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RESUMEN

Presentamos un conjunto de im�agenes�o pt icas e infrarrojas combinadas con
espectros de rendija larga de mediana y alta dispersi�o n de la Nebulosa Planetaria
(NP) del sur NGC 5189. La compleja morfolog��a de esta NP es desconcertante y
no hab��a sido estudiada en detalle hasta ahora. Nuest ra invest igaci�o n revela la
presencia de un toroide denso y fr��o, en el infrarrojo, el cual probablemente gener�o
uno de los dos 
uj os bipolaresvistos en el �o pt ico y podr��a, mediante un proceso de
interacci�o n, ser tambi�en responsable de la apariencia retorcida del toroide �opt ico.
Los espectros de alta resoluci�o n del MES-AAT muestran claramente la presencia de
nudos y est ructuras �l amentosas, as�� como tres burbujas en expansi�o n. Nuest ros
hallazgos sugieren que NGC 5189 es una NP cuadrupolar con varios conjuntos de
condensacionessim�etricas en la cual la interacci�o n de 
uj os determin�o su compleja
morfolog��a.

ABSTRACT

We present a set of opt ical and infrared images combined with long-sli t ,
medium and high dispersion spectra of the southern planetary nebula (PN)
NGC 5189. The complex morphology of this PN is puzzling and has not beenstud-
ied in detailed so far. Our invest igat ion reveals the presenceof a new dense and
cold infrared torus (alongside the opt ical one) which probably generated one of the
two opt ically seenbipolar out 
o ws and which might be responsible for the twisted
appearance of the opt ical torus via an interaction process. The high-resolut ion
MES-AAT spectra clearly show the presenceof �l amentary and knott y st ructures
as well as threeexpanding bubbles. Our �ndi ngs therefore suggest t hat NGC 5189
is a quadrupolar nebula with mult iple sets of symmetrical condensat ions in which
the interaction of out 
o ws has determined its complex morphology.

Key Words: planetary nebulae: individual (NGC 5189)

1. INTRODUCTION

NGC 5189 (PK 307-03� 1, PN G307.2� 03:4, He
2� 94) belongs to a group of bipolar planetary nebu-
lae that exhibi t more than onebipolar st ructure. Ex-
amplesof objects in this classare NGC 2440(L�o pez
et al. 1998), NGC 6302 (Meaburn et al. 2008),
NGC 6309(V�a zquez et al. 2008, NGC 1514(Aryal,
Rajbahak, & Weinberger 2010) and NGC 6644(Hsia

1Based on observat ions obtained with the Swope and du
Pont t elescopes at Las Campanas Observatory and archival
material from the Gemini Observatory and NA SA/ IPAC In-
frared Science Archive.

2 Inst it uto de Ast ronom��a, Universidad Nacional Aut �o -
noma de M�exico, Ensenada, B. C., M exico.

3 Inst it uto de Ast ronom��a y M eteorolog��a, Departamento
de F��sica, CUCEI, Universidad de Guadalajara, Guadalajara,
Jal., M exico.

et al. 2010). These objects represent part icularly
interest ing cases of study as they show morphologi-
cal signaturesof episodic massout 
o ws, most likely
emerging from a precessing source. This type of phe-
nomenon is receiving increasing att ent ion in the li t -
erature, and is found not t o be rest ricted to PNe
with bipolar morphologies. The point symmetric
IC 4634 (Guerrero et al. 2008) and the ellipt ical
Fleming 1 (PN G290.5+07.9) (L�o pez, Meaburn, &
Palmer 1993) are examplesof objects that have been
discussed under assumpt ions of episodic, symmetric
out 
o ws with a precessing symmetry axis. In the
case of ellipt ical PNe, instead of mult iple lobes one
�nds twisted st rings of ansae and condensat ions de-
lineat ing the presumed precession of the symmetry
axis. Theoretical models like those of Soker & Livio
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TABLE 1

