


The Helix nebula is one of the best known
planetary nebulae (PNs)

- Verynear-213 p

- Mass of ionized gas
et al., 1999) and 0.07 & Stanghellini, 1994)

- Almost face-on - about 35¢9inclination
- Expansion velocity 31 Km/s (Meaburn et al., 1998)




One of the hotter and more massive.central stars in PNs.

White dwarf, Tefs= 117 =098 M, (Gorny et al., 1997)

It has been a massive star abundancies, C-rich PN
(third dredge-up must have




The structure is determined by the radiation
from the hot central star
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- H emission is observee e first four zones
- There is a sixth zone, with neutral H and molecules

- 3D structure, emission observed at any line-of-sight




ggins et al., 2002)

dense condensation of i pedded in ionized gas

Found in lower ionization reg

Maybe common in PNs

Diameter about 0.001 pc (Dyson et al., 1989)
Estimated number: 3500 (ODell & Handron, 1996)




(O'Dell, 1998)

BLUE: Hell 4686 A
(4697 A filter, 196 FWHM)

YELLOW: [Olll] 5007 A

(5019 A filter, 50 FWHM)

RED: H beta
(4876 A filter, 25 FWHM)

He** zone: blue
He"™ zone: yellow
He® zone: red

Red includes emission from all the
regions, but weighted toward low
Te regions
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(O'Dell, 1998)




Some results from images and spectroscopy
(O'Dell, 1998)

- "The ring is actually a disk’

gntral region abundant heavy
are highly ionized and have
ant optical lines, but density is
same (N(H) around 60 cm-3)

] olg of Te
JO00 K in the inner region
e0 zone)

yexplain the variation of the
®Hbeta ratio and the He/H
abundance increasing outward




(Cox et al., 1998)
5-8.5 micrometers

similar to the optical [Ol] emission

In this spectral region the nebula shows
only Hz rotational lines

12-18 micrometers

similar to the optical [Olll] emission

This spectral region is dominated by the
[Nelll] emission line

. In IR spectra even weak [Nell] and [Arlll] lines are seen.
The nebula is C-rich, but NO DUST bands are detected:
small grains have been destroyed




Free-free continuum emission in inner regions
HI 21-cm emission in the outer regions

Great similarity with H> maps

Estimated HI mass: 0.07 Mg

(Rodriguez et al., 2002 and Speck et al., 2002)




large-scale stratification and coexistence of species

es (CO and H2) are not
d in the center, but are
N inner regions containing
(nots

FLE 409 GO0

lsplacemeni from Star (are sec)

Model: inhomogeneous envelope partially destructed
by photoevaporation of original globules




CO detected with structure similar to H>
Estimated total CO mass: 0.03 Mg (Huggins & Healy, 1986)
Estimated total molecular mass: 0.025 Mg (Young et al., 1999)
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(Huggins & Healy 1986)

Two distinct kinematics components: two expanding disks




- Boffi, F.R., & Stanghellini, L., 1994, A&A, 284, 248

- Cox, P., Boulanger, F., Huggins, P.J., Tielens, A.G.G.M., Forveille, T., Bachiller, R.,
Cesarsky, D., Jones, A.P., Young, K., Roelfsema, P.R., Cernicharo, J., 1998, ApJ, 495,
L23

- Dyson, J.E., Hartquist, T.W., Pettini, M., Smith, L.J., 1989, MNRAS, 241, 625

- Gorny, S.K., Stasinska, G., Tylenda, R., 1997, A&A, 318, 256

- Harris, H.C., Dahn, C.C., Monet, D.G., Pier, J.R., 1997, in IAU Symp. 180, Planetary
Nebulae, ed. H.J. Habing & H.J.G.L. Lamers (Dordrecht: Kluwer), 40

- Huggins, P.J., & Healy, A.P., 1986, ApJ, 305, L29

- Huggins, P.J., Forveille, T., Bachiller, R., Cox, P., Ageorges, N., Walsh, J.R., 2002, ApJ,
573, L55

- Meaburn, J., Clayton, C.A., Bryce, M., Walsh, J.R., Holloway, A.J., Steffen, W., 1998,
MNRAS, 294, 201

» ODell, C.R., 1998, AJ, 116, 1346

» ODell, C.R., & Handron, K.D., 1996, AJ, 119, 2910

« ODell, C.R., & Burkert, A., 1997, in IAU Symp. 180, Planetary Nebulae, ed. H. Habing &
H.J.G.L.M. Lamers (Dordrecht: Reidel), 332

- Rodriguez, L.F., Goss, W.M., Williams, R., 2002, ApJ, 574, 179

- Speck, A.K., Meixner, M., Fong, D., McCullough, P.R., Moser, D.E., Ueta, T., 2002, AJ,
123, 346

- Young, K., Cox, P., Huggins, P.J., Forveille, T., Bachiller, R., 1999, ApJ, 522, 387




