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I, 3700 San Martin Drive, Baltimore, MD 21218 USA (matt�mailaps.org)matt�mailaps.orgSummary. It is well known that out�ows from planetary and proto-planetary neb-ulae often exhibit axial symmetry. What is not so well understood are the departuresfrom axial symmetry, whi
h need to be investigated if we are to have a 
ompleteunderstanding of how planetary nebulae form and evolve. By measuring the depar-tures from axisymmetry for targets in the HST ar
hive, we hope to learn somethingabout how the departures are related to, and 
aused by, the physi
al and dynami
al
onditions of the nebulae and 
entral stars. Here we present some examples of di�er-ent types of departures from axisymmetry. Out of 112 PNe examined, we �nd thatapproximately two thirds of them exhibit some type of deviation from axisymmetry.Of these, 11% have an o�-
enter 
entral star, 10% have a nebula with an asymmet-ri
al brightness stru
ture, 43% are asymmetri
 in the shape of the lobes, and 26%have 
omplex stru
tures or multiple types of departures from axisymmetry that donot �t neatly into one of the previous 
ategories.Key words: PN Morphology1 Introdu
tionThe axisymmetri
 morphologies of planetary nebulae (PNe) are well known. Thesemorphologies have been 
lassi�ed and 
orrelated by Bali
k (1987, 2007), Corradi &S
hwarz (1995), Man
hado et al. (1996, 2000), Sahai et al. (2007), S
hwarz, Corradi,& Stanghellini (1993), Shaw et al. (2001), and Stanghellini (2000). Less well-studiedare the deviations from axisymmetry. Soker & Hadar (2002) 
onsidered several typesof departures from axisymmetry, although they were limited mainly to departuresin the equatorial plane. These types of departures from axisymmetry in
luded (1) a
entral star not at the 
enter, (2) one side of the nebula brighter than the other, (3)unequal size or shape of the two sides, (4) a bent symmetry axis, and (5) departuresin the outer regions, e.g., outer ar
s.Causes of departures from axisymmetry 
an be external (e.g., intera
tions withthe interstellar medium) or internal (e.g., a binary 
ompanion). The binary 
ompan-ion explanation is 
urrently popular, however that is not su�
ient to explain thedepartures in all 
ases. Approximately 50% of all PNe in Soker and Hadar's sample
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ale departure, despite only a 25-30% in
iden
e of binary 
ompanions.In the present work, 58% were found to have a departure from axisymmetry. It willbe interesting to explore what 
an be learned about PNe from the departures fromaxisymmetry. This will be espe
ially useful if the departures 
an be generalized toother types of obje
ts.2 Examples of DeparturesOne PN that shows a displa
ement of the 
entral star is IC 418 (Fig. 1).

Fig. 1. IC 418 shows a displa
ement of the 
entral star.

Fig. 2. IC 418 with an ellipse �t to the inner ring.An ellipse 
an be �t to the inner ring (Fig. 2), and in this 
ase, the displa
ementis ∆R/R = 5%.
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Fig. 3. MyCn 18 also shows a displa
ed 
entral star.Another PN with a displa
ed 
entral star is MyCn 18 (Fig. 3).An ellipse �t to MyCn 18 (Fig. 4) shows a 
entral star with a displa
ement of
∆R/R = 23%.

Fig. 4. An ellipse �t to MyCn 18.A displa
ed 
entral star is also evident in the Stingray Nebula (Fig. 5). In this
ase the displa
ement is ∆R/R =∼ 10%. The displa
ement of the 
entral star 
anbe understood from its orbital motion 
aused by the 
ompanion star. If the nebulaformed during 104 yr, the mass of the 
ompanion star is 1 M⊙, and the mass of the
entral star was also 1 M⊙ before losing mass, then the orbital period is 7.3 × 104years. The distan
e of the 
entral star from the 
enter of mass of the system is 1100AU (1.6 × 1016 
m), and the orbital velo
ity is 0.5 km s−1. During the formationof the nebula, the 
entral star moved about 1/8 of a 
ir
le (∼ 1016 
m) in its orbit,and its dire
tion of motion 
hanged by 45◦ (Bobrowsky et al. 1998).Therefore, the last mass-loss episode o

urred with an eje
tion in a di�erentdire
tion and at a di�erent lo
ation relative to the �rst one. If the expansion velo
ity
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Fig. 5. The Stingray Nebula 
ontains a 
ompanion star and a displa
ed 
entral star.is 10 km s−1, a deviation of 5% would be observed in the distan
e to the two sides ofthe equatorial plane. Di�eren
es between the two sides of the ring of gas 
an result ifeither the 
entral star has been displa
ed from its original position or if the nebularmorphology is not identi
al on the two sides. In the Stingray Nebula, there 
learlywere multiple episodes of mass loss. Other examples are found in Soker (1999) basedon the work of Ciardullo et al. (1999).Examples of a PNe 
ontaining unequal sizes and shapes of the two sides are He2-166 (Fig. 6) and He 2-459 (Fig. 7).

Fig. 6. He 2-166 has two sides with di�erent morphologies.Examples of bent PNe are He 2-180 (Fig. 8) and NGC 6886 (Fig. 9).PNe with di�erent lobe stru
tures in
lude J900 (Fig. 10) and PK 130 − 11◦1(Fig. 11).It is not yet 
lear what the explanation is for the di�erent stru
tures. Akashi etal. (2007, APN4) suggested that there might be instabilities in the outer lobes when
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Fig. 7. He 2-459 also has two sides with unequal sizes and shapes.
Fig. 8. He 2-180 appears bent.

Fig. 9. NGC 6886 is also obviously bent.a fast wind intera
ts with jets. Dennis et al. (2007, APN4) 
onsidered fragmentationof explosively laun
hed 
lumps.
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Fig. 10. J900 has di�erent stru
tures in its two lobes.

Fig. 11. PK 130 − 11◦1 is another example of a PN with di�erent lobe stru
tures.3 SN 1987A vs. PNeSN 1987A exhibits many of the same features as a PN su
h as the Hourglass nebula(see Fig. 12). Both obje
ts in
lude an inner ring and two large outer rings. In bothobje
ts there are departures from axisymmetry.Figure 13 shows diagram of the geometry of the major stru
tures (Podsiadlowski& Cumming 1994). The departure of axisymmetry is evident. Morris & Podsiad-lowski (2007) developed a model of SN 1987A in whi
h they were able to reprodu
ethe overall geometry of the major stru
tures � provided that an additional 2 km s−1velo
ity 
omponent is in
luded.It is not 
lear where the additional 2 km s−1 velo
ity 
omponent would 
omefrom. Possible sour
es in
lude a non-radial pulsational mode ex
ited during an earlyspiral-in phase or perhaps orbital motion 
aused by a more distant low-mass thirdstar in the system.
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Fig. 12. SN 1987A, like MyCn 18, has multiple ring stru
tures with departuresfrom asymmetry.

Fig. 13. Stru
ture of SN 1987A4 Con
lusionsDepartures from axisymmetry are both signi�
ant and measurable. One likely 
auseof the departures is orbital motion 
aused by a 
ompanion obje
t. This 
an giveexpelled mass additional velo
ity in the dire
tion of the orbital motion. In the futurewe hope to generalize the dis
ussion to other types of obje
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