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.eduSummary. We present a pair of 2.5D simulations for the purpose of 
riti
ally ex-amining two alternative models of a 
ollimated proto-planetary out�ow. We 
onsidera ballisti
 
lump, and a steady jet, and 
ompare and 
ontrast the morphologies andkinemati
s that arise in ea
h 
ase. We �nd that the 
lump model provides as good orbetter a des
ription both morphologi
ally and kinemati
ally as does the jet model.Key words: ISM: jets and out�ows � planetary nebulae: general � planetary neb-ulae: individual (CRL-618) � stars: AGB and Post-AGB1 Introdu
tionObservations over the past de
ade have revealed an unexpe
tedly ri
h variety ofmorphologi
al 
lasses for proto-planetary nebulae (PPNe) [1℄. A new paradigm isneeded to a

ount for the point-symmetri
, multipolar and butter�y PPN types.The highly 
ollimated out�ows asso
iated with these obje
ts have led to the sug-gestion that high-speed jets operate during the late asymptoti
 giant bran
h (AGB)and/or the post-AGB evolutionary phases of the 
entral star [9℄. Momentum ex-
esses of as mu
h as ∼ 103 times that for whi
h radiation pressure 
an a

ount areobserved in these out�ows [4℄, whi
h has led to the suggestion that they are magnet-i
ally laun
hed [2, 3, 5, 6℄. Magneti
 laun
h me
hanisms 
an operate either in thesteady-state, or � as has been suggested for both Supernovae(SNe) and gamma-raybursts(GRBs) � in the impulsive limit [8℄. In this 
ontribution we present simulationsof two alternative models for the 
ollimated out�ows asso
iated with PPNe: a steadyjet and a ballisti
 
lump. We �nd that ballisti
 
lumps do as well or better thansteady jets in a

ounting for both the morphologi
al and kinemati
al 
hara
teristi
sof PPN-asso
iated out�ows.
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ription of initial 
onditionsWe use the AstroBEAR 
ode whi
h is extension of the BEARCLAW adaptive meshre�nement(AMR) pa
kage for solving 
onservation laws. We present two 2.5D sim-ulations of out�ows; one modeled as a ballisti
 
lump, and one as a steady jet, ea
hwith an e�e
tive resolution of 48 
ells per 
lump/jet radius, r0, and parameterizedto approximate as 
losely as possible the 
onditions present in the 
ir
umstellar en-velope of a post-AGB star. The number density pro�le of the ambient environmentis modeled in both 
ases a

ording to:
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lump number density, nc is spe
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# (2)for |r − rc,0| ≤ r0, while the jet number density nj is taken to be 
onstant. The jetvelo
ity, vj is smoothed a

ording to:
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# (3)Radiative 
ooling is modeled using opti
ally thin atomi
 line 
ooling. Numeri
alvalues for all relevant parameters are given in table 1.Table 1. Simulation ParametersModel Parameter ValueJet Radius, rj . . . . . . . . . . . . . . . . . 500 AUComputational 
ells per rj . 48number density, nj . . . . . . . . 500 cm−3peak velo
ity, vj,0 . . . . . . . . . . 100 km s−1Temperature, Tj . . . . . . . . . . . 200 KNominal ambient density, na 500 cm−3Ambient temperature, Ta . . 200 KShear parameter s . . . . . . . . . 0.9Clump Radius, rc . . . . . . . . . . . . . . . . . 500 AUComputational 
ells per rc . 48nominal number density, no 500 cm−3velo
ity, vc . . . . . . . . . . . . . . . . 100 km s−1Temperature, Tc . . . . . . . . . . . 200 KNominal ambient density, na 500 cm−3Ambient temperature, Ta . . 200 K
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lusionOur results for the 
lump and jet are presented in �gures 1 and 2 respe
tively. We�nd that the 
lumps a

ount as well or better than jets for morphology in two ways.Firstly, we �nd that over the same distan
e, the frequen
y of o

urren
e of ablationevents whi
h lead to stru
tures reminis
ent of rings seen in observations, is greaterfor the 
ase of the 
lump model than for the jet model. This is parti
ularly evident inthe syntheti
 maps of emission. Se
ondly � as indi
ated in the sequen
es of densitymaps � out�ow 
ollimation is better preserved over the 
ourse of the simulation inthe 
ase of the 
lumps.Additionally, kinemati
al eviden
e in the form of syntheti
 position-velo
ity(PV)diagrams indi
ate that 
lumps preserve �Hubble-Flow�-like kinemati
s better thando jets in spite of the greater frequen
y of ablation events. Indeed, PV diagrams forthe jet indi
ate a 
omplete absen
e of any su
h behavior, while a 
lear linear trendis evident in the 
ase of the 
lump when the angle of proje
tion is taken to be non-zero, so that the 
ontribution of the axial 
omponent of velo
ity to the line-of-sightvelo
ity predominates.We 
on
lude that Multi-polar PPNe are more easily explained as resultingfrom the fragmentation of an explosively laun
hed shell. Jet Models of su
h PPNewould require positing multiple, 
o-existing, separately-aligned, quasi-stable rota-tional axes.Referen
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Fig. 1. (top) Clump density at times 208, 477, 753, and 1082 years; (
enter) Syn-theti
 map of Clump integrated radiative emission at time 1082 years assumingopti
ally thin atomi
 line 
ooling, and a proje
tion angle of 20◦; (bottom) Syntheti
Position-Velo
ity Diagram of 
lump at time 1082 years assuming proje
tion anglesof 20◦ (left) and 0◦ (right) respe
tively. Note: all images have been produ
ed byrevolving the 2.5D simulation data about the symmetry axis and integrating.
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Fig. 2. (top) Jet density at times 336, 628, 896, and 1165 years; (
enter) Syntheti
map of Jet integrated radiative emission at time 1132 years assuming opti
ally thinatomi
 line 
ooling, and a proje
tion angle of 20◦; (bottom) Syntheti
 Position-Velo
ity Diagram of jet at time years assuming proje
tion angles of 20◦ (left) and
0◦ (right) respe
tively. Note: all images have been produ
ed by revolving the 2.5Dsimulation data about the symmetry axis and integrating.