PHYSICAL PROPERTIES OF NGC 5189AND
ITS CENTRAL STAR

Property Value

Type PN Ia , II ab

Distance (kpc) 0.88c , 0.90d , 0.55e, 0.70f , 0.54l

c(H� )B alm er 0.65a , 0.85l

c(H� )R adio 0.56a , 1.83l

S� (5 GHz) (mJy) 455c , 507l

� d iam (00) 140c , 163:4 � 108:2j

Te([O III ]) ( 104 K) 1.31� 0.05a

Ne([SII ]) ( cm� 3) 390� 60a , 200{900i , 1000l

Te� (K ) 135� 103k

Stellar Type [WC 2]g , [WO I]h,i (O VI seq.)
log (L ?=L � ) 2.9� 0.5k

References: aKingsburgh & Barlow (1994), b Quireza,
Rocha-Pinto, & Maciel (2007), cZhang (1995), d Tajit su
& Tamura (1998), ePhilli ps (2004), f Maciel & Kop-
pen (1994), gMendez (1991), h Miszalski et al. (2009),
i Polcaro et al. (1997), j Tylenda et al. (2003), k Althaus
et al. (2010), l Hua, Dopita, & Mart inis (1998).

(1989, 1994), based on close binary systems com-
binedwith a precessing systemic axis, describeone of
the plausible scenarios under which such condit ions
may occur. The implicat ion of magnetic �el dsshould
not be discarded as magnetohydrodynamic (MHD)
models such as those by Garc��a-Segura et al. (1999)
were able to reproduce the colli mated out 
o ws (or
jets) observed, by coupling magnetized winds and
stellar rotat ion.

Philli ps & Reay (1983) have pointed out the
interest ing st ructure of NGC 5189 which they de-
scribe at �r st sight as \ highly chaot ic". In their
electronographic narrow band imagesthey ident i�ed
�v e pairs of condensat ions or ansae (low-ionizat ion
st ructuresfollowing Gon�calves, Corradi, & Mampaso
2001) symmetrically dist ributed with respect to the
central star (CS) at di� erent posit ion angles. The
authors infer the occurrence of mult iple mass loss
events with a changeof orientat ion in t ime to explain
the observed patt ern. And to account for the pre-
cessing phenomenon, they suggest t he presenceof a
binary system(sheltering theprecessing central star)
with a few days period. To our knowledge no binary
companion has beendetected so far in NGC 5189.

Reay, Atherton, & Taylor (1984) used awide �el d
imaging Fabry-P�erot system to obtain a bidimen-
sional li ne pro�l e map of NGC 5189. By this mean
they derived the kinemat ics of two potent ial pairs
of ansae and their results indicate low to medium

velocit ies. Indeed, the �r st pair, which corresponds
to the smallest and closest (t o the CS) condensa-
t ions as de�ned by Philli ps & Reay (1983), is de-
scribed as an inner ring with an expansion velocity
of 25.3 km s� 1 (radially, from the CS). The radial
velocit iesof the second more distant pair of ansae to
the CS following Philli ps & Reay (1983) have been
derived as �j 8j km s� 1.

Despite its signi�ca nt asymmetry, NGC 5189has
not been extensively studied from a morphologi-
cal point of view; the main informat ion collected
is gathered in Table 1. Also, in this paper we
present unpublished opt ical imaging data, medium-
and high resolut ion spectra as well as newly ana-
lyzed infrared imagesfrom the Midcourse SpaceEx-
periment ( MSX ; Price et al. 2001) and the recent
Wide-�el d Infrared Survey Explorer (WISE; Wright
et al. 2010) surveys. The combinat ion of datasets
will help us to analyze in detail the morphological
st ructure of the PN.

2. OBSERVATIONS AND RESULTS

2.1. Optical Imaging

A set of imagesof NGC 5189was obtained at Las
Campanas Observatory (LCO, Chile) on the 1.0 m
Swope telescope in May 1990, with a Texas Inst ru-
ments (TI# 1) CCD detector. The e� ective scale is
0.435 arcsec/pixel corresponding to a nominal �el d
of 5.8 square arcmin. The interference �l ters were
centered on H� � 6563 (� � ' 78 �A), [O III ] � 5007
(� � ' 70 �A), [SII ] � 6724 (� � ' 76 �A) and HeII
4686 (� � ' 70 �A) with exposure t imes of 600 s
(H� and [O III ]), 900 s and 1200 s, respectively.
The images, presented in Figure 1, were t rimmed
to 800� 800 pixels and reducedwith the standard
ir af 4 methods.

