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Discovery of 50000 K shocked gas in NGC 6888
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Abstract. We report the results of a re-analysis of KPNO-IRS spectroscopy of
30 locations in the prototypical WR shell nebula NGC 6888 (WN6 central star).
The spectra covered a 3500-7200 Awavelength range with R ~ 360 effective spec-
tral resolution. Electron temperatures for a majority of the locations were de-
rived from the [NII] AA(6548+6583)/5755 and the [0 III] AA(4959+5007)/4363
emission line ratios. Te([N lID ~ 8000 ± 2400 K for eleven locations in the north
and west parts of the shell and Te([N lID ~ 13000 ± 4000 K for five locations in
the southwest part. By contrast, the [0 III] temperatures show great variation
with location, ranging from 12000 K to 55000 K, with the highest value being
that for an [0 III] filament located to the north and outside of the ensemble of
knots defining the northern extent of the mass loaded ejecta from the star.

Using a combination of spectral 'arithmetic', shock- and photoionization
models, we demonstrate that NGC 6888 is permeated by a strong hot wind-
shocked gaseous medium (which extends outside the mass-loaded ejected mate-
rial in the north and west) that contaminates the spectrum of any given location
and must be removed to determine realistic Ts, Ns, and abundances for the
ejected material in the observed knots. For some knots, the effects are such that
the abundances obtained via naive empirical methods were found to be several
times too small (particularly for O/H) than in reality. We present a few illus-
trative examples and discuss the implications the results have on abundances
previously derived for NGC 6888, but more importantly, what these results im-
ply about the origin of temperature fluctuations in other types of nebulae which
may be influenced by stellar winds (i. e., planetary nebulae and H II regions).

1. Introduction

The observations consist of CCD imagery taken with the Palomar 60-inch tele-
scope through interference filters isolating various strong emission lines and spec-
troscopy with the KPNO 0.9m and IRS spectrograph of 30 locations selected on
the basis of ionization variations evident from the imagery. Details of the obser-
vations, reductions, and initial analyses can be found in Mitra (1990).

We re-measured selected emission lines in the IRS spectra of locations in
NGC 6888, which showed the auroral lines of [0 III] A4363 and/or [N II] A5755,
and derived new electron temperatures using the NEBULAR.STSDAS software de-
veloped by Shaw & Dufour (1995) incorporating modern atomic data.

2. Results and implications

Altogether, we measured Te from [N II] at 12 locations and T; from [0 III] at
10 locations, with 8 locations in common. In all of the common locations was
Te [NII] :::; T; [0 III] by amounts ranging from rv 3000 K to over rv 20 000 K for
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R.J. Dufour, B. Buckalew: 50000 K shocked gas in NGG 6888

Figure 1. Top: Image of the northern part of NGC 6888 made by sub-
tracting CCD images in [0 III] (coded white) and Ho (coded black). Bottom:
Part of the KPNO-IRS spectrum of the N03 filament showing the dominance
of the [0 III] lines compared to hydrogen Balmer lines.
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locations near the northern rim of NGC 6888 where the [0 III] emission ex-
tends beyond that of Ho and [N II] (cf. Fig. 1). The highest Te measured was
55 000 ± 20 000 K for the NO 3 location (cf. spectrum in Fig. 1).

These results indicate that the photoionized knots in NGC 6888 are perme-
ated by high temperature wind-driven supersonic gas which affects the spectra
of the knots and filaments by varying degrees. Therefore, this hot component
must be subtracted out of the spectra of the knots in order to derive accurate
abundances. In addition, such a differing mix of plasmas results in large temper-
ature fluctuations (t2 ~ 0.5!) at locations along the outer rim. The implication
of this phenomenon, so evident in NGC 6888, is that for planetary nebulae and
H II regions the winds from their ionizing star(s) would produce the hot plasma
responsible for significant T; fluctuations that are observed in many.
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