THE HUBBLE HELIX

Abstract:
We present HST NICMOS/NIC3 F212N H, observations of the Helix Nebula (NGC 7293) taken in parallel with the
ACS/WFC during the peak Leonid meteoroid flux in November, 2002.

5 Figure 2: Color composites between NICMOS f212 [H,] in orange, ACS f658 [Ha + N 1] in purple, and ACS f502 [O I11] in green.
Left: NICMOS position 1. Right: NICMOS position 2. Bottom: NICMOS position 3.

Figure 1: NIC3 and ACS fields are superposed on an ACS/NOAO combined mosaic of the Helix Nebula.

Introduction:

The Helix Nebula (ak.a. NGC 7293) isthe closest, ~200 +- 50 pc (Harris et al. 1996), brightest
planetary nebulawith alarge angular extent on the sky (~14¢radius at the largest extent; O’ Dell 1998; Mdin
1982), making it extremely valuable for the study of the spatial distributions of the different speciesin
nebulae. One of the striking features of this nebula are the cometary knots which point radially towards the 4 5
central star of the Helix. The Helix originated from a massive progenitor and its nebularetains a significant
amount of molecular gas that has been mapped in CO (Young et al. 1993) andinthe H, 2.12 pmline
(Speck et al. 2002) across the nebula. The H, 2.12 um emission is extremely bright and Speck et al. (2002)
have suggested that it originates in photodissociation regions (PDRs), however, others have suggested that
such emission in planetary nebulae may arisein shocks. In order to investigate the origin of the H, and the
cometary knots in the Helix, we present the results from careful reduction of the NICMOS/NIC3 F212N H,
images and compare these images with previously reduced ACS/WFC F658N Ha + [N 11] and F502N [O
111] images.

Observations/Data Reduction:

Following the prediction of alarge flux of Leonid meteoroids during the November 2002 shower,
the Hubble Space Telescope Project directed that HST be pointed directly away from the radiant during the
expected peak, so as to minimize the exposed cross-section to the meteoroids. Fortuitously, the anti-radiant
point lies within 1.3° of the Helix Nebula and the Hubble Helix Team carried out an imaging campaign on
the Helix Nebula during the nine-orbit Leonid stand-down. The data are available in the HST Archive to any
interested astronomer and the reduced ACS mosaics are available on the MAST web site
( ). Preliminary data reductions were presented by McCullough et a. (2002).

The main observations were a 3x3 mosaiced image of the Helix with ACS; however, the Helix is
large enough that the other instruments, run in parallel, collected data as well (Fig. 1). The most exciting
parallel results came from the NIC3 camera of NICMOS of which there were five pointings on the nebula.

Results:

Figure 3: NICMOS/NIC3 F212N H, images of the Helix Nebula. Pointings are as shown in Figure 1. The Blue Boxes mark regions
used to calculate the H, and Ha + [N 11] fluxeslisted in the table below.

Our NIC3 images (positions 1-5) have agreater depth and angular resolution than theimagein 1D A B c b E F G H ! J
Speck et al. (2002). The H, line emission was detected at large distances (~460@from the central star. The
emission is highly structured revealing arcs and pillars of emission that point towards the central star
(Figs. 2 and 3). This highly structured appearance contrasts with the rather smooth Ha and [Ol11] line DISTANCE®

emission in these same regions (Fig. 2). The H, line emission closest to the central star (Fig. 2, pos. 1) does [arcseconds] 168 201 269 276 350 367 348 34 429 459

have some corresponding features in the Ha and [Ol11] which shows a layered structure expected from a
PDR. For example, at location A (Fig. 3), Ha is closer to the central star than the H, emission (Fig. 2, pos
1). TheH, lineintensity in the arcs drops gradually with distance from the central star (Table) as one would H, FLUX
expect if photodissociation were the primary excitation. On the other hand, the Ha line emission and [OlII1]
show an amost flat distribution.

The striking differencesin the structures and spatial distributions of the H, and Ha line emissions
suggest that they originate from different components. Two scenarios are possible. First, the H, may arise
only in the high density knots and the Ha emission may arise only in a more diffuse and completely ionized
interclump gas region. Second, the H, may arise only in the high density, clumpy torus, that we are viewing
nearly pole-on, and the Ha arises from avery diffuse, bipolar lobe that is projected onto the H, emission. In
either case, it is clear that the structure of the cometary knots is apparent in the molecular gas, even when

7890 0.253 5.079 0.670 4.794 0643 4.058 1140 3675 0677
[105ergem2stsr ]

Ha FLUX

1064 0.894 1.206 1089 0661 0.288
[10%ergem2stsr ]

“Measured from the Central Star

the knots are not ionized. Thusit islikely that the formation of the cometary knots predates the ionization References;
front and supports suggestions that the structure of the knots were formed viaVishniac (1994) instabilities Harris H.C,, Dahn, C.C., Monet, D.G., & Pier, JR. 1996, in IAU Symp. 180,
inashock front that occurred long ago during the interacting-winds phase of this nebula. Acknowledgements: Planetary Nebulae, ed. H.J. Habing & H.JG.L.M. Lamers (San Francisco:
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