The [O III ] frame (and to a lesser extent t he HeII
one) in Figure 1 perfectly delineates the highly ex-
cited mult iple out 
o ws indicat ing the complex mor-
phology, while the H� +[ N II ] and [SII ] frames un-
derline the central part and borders of NGC 5189.
Figure 2 presents the three likely out 
o ws seen in
NGC 5189(well ill ust rated in the [O III ] image) and
numbered 1, 2, and 3, orientated at t he respective
posit ion angles(PA) of 90� , 37� and 141� and the re-
spective associated pairs of colli mated out lows A1{
A2, B1{B2 and C1{C2. The existence of a fourth
out 
o w (numbered 4 on Figure 2) at PA 10� is less

4 IRAF is dist ributed by the Nat ional Opt ical Ast ronomy
Observatory, which is operated by the Associat ion of Univer-
sit ies for Research in Ast ronomy (AU RA) under cooperat ive
agreement wit h the Nat ional Science Foundat ion.
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HeII[SII]

[OIII]
Ha+[NII]

Fig. 1. Logarithmic scale images of NGC 5189in H� + [N II ], [O III ], [SII ] and He II taken with the 1.0 m Swope telescope
at LCO. North is up and east is left in a � eld of view of ' 3:07 � 3:00.

clear, as only the `polar' caps of the probable ejec-
t ions are seen (D1 and D2). This case will be dis-
cussed later in the art icle. All the bipolar st ructures
are emerging from the same geometric center related
to the central star. The condensat ions or ansae de-
�ned by Philli ps & Reay (1983) which include the
opposite st ructuresnamed B1, B2, and C by Reay et
al. (1984) are clearly ident i�ed in our images (and
part icularly in the image rat io H� (+[ N II ])/ [O III ],
Figure 3) and correspond to the t ips of the axes 1
and 4 (A2, D1, and D2). The H� (+[ N II ])/ [O III ]
frame, which t races the excitat ion condit ions, also
shows that t he high excitat ion st ructuresare mainly
related to the central toroidal-like belt and the outer
edges of NGC 5189. It is also interest ing to not ice
from the imagerat io in Figure3 that t he [O III ] emis-
sion is globally enclosed in this H� +[ N II ] `nested
bubble' and seems to form a bipolar st ructure whose
waist is coincident with axis 4 and whose long axis
is coincident with axis 1. The [SII ] emission is dis-
t ributed similarly to that of H� +[ N II ] and from Fig-
ure 3 (t op and bott om right) , it appears that t he
st ring of knots forming the outer edges(t he opposite

north-west and south-east rims), may in fact re
ect
a discont inuity in the high excitat ion outer shell of
the PN. The poly-symmetric st ructure of NGC 5189
is clearly related to its dynamical evolut ion. A sig-
nature of this dynamical process are the dark lanes
well seen in between knots of the south-east outer
rim in the non-inverted H� and [SII ] images.

All i mages in Figure 1 clearly show the presence
of a knott y central toroidal st ructure with a ma-
jor axis size of about 7800and a PA of � 62� . This
st ructure seems 
a tt er, tending more towards a disk
descript ion, with radial �l aments emerging from its
outer border. This torus/ disk seems also to be
slight ly twisted. Several colli mated cometary knots
are located in NGC 5189 and are well seen in Fig-
ure 4. Those knots suggest t he interaction of the
stellar wind and photoionizing 
ux with the nebular
material.

2.2. IR imaging

The dust and molecular content of PNe has of-
ten been used as a morphological t racer in the in-
frared wavebands (e.g., Philli ps & Ramos-Larios
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1

2

34

B1

C1

D1

A1

C2

B2

D2

A2

Fig. 2. Location of out 
 ows in the PN NGC 5189. The dashed line indicates a possible fourth eject ion axis.

