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hez�
aha.esSummary. The history of stellar mass loss of massive and intermediate mass starsis written in their wind driven-nebulae. Fast winds 
an provide an extra sour
eof heating for the thermal balan
e of the haloes of PNe and WR nebulae. The
omparison of the emission of di�erent states of ionization or di�erent emission
onditions provides a dire
t eviden
e for �nes
ale stru
ture within the halo of thenebula. In this work we present new results of 3D spe
tros
opy taken with thePMAS/PPAK Instrument for the halo of the nebula NGC 6543. The large WesternKnot in the halo of this young planetary nebula is an ex
ellent pla
e to derive newspe
tros
opi
 
onstraints in order to evaluate the role of photo-ionization as themain ex
itation me
hanism.Key words: Nebulae: planetary nebulae � Nebulae: photoionization � Nebulae:sho
k ex
itation � Nebulae: 3D spe
tros
opy1 Introdu
tionThe history of stellar mass loss is written in the extended wind-driven nebulaearound massive (WRN) and intermediate mass stars (PNe). Fast winds 
an produ
esho
k ex
itation of the interstellar medium in the haloes of PNe and WR nebulaeproviding an extra sour
e of heating for their thermal balan
e. We are performingan observational program aimed to evaluate the realisti
 impa
t on the interstellarmedium of these e�e
ts. A sear
h for possible footprints of sho
k-heated gas in theextended haloes of wind-driven nebulae has been 
arried out using deep multi-�lterimaging of a sample of WR and PNe nebulae. The 
omparison of the emissionof di�erent states of ionization or di�erent emission 
onditions provides a dire
teviden
e for �ne-s
ale stru
ture within the halo of the nebula. Subsequently, 3Dspe
tros
opy has been performed for several lo
ations of the nebulae whi
h are
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andidate to host an extra heating 
ontribution as indi
ated by our previous 2Dionization stru
ture maps.1.1 The Extended Halo of the NGC 6543 NebulaThe outer haloes are of great interest as they are presumably the remains of theoriginal stages of mass loss from the progenitor stars. While WR Ring nebulaetypi
ally show a wind-blown bubble of interstellar material, planetary nebula 
anshow extended ionized halo; NGC 6543 is a typi
al example of a well known PN halo[1, 2℄. Here we do not present a study of the 
entral parts of this well known nebula,but we are interested in the ionization of sele
ted faint (�lamentary) stru
tures andknots dete
ted in its outer halo. It has been 
laimed that the haloes of some multipleshell PNe, and in parti
ular in the 
ase of NGC 6543, 
ould be mu
h hotter thantheir respe
tive 
ore nebulae [2, 4, 5, 6℄. As shown in [5℄ that photoele
tri
 heatingis not able to reprodu
e the high ele
tron temperatures observed in the halo ofNGC 6543, 
laiming that an extra heating sour
e would be required. A 
andidatefor this extra energy sour
e is the fast wind passing the 
old �lamentary knotsobserved in the haloes of this PN. In our previous work [3℄ we have shown how theionization stru
ture of [OII℄/[OIII℄ a
ross the global nebula seems to follow the lo
usexpe
ted for models of type II PNe and HII regions. The predi
tions of the sho
kmodels used do not appear to mat
h the major part of the observations. However,a substantial part of the observed [SII℄ emission, a good tra
er of the low ionizationspe
ies, o

upies an area of the diagnosti
 diagram whi
h is out of the lo
us of thepredi
tions for PN models. It is striking how this handful of points of the halo mayshow values showing a (real) measurable di�eren
e respe
t to the rest of the points.This suggestion of our previous work needed a spe
tros
opi
 
