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Abstract. We present 2D axisymmetric and 3D numerical simulationsheffroto-planetary nebula Hen 3-1475, which is
characterized by a remarkably highly collimated optical fermed by a string of shock-excited knots along the axishef
nebula. It has recently been suggested that the kinematichimorphological properties of the Hen 3-1475 jet couldhee t
result of an ejection variability of the central source (@iet al. 2003). The observations suggest a periodic véitjabf

the ejection velocity superimposed on a smoothly increpsijection velocity ramp. From our numerical simulationg w
have obtained intensity maps (forflidirent optical emission lines) and position-velocity dégs, in order to make a direct
comparison with the HST observations of this object. Our ewical study allows us to conclude that a model of a precgssin
jet with a time-dependent ejection velocity, which is progtng into an ISM previously perturbed by an AGB wind, can
succesfully explain both the morphological and the kinévaatharacteristics of this proto-planetary nebula.
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1. Introduction Recently, the interaction of CFWs and the AGB envelope

has been explored both analytically and numerically (Soker

Recent images of young PNe obtained with the HST have &-Rappaport 2000; Lee & Sahai 2003; Garcia-Arredondo &
vealed that almost all of them have aspherical morphologig$ank 2003).

Also, a significant fraction show bipolar or mutipolar lobes

highly collimated outflows orjet_s and other complex Stl’l{:leﬂ.l very well collimated jet, formed by a string of knots distriid
SRth §$Opsh(sge'lz'§§’. _Sraha| & nggerdltqgh&zggc'g"l‘r?ﬂlong the main axis of the nebula (reminiscent of a HH ob-
era anchado , ramme oodrich )'. a ‘?éct). Hen 3-1475 has been the object of optical imaging from
&Tral_Jger (1998) suggested the}t the optflows (ie., COIlﬂrdatthe ground (Riera et al. 1995) and with the Hubble Space
fast winds, hereafter_CFWs) aqtlng du.r|ng the early POSBA elescope (HST) (Bobrowsky et al. 1995; Borkowski, Blondin
phase may have an important impact in th_e formation of_ theé‘?ﬁarrington 1997; Ueta, Meixner & Bobrowsky 2000), near-
Complex structur_es. HOV\_/ever, the mechanism(s) produbiag fnfrared photometry (Garcia-Lario et al. 1997; Rodrigets
collimated fast wmc_ig or jets arg not well undgrstood. ~al. 2003), optical polarization (Rodrigues et al. 2003)ti-op
The most promising scenarios for producing CFWs or je¢a| spectroscopy (Riera et al. 1995; Bobrowsky et al. 1995;

The proto-planetary nebula (PPN) Hen 3-1475 shows a

are: Borkowski & Harrington 2001; Sanchez Contreras & Sahai
(i) magnetized accretion disk and binary stellar systene,(s2001; Riera et al. 2002, 2003), and proper motion studies
e.g., Soker & Livio 1994; Blackman et al. 2001), (Borkowski & Harrington 2001; Riera et al. 2002, 2003).

(i) a rapidly rotating star with a toroidal magnetic fielceés The central region is probably a dusty disk (or torus). The

e.g., Garcia-Segura et al. 1999; Garcia-Segura & L6peaR densest parts of the disk are seen in the WFPC2 images of
Borkowski et al. (1997) as dark patches. The intrinsic polar
Send offprint requests to: P.F. Velazquez ization and large reddening of the circumstellar region efiH

* Based on observations made with the Hubble Space Telescope:4 75 has been studied in detail.by_ Rodrigues et al. (2003)-
obtained from the Data Archive at the Space Telescope Seierid1€ presence of CO molecular emission sugg(_ests the exéstenc
Institute, which is operated by the Association of Univiéesi for Of large amounts of neutral gas. The CO emission shows an

