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leares.unam.mx)Summary. Fast 
ollimated out�ows have proven ubiquitous in planetary nebulae(PNe) and their dynami
al a
tion 
an be very important in the PNe formation andshaping. Using a database of HST WFPC2 images of 64 PNe, we explore in thiswork a new diagnosti
 for fast 
ollimated out�ows in PNe based on the e�e
ts thattheir sho
ks produ
e in the relative [O iii℄ and Hα emissions. We 
on�rm that the[O iii℄/Hα ratio is enhan
ed in thin skins asso
iated to bow-sho
ks of fast 
ollimatedout�ows, but we also �nd that low velo
ity sho
ks asso
iated to expanding shells ofmultiple shell PNe produ
e similar e�e
ts. These results indi
ate that the o

uren
eof a thin skin of bright [O iii℄/Hα in a PN is not su�
ient to 
on�rm the presen
e ofa fast 
ollimated out�ow, but it 
an always be 
onne
ted with the e�e
ts of a sho
k.Key words: ISM: 
ollimated out�ows � planetary nebulae: general1 Introdu
tionJets and 
ollimated out�ows may have important dynami
al e�e
ts in planetary neb-ulae (PNe), 
ontributing de
isively to the nebular shaping. Fast 
ollimated out�owsin PNe 
an drive sho
ks in the surrounding medium that 
an be dete
ted through:� morphologi
al e�e
ts: bow-sho
k stru
tures,� ex
itation e�e
ts: regions of enhan
ed emission in low-ionization lines,� dynami
al e�e
ts: broadened emission lines,� hot gas: X-ray emission for sho
k velo
ities greater than 300 km s−1.Narrow-band imaging in low-ionization emission lines (e.g., [N ii℄ or [O i℄) are typi-
ally used to dete
t fast 
ollimated out�ows in PNe, although the presen
e of low-ionization features that are not moving at high speed is sometimes 
onfused with
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ollimated out�ows [2℄. High-dispersion spe
tros
opy 
an be used to determinethe real nature of low-ionization features, but these observations are insensitive tofast 
ollimated out�ows moving along the plane of the sky [3℄.In addition to the e�e
ts listed above, a fast out�ow propagating into a lowdensity medium drives a forward sho
k that produ
es an in
rease of Te. The hightemperature and low density of the medium enhan
e the emission in the [O iii℄ λ5007Å line, whi
h is very sensitive to Te, while the emissivity of the Hα line, whi
h ismore sensitive to Ne, is redu
ed. Consequently, a region where the [O iii℄/Hα ratiois signi�
antly enhan
ed develops in front of the 
ollimated out�ow. This e�e
t isobserved in wind-blown bubbles around WR stars. In S 308, for instan
e, the shellexpanding at 65 km s−1 generates a forward sho
k that produ
es a notable o�setbetween the [O iii℄ and Hα emissions [4℄.Re
ently, [1℄ found a thin skin of enhan
ed [O iii℄/Hα enveloping NGC6543 inHST WFPC2 images of this nebula. The origin of this skin of enhan
ed [O iii℄/Hα,while un
ertain, was ex
luded to be an observational artifa
t. The asso
iation of thestru
ture observed in NGC6543 with its 
ollimated out�ows is tantalizing. Here weexplore the use of [O iii℄/Hα ratio maps to dete
t fast 
ollimated out�ows in PNe.2 PN Classi�
ation Based on the [O iii℄/Hα RatioInspired by the results obtained for NGC6543, we have used the WFPC2 [O iii℄ andHα images of all PNe available in the HST ar
hive to investigate the o

urren
e ofskins of bright [O iii℄/Hα in PNe and its relationship with fast 
ollimated out�ows.The sample of PNe with useful HST WFPC2 [O iii℄ and Hα images in
ludes 64 ob-je
ts. The [O iii℄ and Hα images were pro
essed using standard pipeline pro
eduresand the images were registered and shifted to obtain the [O iii℄ to Hα ratio image.The [O iii℄/Hα ratio maps were subsequently examined to investigate the relativepositions of the [O iii℄ and Hα emissions and to sear
h for regions of enhan
ed valuesof the [O iii℄/Hα ratio.The spatial di�eren
es between the [O iii℄ and Hα emissions are 
learly high-lighted by the [O iii℄/Hα ratio images (see Figure 1 for a few examples). In a numberof 
ases, the ratio maps show regions of bright [O iii℄ emission external to the nebu-lar shell or at the tip of jet-like features. In some other 
ases, a region of bright Hαemission relative to [O iii℄ surrounds the nebula. A 
lose inspe
tion of the [O iii℄/Hαratio images of these PNe has allowed us to 
lassify them into four di�erent types:
• Type APNe surrounded by skins of enhan
ed [O iii℄/Hα that 
an be asso
iated to bow-sho
k features produ
ed by fast 
ollimated out�ows. Type A PNe are IC 4634(Fig. 1-top), NGC6210, NGC6543, NGC6572, and NGC7009.
• Type BPNe surrounded by skins of enhan
ed [O iii℄/Hα emission asso
iated to neb-ular shells. In some double-shell PNe, both shells exhibit a skin of enhan
ed[O iii℄/Hα. The list of type B PNe in
ludes NGC3242 (Fig. 1-
enter), NGC6153,NGC6210, NGC6818, NGC6826, NGC7009, and NGC7662. Although sometype B PNe display FLIERs, the skin of enhan
ed [O iii℄/Hα does not seem tobe related to these features.
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Fig. 1. Hα and [O iii℄/Hα ratio images of the type A PN IC 4634 (top), type B PNNGC3242 (
enter), and type C PN IC 418 (bottom). In the [O iii℄/Hα ratio images,regions of relatively bright Hα emission appear bright (white), whereas regions ofstrong [O iii℄ emission relative to Hα are shown dark (bla
k).



