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OPTICAL-IR ECHELLE SPECTROSCOPY OF NGC 6302
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RESUMEN

Espe
tros
op��a e
helle de [SiVI℄ 1.96 �m, [MgVIII℄ 3.03 �m, y [ArVI℄ 4.53 �m, usando el teles
opio

UKIRT+CGS4, muestra que los per�les de las l��neas en NGC 6302 son sen
illos y no est�an resueltos a�un


on R � 20 000; los an
hos de las l��neas son menores que 22 km s

�1

. La estrati�
a
i�on espa
ial y en velo
idad,


omo fun
i�on del poten
ial de ioniza
i�on, pone en eviden
ia la estru
tura de fotoioniza
i�on. Pero una variedad

de modelos 
on gradientes de densidad y temperatura reprodu
en el espe
tro igualmente bien. El an�alisis pre-

liminar del e
helograma de NGC 6302, entre 3000 y 10000

�

A, adquirido 
on R � 80 000 usando el VLT+UVES,


on�rma la estrati�
a
i�on nebular, pero da resultados intrigantes en lo que se re�ere a los per�les de la l��neas:

[NeV℄ 3426

�

A es m�as an
ha que [Ne iv℄ 4723

�

A. Estas observa
iones des
artan la existen
ia de una 
avidad

va
��a o una burbuja 
aliente, al menos a es
alas de 1

00

y 3 km s

�1

. Nosotros no 
on�rmamos las alas an
has

en [NeV℄ 3426

�

A reportadas por Meaburn & Walsh (1980).

ABSTRACT

E
helle spe
tros
opy of [SiVI℄ 1.96 �m, [MgVIII℄ 3.03 �m, and [ArVI℄ 4.53 �m, using UKIRT+CGS4, shows

the line pro�les in PN NGC 6302 are singly peaked and unresolved even at R � 20 000, with line widths less

than 22 km s

�1

. A photoionized stru
ture is eviden
ed by spatial and velo
ity strati�
ation as a fun
tion of

ionization potential. But a variety of models, with density and T

e

gradients, reprodu
e the spe
trum equally

well. Preliminary analysis of the 3000{10000

�

A e
hellogram of NGC 6302, a
quired at R � 80 000 using

VLT+UVES, 
on�rms the strati�ed nebular stru
ture, but yields intriguing results 
on
erning the line pro�les:

[NeV℄ 3426

�

A is broader than [Ne IV℄ 4723

�

A. These observations rule out the existen
e of an eva
uated 
avity,

or hot bubble, at least on 1

00

and 3 km s

�1

s
ales. We do not 
on�rm the broad wings in [NeV℄ 3426

�

A reported

by Meaburn & Walsh (1980).

Key Words: DUST, EXTINCTION | INFRARED: ISM | ISM: LINES AND BANDS | PLANETARY

NEBULAE: INDIVIDUAL (NGC 6302)

NGC 6302 is the highest ex
itation planetary

nebula (PN) known, with emission from a broad

range of ionization stages, up to [Si IX℄ 3.94 �m.

Fast 
ows, as inferred from broad wings almost

1000 km s

�1

in total width, have been dete
ted

in [Ne v℄ 3426

�

A (a

ounting for �1/3 of the line


ux, Meaburn & Walsh 1980). But Ashley & Hy-

land (1988) indire
tly showed that [SiVI℄ 1.96 �m is

< 30 km s

�1

. Here we report on opti
al/IR e
helle

spe
tros
opy of the 
ore of NGC 6302, aimed at un-

derstanding the physi
al 
onditions in the 
oronal

region (tra
ed by ioni
 spe
ies produ
ed by radia-

tion harder than �100 eV).

We 
ondu
ted infrared e
helle spe
tros
opy of

NGC 6302 with UKIRT and CGS4 at R = 20 000

in Br
 and the 
oronal lines [SiVI℄ 1.968 �m,

[MgVIII℄ 3.028 �m and [ArVI℄ 4.528 �m (Casassus,

Ro
he, & Barlow 2000, hereinafter CRB). The in-
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frared line pro�les are unresolved, and < 22 km s

�1

FWHM for [MgVIII℄ (see Table 3 in CRB). The spa-

tial information for the two slit positions, along the

bipolar axis and along the bipolar waist, both show


entrally peaked 
ux distributions. In fa
t, a pho-

toionized stru
ture is eviden
ed by spatial and ve-

lo
ity strati�
ation as a fun
tion of ionization po-

tential (IP), 
onsistent with a CLOUDY (Ferland

1996) model for a homogeneous nebula ex
ited by

a 250 000 K 
entral star. In this pi
ture, the velo
-

ity strati�
ation stems from the 
oronal lines being


on�ned to the 
ore of an expanding nebula, with a

velo
ity in
reasing with radius. Thus the IR e
helle

observations point at a �lled-in nebula, at resolu-

tions of 1.5

00

and 10 km s

�1

, and fail to dete
t any

signi�
ant fast wind (see CRB for upper limits on

the broad wings 
uxes).