Research in Astronomy, Inc., under NASA contract NAS5-Z655  expanding torus of material (Knapp et al. 1995, Bujarrabal e
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al. 2001). The recent CO observations of Huggins et al. (R0Gd. 2002) have been carried out fofffdrent functional forms
show the presence of an expanding biconical envelope, @ad gor the ejection velocity variability.
vide strong evidence for entrainment of the molecular gas by In the present paper, we investigate whether or not the prop-
the high-velocity jets. The OH emission suggests the axigte erties of the jets of Hen 3-1475 can be the result of the viriab
of an aspherical shell expanding at 25 km ¢Bobrowsky et ity of the ejection velocity. As far as we are aware, our work
al. 1995, Zijlstra et al. 2001). is the first attempt to obtain a gasdynamical simulation @ th
The radio continuum indicates the presence of a compa@gject. The origin of both the collimation mechanism and of
ionized region surrounding the central B star (Bobrowskglet the ejection velocity variability is not studied in this @ap
1995; Knapp et al. 1995). Optical, ground based spectrgscop The present paper is organized as follows : in section 2, a
of the central source revelead the presence of P-Cygni Balrwgriable velocity ejection law is obtained for the case ohHe
line profiles (Riera et al. 1995), which indicates the presasf 3-1475; the initial conditions and assumptions for the 2ad a
mass outflows at high velocities. An analysis of a STIS, lon§—D numerical simulations are presented in section 3; in sec
slit Ha spectrum of the central region of Hen 3-1475 (Sanchéien 4, we present the results of the temporal evolution from
Contreras & Sahai 2001), suggests the presence of fieveit 2—-D axisymmetric numerical simulation (subsection 4.1d an
winds outflowing from the central star at high velocitieseThthe comparison of 3—D results with HST observations (subsec
highest velocity outflowing wind is highly collimated close tion 4.2); finally, in section 5, we give our conclusions.
the central star, and shows a radially increasing velocity.

The emitting knots show extremely broad, doubIe—peade
emission line profiles (with FWHM from 400 to 1000 km's
Borkowski & Harrington 2001; Riera et al. 2003). The radialVe now consider the ground-based and the STIS HST spec-
velocities observed along the Hen 3-1475 jet decrease with froscopy, together with proper motion measurements (taken
creasing distance to the central source, showing abruptisel from Riera et al. 2003) of the Hen 3-1475 jet. We first depro-
changes in the transition regions from each (sub)condensaject the distance from the source and the velocitz) for an
to the next one. assumed angle = 50° between the outflow axis and the plane

From a comparison of the spectra observed for the intern@éthe sky (Borkowski & Harrington 2001). In this way, we ob-
diate knots of Hen 3-1475 with the spectra predicted by plarf@in the physical velocity of the emitting gas as a functién o
parallel shocks, Riera et al. (1995) concluded that the emglistance from the source (see Figllre 1).
sion is produced in a shock wave which propagates through From Figuréll, we see that the flow velocity decreasesin an
a nitrogen-enriched medium. Predictions from plane-feiralapproximately monotonic way as a function of increasing dis
shock models (adopting Type | PN abundances) with shock ¥@nces from the source. Such a velocity configuration sugges
locities from 100— 150 km s?! qualitatively reproduce the atime-dependentejection velocity which smoothly incesaess
observed spectra (Riera et al. 2003). a function of time (with larger velocities at more recenteigh

Recently,Chandra has detected X-ray emission from Herf\ISO, we need to superpose (on this “smooth ramp” varighilit
3-1475 (Guerrero et al. 2004; Sahai et al. 2004). The R-variation in the ejection veloqty_ with an appropnatemér
ray source position coincides with the innermost opticaitkn@nd amplitude in order to obtain internal working surfaces a
NW1, and the X-ray emitting gas is probably shock heatelositions that approxmate_ly correspond to the positidiibe
The X-ray spectrum implies a temperature~oR.4 x 10f K, knots along the observed jet. _
and the observed X-ray luminosity implies a shock velosity After trying a number of dferent functional forms for the
400 km s (Guerrero et al. 2004; Sahai et al. 2004). ejection velocity variability, we have chosen the form :