on�rmation. In thiswork we present deep 3D spe
tros
opy of the Western Halo Knot (WHK) of thisnebula aiming to provide further 
onstraints for the thermal balan
e of the halo gas.1.2 Di�use Gas Surrounding the Western Halo KnotRe
ently [7℄ have studied the kinemati
s of the large WHK of NGC 6543. They have
on
luded that there exist gas �ows around the, otherwise kinemati
ally inert, knot.This gas is observed to be developing velo
ities 
omparable to the sound speed asthe gas is photo-evaporated o� the ionized surfa
e. These authors �nd no eviden
efor the WHK being intera
ting with a fast wind, and they suggest that this knotstru
ture was not a produ
t of instabilities in the interfa
e between the fast andthe asymptoti
 giant bran
h winds. A s
enario was proposed in whi
h the WHKis embedded in a slowly expanding red giant wind whereas its surfa
e is photo-ionized by the 
entral PNe star. We have dete
ted spe
tros
opi
ally the possible
ounterpart of this gaseous 
omponent as shown in Fig. 1, thus dis
riminating thephysi
al properties of the brighter sub-knots stru
ture a
ross the knot with respe
tto this low surfa
e brightness gaseous envelope.2 Preliminary ResultsIn this work, as an example, we present new results of 3D spe
tros
opy taken withthe PMAS/PPAK Instrument (Calar Alto Observatory, Spain) for the halo of the
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Fig. 1. This map shows the �ux of the 5007 [OIII℄ line in units of erg cm−2s−1.The solid lines delineates the iso
ontour 
orresponding to 4.5×10−14, 1×10−13,1.5×10−13 , 2×10−13 and 2.5×10−13 �ux. The sub-knots marked on the map aswell as the boundary of the knot gas (bla
k solid line) refers to the same featuresidenti�ed in [7℄. North is down and West is right. Figures 2 and 3 have the sameorientation.nebula NGC 6543. The large Western Knot in the halo of this young planetary neb-ula is an ex
ellent pla
e to derive new spe
tros
opi
 
onstrain in order to evaluatethe role of photo-ionization as the main ex
itation me
hanism. PPAK is a 3D spe
-trograph with 330 densely pa
ked opti
al �bers with a nominal spatial sampling of2.7 ar
se
onds. A total of three pointings (×3 exposures ea
h) per �eld were takenfollowing a dithering te
hnique, in order to attain a spatial sampling of 1 ar
se
. Thespe
tral dispersion of the data is 0.3 Å/pixel in high resolution, and 1.6 Å/pixel atintermediate resolution and the �eld 
overed by the data is of 1 ar
min in diam-eter. All the maps have been obtained measuring the �ux of the sele
ted emissionline in the whole 990 spe
tra of ea
h data
ube. An automated pro
edure has beendesigned to perform �ux measurements, in
luding 
ontinuum subtra
tion and error
al
ulation.Ele
tron TemperatureEle
tron temperature (Te) were 
al
ulated using the [OIII℄4363/(4959+5007) lineratio. Figure 2 shows a substantial variation in (Te[OIII]) a
ross the WHK. Te[OIII]values tend to be lower (∼ 1.4 × 104 K) in the brighter sub-knots, along the WHK,though some slight shifts between both [OIII℄ �ux and Te[OIII] extrema are noti
e-



232 David Martín-Gordón et al.able. On the other hand, the tenuous gas embedding the knots (the knot gas shownin Fig. 1) appears mu
h hotter, rea
hing values of order ∼ 2 × 104 K. The error ofthe temperature map was 
al
ulated from the signal/noise ratio obtained for ea
hindividual [OIII℄ line �ux measurement.

Fig. 2. The ele
tron temperature, Te[OIII], map derived from the ratio of the 
olli-sionally ex
ited lines [OIII℄4363/(4959+5007).Ele
tron DensityThe ele
tron density values (Fig. 3 left) derived range from the low density limit upto ∼ 600 cm−3 though some degree of stru
ture is apparent; interestingly enoughthe higher density zones do not follow the knots stru
ture seen in the [OIII℄ �ux inFig. 1; however, this density map appears to show a mu
h 
loser relation with theele
tron temperature distribution.Main ResultsA gaseous envelope around the WHK of NGC 6543 has been dete
ted and measuredusing 3D spe
tros
opy (Fig. 1). Density values range from the low density limit upto ∼ 600 cm−3 (Fig. 3 left). Ele
tron temperature shows 
onspi
uous variations,with values going from 1 to 2.5×104 K. The values of the ele
tron temperature inthe [OIII℄ zone present a mean Te[OIII]=1.91×104 K, a mode Te[OIII]= 1.65×104 Kand a standard deviation of 0.35×104 K. The di�use gaseous envelope appears to
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Fig. 3. Left: Map of the density of the WHK of NGC 6543, in the single ionizedzone, obtained from the [SII℄6717/6731 ratio. Right: Map of the reddening 
oe�-
ient, C(Hβ), of the WHK of NGC 6543 derived from the Hα/Hβ ratio assuming 
aseB re
ombination for low density (< 1000 
m−3) and an average ele
tron temperatureof 1.5×104 K.be hotter and denser than the gas of the sub-knots (Fig. 2). The average reddeningis low, presenting a smooth spatial distribution but with some degree of small s
alestru
ture (Fig. 3 right).Referen
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