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al narrow- and broad-band HST images and ground-basednear-IR broad and narrow band images, and long-slit opti
al spe
tros
opy. TheHST images show the presen
e of two bow-sho
k-like stru
tures along the majornebular axis, two bipolar lobes with noti
eably di�erent morphology, two brightpoint-symmetri
 knots and a round/ellipti
al halo. The near-IR images are similarto ground-based opti
al images of the nebula and show the bright knots embeddedin faint emission. Parti
ularly strong H2 emission seems to be asso
iated to thebright knots. The spe
trum reveals a low-ex
itation nebula ex
ept at the positionof the bright knots where both low-ex
itation emissions (e.g., [OI℄, [SII℄) and high-ex
itation ones (e.g., [FeVII℄, HeII, [ArV℄) are dete
ted. These results, 
ombined withthe dete
tion of water maser emission at the position of the bright knots, stronglysuggest that these knots represent the sites where pre
essing bipolar jets impa
tagainst the bipolar lobes of K 3-35. As a whole, the available data indi
ate that theformation of K3-35 appears dominated by pre
essing 
ollimated out�ows.Key words: planetary nebulae: individual (K3-35) � ISM: jets and out�ows1 Introdu
tionK3-35 is a very young planetary nebula (PN) that 
ontains a 
ompa
t 
ore fromwhi
h an in
ipient hourglass-shaped stru
ture emanates, a pre
essing bipolar jetembedded in two bipolar lobes and a dark lane that separates the lobes (Aaquist &Kwok 1989, Miranda et al. 1998, 2000). In ground-based images, two bright knotspresumably tra
e the sites where the bipolar jets impa
t against the envelope of K 3-35. This PN is the �rst one in whi
h water maser emission was dete
ted (Miranda etal. 2001). The water masers tra
e an equatorial ring and are also found in the brightknots. Considerable amounts of neutral material are inferred from the dete
tion ofHCO+ from K3-35 (Tafoya et al. 2007).In order to in
rease our knowledge of this remarkable PN, we have 
arried outan analysis of ar
hived HST images, near-IR images obtained with both broad and



242 Miranda et al.emission line �lters, and long-slit opti
al spe
tros
opy. Here we present preliminaryresults of this analysis. A more detailed work will be published elsewhere (Mirandaet al. in preparation).

Fig. 1. (left) Composite 
olour pi
ture of K 3-35 
ombining the R (red), [NII℄ (green)and I (blue) HST images. The size of the �eld shown is 6.25′′×10.12′′. (right) Near-IR images in the narrow-band �lters (indi
ated in the upper right 
orner). Thespatial s
ale is shown in the Brγ frame. Also shown is the H2 image after 
ontinuumsubtra
tion. North is up and east is to the left in all images.2 Observations and ResultsOpti
al images in the [NII℄, R and I �lters were retrieved from the HST ar
hive.Near-IR images were obtained using NICS at the Teles
opio Nazionale Galileo (Ob-servatorio del Roque de los Mu
ha
hos, ORM, La Palma) on 2003 September 19.Broad J, H and K �lters as well as narrow Brγ, H2 and 
ontinuum (Kc) �lters wereused. Exposure time was 720 s for the broad band �lters and between 1200�1800 sfor Brγ, H2 and Kc. The seeing was ≃ 0.5′′. Opti
al spe
tros
opy was obtained on2002 May 18 using ALFOSC at the Nordi
 Opti
al Teles
ope (ORM). The slit was
entered on the obje
t and oriented at position angle (PA) = 25◦; the exposure timewas 600 s. The seeing was ≃ 1′′.The [NII℄ HST image shows many details of the nebula (Fig. 1). Two bow-sho
k-like stru
tures are dete
ted at 3.3′′ from the 
enter along the major nebular axis
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 analysis of the planetary nebula K3-35 243at PA 10◦. The northern lobe presents a spindle-like stru
ture that extends fromthe northern bow-sho
k-like stru
ture down to the dark band. The southern lobeappears roundish and is not 
onne
ted to the southern bow-sho
k-like stru
ture.The bright knots in the lobes are resolved in the HST images. The NE knot presentstwo bran
hes that emanate from a 
ommon point, a fa
t also observed in the 3.6 
mradio 
ontinuum images (Miranda et al. 2001). The SW knot appears 
omposed oftwo sub-knots. Finally, a faint 
ir
ular/ellipti
al halo surrounds the brightest partsof the lobes.
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Fig. 2. (left) The slit used for spe
tros
opy overimposed on a grey s
ale represen-tation of the [NII℄ HST image of K 3-35. The four analyzed regions are indi
ated.(right) Sele
ted portions of the spe
tra of the four regions, arranged a