Recently, it has been suggested that kinematic and morpho- (2 (t—t i 1
logical properties of the Hen 3-1475 jet could be the resilt & = Y0 * V1 Sn(2n(t-to)/7) +at, (1)

a variability of the central source (Riera et al. 2003). Rgri

the past 15 years, time-dependent ejection velocity rnc)d\{%hich includes a periodic term (described by a sinusoidatfu
have been studied and applied to HH jets, and these m h characterized by an amplitude velooiyand a period),

. . . . tperimposed on a linear increase of the velocity (at aajate
els in principle can also be applied to the Hen 3-1475 jet, A Eq. (1),to (< 0) is the time at which the source is initially

these models, the chain of knots observed in the jet is asi;urmemed on { = 0 corresponding to the time at which the ob-
o cprrespond to the_ successive |n.tern.al Work|qg surfe}[&}s servations were obtained). Through the computation ofraéve
sulting from a (possibly periodic) ejection velocity vabitty. r%;(‘jels with dfferent parameters, we find that the following pa-

A variable velocity ejection law for Hen 3-1475

One-dimensional analytic (Raga et al. 1990; Cantd, Raga o 1 ; _ 1
D’Alessio 2000), as well as axisymmetric and 3-D numericy eter setwp = 400 km s (mean velocity)v,= 150 km $

simulations (Volker et al. 1999; Raga et al. 2002; Masdiadr f\/elocny variability half-amplitude)r = 120 yr (period of the

sinusoidal veriability)a = 1 km s yr~! (slope of linear ramp)

1 A “working surface” is a double shock structure produced sy t gndto = —640 yr (time at which the jet is turned an) produces

propagation of a fast flow into a slower flow. This working swé is jets with knot structures and klnematlcal properties .mb
formed by a bow shock sweeping up the material of the slow fiow, the ones of the Hen 3-1475 jet. We then use the ejection ve-
inward shock or Mach disk that decelerates the fast flow gas,aa 0City variability given by equation (1) with this partiar set
contact discontinuity between them, separating the shbskev and Of parameters in order to compute the axisymmetric and 3D jet
fast flow gas simulations discussed in the following sections.
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Fig. 1. Velocity of the emiting gas as a function of distarce Fig. 2. Time evolution of the density stratification for the
from the source, reconstruted from the ground-based raelial case of an outflow moving into a homogeneous environment.
locities (solid circles) and the STIS spectroscopy (opesies) Integration times range from 100 to 600 years (top to bot-
tom panels, respectively). The logarithmic greyscale,niisu
of g cnT3, is given by the vertical bar on the right of the bot-

3. Numerical Simulations tom panel. The scale in both axes is given in units df ton.

3.1. 2-D Numerical simulation

ﬁ{'g. 3. Same as Fifjl2 but for the case of a jet expanding into
an AGB remnant with a density distribution given by[Hq.2 (see
ext)