2008; Ressler et al. 2010; Ramos-Larios, Guerrero,
& Miranda 2008). We present Near-, Mid-Infrared
(NIR and MIR) and H2 images of NGC 5189. In
Figure 5 we show the D-band (14.65 � m) image
of the MIR MSX as well as a composite image of
the data bands A, D, and E at t he respective wave-
lengths 8.28 � m, 14.65 � m and 21.34 � m. The re-
spective 
ux esare 0.216 Jy at 8.28 � m, 1.029 Jy at
14.65 � m, and 1.635 Jy at 21.3 � m, with respective
quali ty 
ux of 3, 2 and 1 (i.e., good, fair and limit ;
Egan et al. 2003). The spat ial resolut ion of ' 18:003 of
the Spat ial Infrared Imaging Telescope, which gath-
ered the MSX data, allows us to dist inguish a dusty
st ructure which is found to be coincident with the
torus and some parts of the outer borders of the PN
when compared to an opt ical image. From the MSX
data, mainly the D band, it is clear that t he dust is
not uniformly dist ributed, with more material in the
southern side of the toroid than in its northern side.
But this e� ect could be due to the projection of the
toroid.

WISE images, from the preliminary cata-
logue and image at las, were retrieved from the
NASA/ IPAC Infrared Science Archive (IRSA).
WISE is a NASA Explorer mission that surveys the
ent ire sky at wavelengths of 3.4, 4.6, 12, and 22 � m

(W1 through W4, respectively). An advantage of
WISE is its angular resolut ion, better than that of
MSX, with 6:001, 6:004, 6:005 and 12:000 at 3.4, 4.6, 12, and
22 � m respectively.

Figure 6 (t op-left) shows a 3-color image of
NGC 5189 using the 3.4 � m (blue), 4.6 � m (green)
and 12 � m (red) [close to the MSX D band] where
we immediately not ice a bright X-shaped st ructure
which also seems to display much fainter ansae.
The peculiar cent ral morphology is well seenat t he
largest wavelengths, i.e., in the W3 and W4 wave-
bands (12 and 22 � m, where the derived magnitudes
are the brightest , with 5.7 mag and 2.0 mag respec-
t ively), which allow us to measure an opening angle
of ' 59� between both arms which also have nearly
the same length (' 7000 for the arm A and ' 7300 for
the arm B). By comparing the WISE and opt ical
morphologieswe can appreciate the dusty nature of
NGC 5189 with the 12 � m (and 22 � m) emission
perfectly covering the whole nebula and coinciding
with its opt ical edges. While the arm A is fully co-
incident with the opt ical torus, the arm B does not
show any obvious opt ical counterpart , i.e., there is
no other visible opt ical torus.

Finally, in order to est imate the dist ribut ion of
molecular material in NGC 5189 we have retrieved
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Ha/[SII]Ha/[OIII]

Bright
lanes

Ha/[OIII]

Fig. 3. Top: Image ratio using the H� , [O III ] and [SII ] � lters and a closer view of the knots alignment in the bottom
right frame (zoom of top right frame). In each image ratio, black regions refer to high ratios, white regions refer to low
ratios. Bottom left : Highlighted contours of the high excitation zones (condensations) in the H� /[ O III ] image. The
[O III ] emission is mainly concent rated inside the H� + [N II ] nested bubble. Bottom right : Dark lanes which appear as
bright paths in the inverted image. The color � gure can be viewed online.

the H and K s data from the 2MASScatalogue and
followed the prescript ion by Ramos-Larios, Kemp,
& Philli ps (2006) t o infer the H2 dist ribut ion in the
nebula. Theresultant map is shown in Figure6 (bot -
tom left and right) which we compare to the opt i-
cal (H� +[ N II ]) image. The results indicate that t he
molecular emission is mainly concentrated in the op-
t ical torus and there is some indicat ion that H2 is
also found in the nebula's edgesand part icularly at
the locat ions of the northern and southern cometary
knots. The latt er is in agreement with the molecular
H2 content generally found in this kind of st ructures.

2.3. Kinematics

Longsli t spectra were obtained with the mod-
ular spectrometer on the 2.5-m du Pont t elescope
at LCO in June 1990. The spectrometer was used
with its 200-mm camera combined with a CRAF
CCD 1024� 1024 pixels, with 12 � m/ pixel size. A
1200lines/ mm grat ing was used to cover thespectral

range from ' �� 6290{6805�A. The inst rumental com-
binat ion yields a spectral resolut ion of ' 2 FWHM in
pixels (linear dispersion of 0.479 �A/ pixel) and a spa-
t ial resolut ion along the sli t of 0.292 arcsec/pixel. A
sli t width of 100and 14900 long was set. The spectra
were 
a t -�el ded and wavelength-calibrated against
separate exposuresof a quartz and neon arc, respec-
t ively. Two exposures were obtained, one of 1200 s
along SE-NW axes and the other one of 1000 s, at
the same posit ion angle PA=329� , but shifted 36:006
to the west ( Figure 7).