ording totheir relative spatial position (Region 1 at the top, Region 4 at the bottom).The narrow-band near-IR images (Fig. 1, the J, H and K images are not shownhere) show a stru
ture similar to that observed in ground-based [NII℄ and Hα images.In addition to faint emission, two bright knots 
an be re
ognized in ea
h �lter. Insome �lters (J, H, H2) the observed knots appear 
lose to the position of the opti
alknots, while in other �lters (K, Brγ, Kc) the observed knots are lo
ated 
loser tothe 
enter than the opti
al ones. In addition, the H2�Kc image (Fig. 1) shows thatparti
ularly strong H2 emission is asso
iated to the bright knots, suggesting sho
kex
itation.The spe
trum of K 3-35 (Fig. 2) reveals the existen
e of two distin
t regions inthe nebula: the outer regions (Regions 1 and 4) and the inner regions (Regions 2 and3) that 
orrespond to the NE and SW knots, respe
tively. The outer regions presentlower ex
itation than the inner ones. In the inner regions, both low ex
itation (e.g.,[OI℄, [SII℄) and high ex
itation emission lines are dete
ted. In parti
ular, HeII 4686,[ArV℄ and [FeVII℄5720,6087 emissions are dete
ted from Regions 2 and 3 but not



244 Miranda et al.from Regions 1 and 4. Figure 3 presents the spatial distribution of di�erent emissionlines along the slit. Surprisingly, all emission lines (ex
ept [NI℄) in the spe
tra ofRegions 2 and 3 peak at the same position (the bright knots) indi
ating that possiblestrati�
ation e�e
ts have not been resolved and/or that the size of the region whereall emissions arise is very small.Extin
tion in the nebula 
(Hβ) presents a systemati
 variation, being 2.55 inRegion 1, 2.67 in Region 2, 3.22 in Region 3, and 2.74 in Region 4. This result is
ompatible with the orientation of the nebula (the northern lobe pointing towardsthe observer) previously reported (Miranda et al. 1998, 2000). It is reasonable to
on
lude that the large extin
tion towards Region 3 is due to material in a tilteddense disk asso
iated to the dark band observed in the opti
al images.

Fig. 3. (left) Spatial distribution of di�erent emission lines along the slit shown inFig. 2. The origin (0) 
orresponds to the middle point the two emission maxima (NEand SW knots). NE is to the left.Ne([SII℄) is 6000 
m−3 in Regions 1 and 4 and at the high density limit (> 104
m−3) in Regions 2 and 3. Ele
troni
 temperature derived from the [NII℄ emissionlines is unrealisti
 (up to 30000K), while the [OIII℄4363 emission line 
annot be usedfor temperature estimate due to possible 
ontamination by other emission lines.
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ussion and �nal remarksPhotoionization models are able to reprodu
e many of the observed line ratios as-suming a Teff ≃ 150000 K for the 
entral star. However, the presen
e of sho
ks at theposition of the bright knots 
annot be ruled out given the asso
iation of these knotswith a large range of ex
itation, water maser emission and possible H2 emission.Our data suggest that the formation of K 3-35 may have begun with a 
ollimatedeje
tion along the present major nebular axis, whi
h 
orresponds to the bow-sho
k-like stru
tures observed in the HST image. Wobbling or pre
ession of the jet mayhave originated the spindle-like shape of the northern lobe and the formation ofthe wider bipolar lobes. The bright knots may tra
e the sites where the jet impa
tsagainst the bipolar lobes. Di�eren
es between the northern and southern halves ofthe nebula may be attributed to di�erent physi
al 
onditions in the AGB envelopeof the progenitor, to asymmetries in the pre
essing jet and/or to internal extin
tion.A
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