The 2-D numerical simulations have been carried out wi
the axisymmetric version of the Yguazlt—a code (which is d
scribed in detail by Raga et al. 2000). This code integraitteslI
cylindrical gasdynamic equations (employing the “flux vec-
tor splitting” scheme of van Leer 1982) together with a syg«~* and an expansion velocity of 20 km's. Fora andg we
tem of rate equations for atonficnic species. With these adopt values of 0.7 and 3.0, respectively. With these patiensie
rate equations, a non-equilibrium cooling function is comand Eql[R) the range of the AGB wind density alargzix is
puted. The reaction and cooling rates are described inldeta{500, 0.05] cm?® from the injection point to the boundary,
by/Raga et. al (Z00R). We have used the mean Type | PN abuespectively.
dances from Kingsburgh & Barlow (1994).
The axisymmetric numericgl sir_nulations_were compu_te:gz 3D Numerical simulation
on a 4-level binary adaptive grid, with a maximum resolution
of 1.172x10'® cm along both axes. The computational domaiAxisymmetric numerical simulations are powerful tools for
is of (12.0, 1.5x 10*” cm, along the axialZ) and radial ) finding a time-dependent ejection velocity (such as the one
axes, respectively. given by Eqllll)) which produces knots with appropriate po-
The jet is injected az = 0 with the time-dependent ejec-sitions and kinematical properties. However, the Hen 35147
tion velocity given by Eq[{1) (and with the paremeter setgiv jet has a “S"-like morphology, which is far from axisymmetri
in §2). The jet has an initial radiug & 6 x 10* cm, (time- Then, in order to reproduce this “S™like shape, we have car-
independent) density of 500 cfh(similar to the density de- ried out 3-D numerical simulations, including a precessibn
rived by Riera et al. in preparation) and temperature TO00 the outflow axis with a period of 1500 yr and a half aperture
K. angle for the precession cone of 7.%his precession produces
We have carried out 2-D numerical simulations with twapproximately one half “wave” of the approximately helifl
density distributions for the surrounding medium. Firse wbeam within the observed length of the jet in Hen 3-1475 (in
have assumed that the surrounding environment is homoggreement with the observed images).
neous, with a densitysh, = 10 cnT® and temperature g, = We then carry out a 3-D numerical simulation of a jet with
100 K. the ejection velocity variability given in Section 2, anceth
However, the high-velocity outflows of Hen 3-1475 argrecession described above. The numerical simulations wer
moving through the slow wind previously ejected by the staarried out with the 3-D version of Yguazu-a code, employ-
as a red giant on the AGB. The circumstellar envelope of Hérg a five-level binary adaptive grid with a maximum resolu-
3-1475 is far from being spherical as shown from the optictidn of 2.34x10 cm. The computational domain was of (3, 3,
polarization maps and the spatial distribution of the CO ard@)x10*’ cm alongx—, y— andz- axes, respectively.
OH emission (see, e.g., Bobrowsky et al. 1995, Zijlstra et al The outflow is injected ax = y = 1.5 x 10t cm, on the
2001, Bujarrabal et al. 2001, Rodrigues et al. 2003, Huggins= 0 plane. The initial jet radius is &0 cm, the initial
et al. 2004). In order to include this, we have computed a sewmber density is); = 500 cnT® and the temperature is; T
ond model, in which the outflow is moving into an AGB wind= 1000 K. We have adopted a larger initial jet radius than in
For this model, we have assumed that the AGB remnant hadla@ axisymmetric simulations (s€8.1) in order to resolve the
aspherical density distribution with high densities on¢qea- jet beam with~ 10 grid points (in the lower resolution, 3-D
tor and lower densities on the poles, which is described by thimulation).

following equation (taken from Mellema 1995), In the 3-D simulation, we assume that the jet is moving
1 (_285ir20) into the AGB wind, for which we adopt the aspherical density
—exp(-2psin : : : .
o(R) = po[l _ a( T pr(—Zﬁ) )](RO/R)Z ) function and parameters described in Section 3.1.

whereR = VrZ+ Z andd is the angle with respect to-axis. 4- Results

The parametar determines the ratio.between the density at_ﬂ}ﬁl. Temporal evolution of jet structure for 2D