An important 
hara
teristi
 of the 
oronal region

in NGC 6302 is that it is dusty: Fe, Al, Ti and Ca are

strongly depleted, even when inferred from 
oronal

lines (e.g., [AlVI℄ 3.66�m, see CRB and referen
es

therein). Binette & Casassus (1999) investigated the

132
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Fig. 1. Normalized line pro�les from the 
ollapsed slit

along the bipolar axis, as a fun
tion of velo
ity in km s

�1

.

non-uniqueness of nebular models for NGC 6302, for

plane parallel and spheri
al geometries. The in
lu-

sion of dust grains in the nebular models bears strong


onsequen
es on the density and temperature pro-

�les, and a variety of models reprodu
e NGC 6302's

spe
trum. Parti
ularly interesting is the broad range

of ele
troni
 temperatures, varying from 70 000 K to

20 000 K as a fun
tion of depth. Apart from rep-

resenting an interesting test-bed for nebular mod-

els, the physi
al 
onditions in NGC 6302's 
ore are


ru
ial for understanding its shaping and ex
itation

me
hanisms, but are still poorly 
onstrained.

The 3000{10 000

�

A e
hellogram of the 
ore of

NGC 6302, a
quired with VLT+UVES at R >

80 000 for two slit positions, along the bipolar axis

(a
ross the brightest point to the radio 
ore and 3

00

past), and along the dust lane a
ross the radio 
ore

(G�omez, Rodr��guez, & Moran 1993), ea
h 10

00

long,

brings additional information. Figure 1 shows se-

le
ted line pro�les for the 
ollapsed slit (along the

bipolar axis). The stru
ture in the [Ne III℄ 3869

�

A

pro�le is repeated for [Ne III℄ 3968

�

A, and is probably

due to variations in the physi
al 
onditions along the

slit and in velo
ity spa
e, while its width is 
onsis-

tent with strati�
ation in IP. However, [NeV℄ seems

broader than [Ne IV℄. The asymmetry in [NeV℄ and

[Ne IV℄ is repeated in other line pro�les, but not in

He II lines, whi
h suggests the red tail is a feature re-


e
ting varying physi
al 
onditions, and not the a
-

tual ioni
 distributions. It is noteworthy that [NeV℄

la
ks any broad wings|thus we do not 
on�rm the

measurement by MW80 (this holds for the two slit

positions).

Why is [NeV℄ broader than [Ne IV℄? The spatial

information along the slit, shown in Figure 2,

indi
ates [Ne IV℄ is not as extended as [NeV℄, 
onsis

tent with a photoionized nebula: [NeV℄ seems to

S. Casassus: Departamento de Astronom��a, Universidad de Chile, Casilla 36-D, Santiago, Chile (simon�das

.u
hile.
l).

Fig. 2. Normalized tra
es along the bipolar axis as a

fun
tion of o�set along the slit, in ar
se
. Note the en-

han
ed extin
tion due to the dust lane at o�sets 4

00

{8

00

.

be slightly more 
entrally distributed than [Ne IV℄.

For an expanding nebula, [Ne IV℄ should be broader.

It is possible to spe
ulate that the velo
ity �eld is

de
elerated a
ross the NeV and Ne IV regions, or

that T

e

in
reases signi�
antly 
loser to the 
entral

star. Resolving this question is postponed to a more

thorough analysis of the e
hellogram.

The line pro�les observed so far in NGC 6302

have brought intriguing information. It has been ar-

gued that the bipolar shape is the result of intera
-

tion between a fast stellar wind and the surrounding

AGB eje
ta. In the 
ase of NGC 6302, there is no

sign of the 
orresponding eva
uated 
avity (or hot

bubble), as shown in the IR e
helle frames in CRB.

The e
hellogram frames, with the slit oriented along

the dust lane, also show 
entrally peaked brightness

distributions in velo
ity-o�set spa
e, for the highest

ex
itation spe
ies. These observations argue against

a fast stellar wind playing an important role in shap-

ing bipolar PNe|although the information on the

Ne line widths la
ks a solid interpretation.
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