf delrt15|itr3]/ V\Q%d{i‘c\’/tancrev'\xﬁuthis very early stage of the evolution of the post-AGB phage s
a factor o R ch resufts In anizective grow'n o ngests that CRL 618 descends from a relatively high mass star.

At, ~ 20%. From this we conclude that the increase of the he central star of CRL 618 has been classified to be spectral

nor axis and temperature alone cannot account for a sigmific :
increase of the optical depth and the main factor respanibl Zp; ng;léh ﬁ;teer"?rg%mgiﬁmﬁ &2C?;2hOeOnO 1}éé\i\;es§>£cr)]glr<]ez_

the increase the optical depth at a given distance from #résst Contreras et al. (2002) found evidence of GITIV lines cor-

the rise of the electron density. responding to the W-R bump, which is observed in the major-
ity of carbon dominated Wolf-Rayet-type, [WC], centralrsta

From a detailed analysis of the central region of CRL 618 af PNe. The presence of a [WC] central star might explain the
optical wavelengths, Sanchez-Contreras et al. (2004)lgdad high mass-loss rate observe in this source. It also migHaaxp
that the gas in this region must be completely ionized. Themghy the mass-loss rate was increasing during the last cebtuir
fore, the ionization fraction is practically unity and arciease it decreased recently. The [WC] stars of post-AGB objects ar
of the ionizing photons does not result in an increase ofree f known to experience periods of intense mass-loss. It coald b
electrons. The only way of increasing the electron density possible that the central star of CRL 618 underwent a period o
by feeding in ionized gas with higher density. Thus, our itesuhigh mass-loss rate followed by a decrease of the massajecti
support the idea that CRL 618 is still expelling gas in therfor Sometime around 1971 the electron density at the very base of
of an ionized wind and whose mass-loss rate has been inegeatiie wind became low enough so that the ionizing photons could
with time. We used the equation of mass continuity in order &scape, ionizing the entire wind. The sudden increase dfithe
reproduce the electron density profile shown in Figure 5. Tkeen in the years before 1980 could have been due to the advanc
best fit to our data gives an expansion velocity of the ionized the ionization front. Once the wind was completely ionize
gas of~ 22 km st and an increase of the mass-loss rate frothe increase of the size of the Hll region has been mainly due t
~4x10%to~ 6x10°Mg yrtinthe~ 130 years previous to the expansion of the higher electron density parts of thzésh
1998. This value of the mass-loss rate agrees with thatradatai wind at constant velocity. Therefore, we consider that we ar
by Martin-Pintado et al. (1988) within a factor of two, onbe t witnessing the birth of a planetary nebula in CRL 618.
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In Figure 7 we present a radio image of CRL 618 at 43 GH#. While the major axis of the ionized region exhibits a depen
(shown in contours) superimposed on an gray-scaled image atdance with frequency, the size of the minor axis is the same
8.4 GHz. The size of the synthesized beam of the 43 GHz image at all observing frequencies. This behavior is explained in
is ~ 07045, which makes it the radio image of CRL 618 with the terms of the presence of an electron density gradient in the
highest angular resolution available so far. This imagewsho  direction of the major axis. The HIl region is ionization-
that the HII region has very well defined boundaries, pdrtile bound in the direction of the minor axis, indicating a much
each other, in the direction of the minor axis. The images at 5 higher density of the material in this direction.

8.4, 15 and 22 GHz reveal that the source exhibits a subtle $- The density of the material in the direction of the major
shape delineated by two faint extensions (see gray-scalgsm  axis has increased in the last century, although in the tecen
in Figure 7). Particularly, the extension toward the lefpaars decades it seems to have experienced a drop. The decrease
to be disconnected from the main part of the HIl region. This of the density close to the central star explains the begmni
structure had not been detected previously, most likelytoltige of the ionization around 1971 and the observed expansion in
lack of sensitivity. Since it lies along the direction of thmajor the direction of the major axis. This event marked the begin-
axis, it might be an enhancement of density of the ionizeld ste ning of the planetary nebula phase for CRL 618, implying a
lar wind, suggesting that there has been an episode of thscre very short time for its post-AGB phase,100 years.

mass ejection. The S—shape morphOIOgy of the ionized reg.'&)crllnomdedgenmts This research was supported by the Deutsche Forschungs-

hints at _possibil_ity of the presence of some !(ind of PreCERSlgemeinschaft (DFG; through the Emmy Noether Research gtar1/3-1).
mechanism, which would lead to the suggestion of a binary syS.. acknowledges the financial support of DGAPA, UNAM and IALYT,

tem. In fact, if one of the members of the binary system isNgxico. J. P. F acknowledges the Spanish Ministerio de Egiéiay Ciencia

; ; ; ; funding support through grants ESP 2004-665 and AYA 2085 and the
white dwarf and the other is a mass Iosmg AGB star, it could omunidad de Madrid” government under PRICIT project $9ESP-0237

possible to explain our observations in terms of the whitardw asTrocAm). This study has been supported in part by the UNidugh a
ionizing the wind from the AGB star whose mass-loss rate hgéktdoctoral fellowship and the European Community’s HurRatential Pro-
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