equator and at the pole, apdletermines the way the density numerical simulations

varies from the equator to the pole (see Mellema 1995). The

value ofpg is calculated from the mass loss rate ag = M Figurel2 shows a 600 yr time-sequence of the density stigtific
/4r Rg Venvs Where 4y, is the expansion velocity of the AGBtion (in therzplane) for the case of a jet moving into a homo-
remnant. We have chos&j = rj, a mass loss rate of 18Mg  geneous environment. Figuie 3 shows a similar time-seguenc
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Fig.4. Comparison between simulatedaHemission for a Fig. 5. Density (left), pressure (centre) and temperature (right)
model with a jet propagating into an uniform ISM (bottonstratifications for a precessing jet moving into an AGB wind,
panel), and the corresponding emission for the case of agbtained from the 3D numerical simulation described in the
moving into an AGB wind (top panel). Both maps have bedext. Each panel shows a cut (on the z plane) of the cor-
obtained integrating the ddemission cofficient along lines of responding variable for a 640 yr integration time. The sale
sight, for an angle of Stbetween the flow axis and the plane 0bf both axes are in units of 30cm. The density, pressure and
the sky. Both maps correspond to a time-integration of 640 yemperature scales are logarithmic (top horizontal baramh e
The horizontal and vertical axes are given in arcseconds(fopanel), given in g c? dyn cnt? and K, respectively.

distance of 5.8 kpc to the object). Therldmission is depicted

with a logarithmic scale (in units of erg’scm2 srt) given by Fig.6. [N II] 6583 A, [S 1] (6717+6730) A, [O 1] 6300

the vertical bar on the right of the bottom panel. A,JO 111 5007 A and Hx emission maps (from left to right),
corresponding to an integration time of 640 yr. These maps
) o ] ) _have been obtained integrating the emission lineffament
but for a jet propagating into the AGB wind (with a density|ong of lines of sight, considering that the jet axis hasragiea
distribution given by Edf{2)). of 50° respect to the plane of the sky. The horizontal and ver-
The gray-scale representations of the density stratifinati tical axis are in arcseconds (after considering a distafie8o

obtained for integration times from 100 to 600 years (seéFigpc) while the vertical bar on the right, shows (in logarifom
andL3) show the head of the jet traveling away from the injegcale) the normalized emission.

tion point. The ejection velocity time variability prodisiaiter-
nal working surfaces that travel down the jet (which we ider|1:-. 7 UST | in IN I of South f fH
tify with the emitting knots of the observed jet). Each waordi 9. 7. image in [N Il] of Southeastern outflow of Hen

surface is produced when fast material catches up with $I0V§’€1475' _Wh'Ch_ e)_<h|b|ts a ]Et'“ke. structure an_d three pairs
material ejected at earlier times. symmetric emission knots. The innermost pair of knots show

. - subarcsecond structure, with the existence of three wiiietk
The temporal variability law used for the velocity in thesé !
. . " compact subcondensations. The knots have been labeled fol-
simulations corresponds to the superposition of two teras lowing Riera et al. (2003)
periodic variability (described by a sinusoidal functicamd 9 ' '

a linear increase in the velocity. While a linearly increasi

ejection velocity vs. time produces a single, accelerd#ag- and do not study 3D models of jets moving into a uniform en-
ing working surface (see Raga et al. 1990 and Cant6, Ragasifonment.

D’Alessio 2000), the sinusoidal mode (which is superimpose

on the linear ejection velocity vs. time dependence, sed Eq. . .

produces a train of internal working surfaces which traesvad 4.2. Comparison bgtween 3D numerical results and

the jet beam (see, e. g., Raga & Noriega-Crespo 1998). HST observations

A comparison between FI§.2 and [Eg.3 illustrates the efigure[B shows cuts on tlye- z plane of the density (left), pres-
fect of the stratified environment on the evolution of thetsno syre (centre) and temperature (right) stratificationstifer3D
Initially (at times < 300 yr), the head of the jet propagatesimulation of a precessing jet moving into an AGB wind (see
faster in the uniform environment model. However, as thetimg3.2). These stratifications correspond to an integratiog of
evolution proceeds, the head of the jet in the AGB wind casgQ yr.
accelerates as it gets out to the lower density regionsefarth  From the density stratification (left panel of [Elg.5), we see
away from the source, and the jet eventually becomes longigst the jet has a leading head, followed by two high den-
than the one of the homogeneous environment jet model (889 knots, which coincide with high-pressure regions (c&n
thet = 600 yr model of Figd2 arfd 3). panel). There is a high-temperatute (0° K) region which