238 Medina et al.Note that NGC6210 and NGC7009 also show regions of bright [O iii℄/Hα ra-tios that 
an be asso
iated to bow-sho
k features produ
ed by fast 
ollimatedout�ows. For these two PNe, we will use the type AB.
• Type CPNe where the [O iii℄/Hα ratio de
reases at the outer edge of the nebula, i.e.,these PNe show the opposite behavior to type A and B PNe. Among these PNeare: BD+30◦3639, IC 418 (Fig. 1-bottom), IC 5117, Hen 2-447, Hen 3-1357, M 1-20, M1-61, M2-14, NGC3132, NGC6572, NGC6720, NGC6790, NGC 6881, andNGC6886.NGC6572 also shows a region of bright [O iii℄/Hα asso
iated to a bow-sho
kfeature. For this PN, we will use the type AC.
• Type DThe remaining ∼30 PNe (i.e., ∼50% of the PNe in our sample) have [O iii℄/Hαratio maps that do not show any of the e�e
ts des
ribed above, either be
ausethe ratio maps are �at, have low SNR, or show too 
omplex stru
tures.3 Dis
ussion and SummaryPNe of types A and B are well-resolved obje
ts with multiple-shell morphology.The temperature and luminosity of their 
entral stars and their nebular densitiesindi
ate that these PNe are not yet in a late evolutionary status. The o

urren
eof 
ollimated out�ows is higher among PNe of type A, while a signi�
ant fra
tionof PNe of type B exhibits FLIERs, suggestive of fast 
ollimated out�ows, althoughwith expansion velo
ities 
omparable to these of the nebular shells.PNe of type C tend to be small, but NGC2346, NGC3132, and NGC6720 havethe largest angular radii and linear sizes in the sample. PNe of type C are eitheryoung, with low (<50,000 K) Teff 
entral stars (e.g., BD+30◦3639 and I 418), orevolved, with hot, low luminosity 
entral stars (e.g., NGC3132 and NGC6720). Inboth 
ases, the ionizing �ux of these stars is not su�
ient to ionize all O in thenebula up to O++.Type D PNe is a heterogeneous group severely a�e
ted by several observationalbiases. Most type D PNe are small, with angular radii ≤4′′, and have images of lowSNR. The small size of these obje
ts is 
learly introdu
ing an observational biasin the sample, as we 
annot resolve details in these obje
ts. On the other hand,some obje
ts in this group are large and well resolved, but they have very 
omplexmorphologies (e.g., Hb 5, NGC2392, and NGC2440) whi
h are probably hiding someof the e�e
ts exhibited by PNe of type A, B, or C.Photoionization models 
an easily reprodu
e the observed [O iii℄/Hα ratio mapsof type C PNe in terms of a nebular ionization stru
ture in whi
h the O++/H+ ratiode
reases in the outermost region. However, the observed [O iii℄/Hα ratio maps oftype A and B PNe 
annot be reprodu
ed by these models, unless an ad ho
 additionalheating me
hanism working on small spatial s
ales produ
es a sharp raise in Te. Theforward sho
k of a fast out�ow propagating into a tenuous medium (type A PNe),or a dense shell expanding into a low density outer shell (type B PNe), 
an 
ausethis extra heating.To sum up, we have used HST WFPC2 [O iii℄ and Hα images of a sample of 64PNe to study the spatial variations of the [O iii℄ and Hα emissions asso
iated to thesho
ks driven by fast 
ollimated out�ows. We have 
on�rmed that the enhan
ement
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iated to PNe withfast 
ollimated out�ows. Observations of the greatest depth and spatial resolutionare needed in order to reveal these e�e
ts. Furthermore, we have found that lowvelo
ity sho
ks asso
iated to expanding shells of multiple shell PNe seem to be ableto produ
e similar e�e
ts. These results indi
ate that the dis
overy of thin skinsof bright [O iii℄/Hα ratios is not su�
ient to prove the presen
e of fast 
ollimatedout�ows, but they illustrate the 
omplexity of PNe and its suitability to studyingthe physi
s of ionized plasmas.A
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