An interesting diference between the homogeneous envierresponds to the “cocoon”, while the internal jet regibage
ronmentand the AGB wind models can be seen in thehtis- temperatures 10° K or lower (right hand panel of Fi@.5).
sion maps (Fi@4). While the uniform environment jet model The main &ect of the precession is to produce a curved
shows extended bow shock wings (associated with the leadingrphology for the jet beam, which qualitatively resembles
working surface), the AGB wind model does not show suche “S”-shaped morphology of the Hen 3-1475 jet (sedFig.5).
wings. This is a direct result of the fact that at distances Qftherwise, the 3D model has internal working surfaces which
~ 10" cm from the source the AGB wind has a very low derare similar to ones of the axisymmetric models ($4€.).
sity, so that the emission from the bow shock is much lower The predictions obtained from the 3D model can be com-
than in the homogeneous environment model. pared with the WFPC2 HST images and with the position-

In this way, we see that the model of a jet travelling intgelocity diagrams obtained from the (spatial and spedtigh-
an AGB wind produces b intensity maps that more closelyresolution STIS spectroscopy. In order to compare the 3D nu-
resemble the observations of the Hen 3-1475 jet, as this aterical simulation with the HST images of Hen 3-1475, from
ject does not show emission from extended bow shock wingge model we have computed intensity maps for the [N 11]
associated with the jet head. Because of this, we carry out 8883 A, [O 1] 6300 A, [S 1] (671%6731) A and [O 111] 5007
simulations only for the case of a jet moving into an AGB windd (from left to right, Fig.[®) integrating the emission dhe
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cient along lines of sight. We have assumed thatthgis lies ering the wavelength range from 5000 to 6800 A) have been
in the plane of the sky, and that tkexis is oriented toward the published.
observer at an angle of 5@ith respect to the plane of the sky.  Figurel® displays position—velocity (PV) diagrams in [NII]
Furthermore, we have changed the physical coordinatesof 6583 A (left) and h (right), obtained from our simulations for
model to angular sizes (after taking into account distamek aan integration time of 640 yr. Both maps have been convolved
projection dfects). with a spectral resolution of 50 ks in order to simulate

In Figure®, we show the simulated line emission maps fotlae STIS spectral resolution. In order to have predictidvas t
640 yr integration-time, which can be compared with the HS3an be directly compared with the spectroscopic obsemnstio
[N 11] image of the SE jet (shown in Fidgl 7). The images ofBorkowski & Harrington 2001; Riera et al. 2003; Riera 2004)
Hen 3-1475 obtained with the HST using narrow band filtetise line profiles have been computed assuming a broad spectro
(such as F658N) essentially trace the ionized gas throwgh traph slit (covering all of the computational domain aloheg t
detection of the nebular emission coming from the corredpory-axis) straddling the-axis. Again, an angle of 3tbetween
ing emission line (such as [N 11] 6583 A). However, we shoulthe z-axis and the plane of the sky has been assumed.
note that losses are expected in the detection of the exyeme The calculated PV diagrams (see Hijj. 8) qualitatively re-
blueshifted and redshifted emission due to the large vi&sci produce several characteristics of the observed kinema
involved. Therefore, the observed intensities of the kitotke expected, the large radial velocities and the observecdedser
[N 11 image are underestimated due to the reduced transmié-the radial velocity with distance along the Hen 3-1475 jet
sion of the filter F658N. The losses are larger for the innatmare well reproduced by the model. Also, the models show dis-
knots, which show the largest radial velocities. tinctive step-like radial velocity decreases along theapas,

All of the maps (from high to low-ionisation species) shovand such anféect is also seen in the observed PV diagrams
the same number of knots (at the same distances from the(see Fig[B and Riera 2004).
jection point) with similar morphologies. Comparing the-ob  The observed emission line profiles arising from the knots
served [N Il] image (Fig[d7) with the simulated emission linehow wide double-peaked profiles (Borkowski & Harrington
maps (FidBb), it is clear that the observed and simulatedsma&01; Riera et al. 2003) . In the innermost knots the high-
are qualitatively similar. velocity peak is stronger than the low-velocity peak, witile

At t = 640 yr (see Fidl6), we see the leading head at an aituation reverses at the intermediate knots. The calediBY
gular distance of 7’3 from the injection point, which agreesdiagrams show broad emission line profiles, but which are nar
well with the observed angular distance 667 from the cen- rower than the observed profiles by a factor~02. Also, the
tral source to the outermost knot SE3. In all of the simulatedliculated PV maps show double-peaked profiles only at very
emission line maps we observe that the leading head has a dipecific spatial locations (e. g., in the knot=a#/7 from the
ble structure. Actually, this double feature correspomdsvo  source in FiglB).
working surfaces. This pair of knots is formed by a fasterkwor
ing surface which at = 640 yr has just overtaken a slower,
working surface ejected earlier (this dynamicéieet can be
seen in the PV diagrams of Fig. 8). We have carried out 2D (axisymmetric) and 3D numerical sim-

The intermediate knot (labeled SE2 in Hij. 7) is located atations for modeling the jet of the proto-planetary netiddan
a distance of~ 579 in both the observed and simulated im3-1475, which is the first attempt for obtaining a full and dy-
ages. The observed innermost knot (labeled SEla, SE1b aadhical model for the outflows associated with this nebula.
SE1c) is an elongated structure formed by three subconden-We have found that itis possible to fit the observed structure
sations (at distances from the source fren2’27 to 365). of the Hen 3—1475 jet with a time-dependent jet model with an
No emission is observed in the innermost region (i.e. betweegjection velocity history composed of a sinusoidal modessup
SEla and the central source). In the inner region, the sinimposed on a linear ramp (i.e., a linear increase of theieject
lated maps (see Fifll 6) show an elongated feature connectietpcity with time). The sinusoidal mode has a period-df20
the point of injection with a compact knot at4’5 down the years and a half-amplitude of 150 km'sand the linear term
jet. This feature clearly resembles the morphology obskirve has a slope of 1 km$ yr~t. We have explored models of jets
the innermost knot (SE1) of the Hen 3-1475 jet. However, tingoving into a homogeneous environment, as well as models of
calculated emission maps do not show the observed emisgiEts moving into a previously ejected, stratified AGB wind.
gap between this knot and the source. We should note that Lee & Sahai (2003) have presented 2D

A detailed comparison of the intensity maps of lowhydrodynamical simulations of the interaction of a Ch&t/
ionization (i.e. [O I] or [S 1I]) and high-ionization speadi.e. and a spherical AGB wind in a PPN. Lee & Sahai adopted a
[O 111]), reveals that the leading bow-shock is prominenf@h periodic variation in the density and velocity of the jet tfwi
1] and Ha, and much fainter than the other knots in the lowan amplitude of 150 km~3 and a period of 22 yr, keeping
ionization species (see, e.g., the [O I] intensity map offfig a constant mass loss rate) in order to reproduce the morphol-
The simulated [O I] intensity map shows a large range of inteagy and velocities observed in the PPN CRL 618. A model
sities from the brightinnermost knot to the fainter leadiegd. including both periodic density and ejection velocity @dions
All knots show a more or less constant [O IlI] intensity (frontould describe the characteristics of PPNs such as Hen 3-147
the inner knots to the head). Unfortunately, no spectraphoHowever, Lee & Sahai (2003) point out somefidulties for
metric observations of the three knots of Hen 3-1475 (coproducing the knotty structure observed along the axis &f PP

. Discussion and Conclusions
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