The medium resolut ion spectra allow us to visu-
ally dist inguish variat ions in shape along each spec-
t ral li ne and velocity patt erns. With a spectral
dispersion of 0.479 �A/ pixel over the spectral range
yielding a resolut ion of 21.8 km s� 1/ pixel, we were
able to est imate theradial velocit iesalong NGC 5189
at t he two sli tsposit ions using thebright [N II ] � 6583
line, adopt ing a rest wavelength � lab = 6583:454 �A.
The accuracy on the wavelength calibrat ion is about
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Fig. 4. Image of NGC 5189 processed with PixInsight underli ning with unprecedented depth the detailed st ructures of
the PN. The northern and southern caps (left and right bottom panels respect ively) are maily composed of cometary
knots. Credit : Juan Conejero with original raw data from the Gemini Science Archive (H� : orange, [O III ]: blue and
[SII ]: red). The color � gure can be viewed online.

Fig. 5. From left t o right ( north is on the top and east on the left) : (i) MSX 3.5 arcmin2 IR image and contours of
NGC 5189 in D band (14.65 � m). (ii ) Contours of the MSX Band D emission overlaid on an opt ical imageof NGC 5189.
The IR emission matches the toroidal st ructure around the cent ral star. (iii ) Composite image of threeMSX bands (A:
red, D: green, and E: blue). The color � gure can be viewed online.

4 km s� 1. As none of the sli ts pass through the
locat ion of the central star of the nebula, we can-
not directly est imate thesystemic velocity. However,

this informat ion was provided through our high res-
olut ion spectroscopy data (seebelow) which yielded
a systemic velocity Vlsr of � 13:3 � 1 km s� 1. Fig-
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B

A

Fig. 6. Infrared imaging analysis of NGC 5189. Top left and right : Composite image of NGC 5189 using the 3.4 � m
(blue), 4.6 � m (green) and 12 � m (red) and highlight ing the cent ral X-shaped st ructure. The contours of the 12 � m
emission are overlaid on a H� + [N II ] image in the next image. Bottom left and right : H2 map of NGC 5189 obtained
with the 2MASS H and K s broad bands. The contours overlaid on a H� + [N II ] indicate that the main opt ical torus is
also emitt ing in molecular hydrogen. Other external st ructures such as the cometary knots and some parts of the edges
are also emitt ing in this band. The color � gure can be viewed online.

ure 7 shows the velocit ies at di� erent points of the
PN and although we only have the velocity patt ern
along the two sli ts, we can give an overall descript ion
of the kinemat ics considering NGC 5189 as a large
but ter
y -type (underlined by the external contours).
Indeed, in accordance with Figure 7 it t herefore ap-
pears that globally thenorthern part of the \opt ical"
torus isblue-shifted (with negat ivevaluesof � 20 and
� 25 km s� 1) while the southern part is red-shifted
(with mainly the posit ive velocity +33 km s� 1), giv-
ing us the orientat ion of inclinat ion (Figure 8). And
as one would expect (by a pure geometrical e� ect
in an expanding axisymmetric nebula), the southern
lobe of the but ter
y envelope, is mainly blue shifted
(Figure 7 indicates mainly negat ive velocit ies down
to � 44 km s� 1), while its northern counterpart is

red shifted (with a majority of posit ive valuesup to
+53 km s� 1). The large scale kinemat icsof the neb-
ula is in agreement with the resultsobtainedby Reay
et al. 1984).

In addit ion to the LCO spectra long-sli t high res-
olut ion spectra, better suited for kinemat ic work,
were obtained with the Manchester Echelle Spec-
t rometer (MES; Meaburn et al. 1984) on the
3.9 m Anglo-Aust ralian telescope (AAT). The obser-
vat ions, performed on 1997April 14with a Tekt ronix
CCD with 1024� 1024rows of 24 � m square pixels,
were obtained with a 100�A wide �l ter containing H�
and the [N II ] �� 6548, 6584 �A emission lines. The
spectral dispersion of ' 0.05 �A/ pixel over the spec-
t ral range yielded a resolut ion of 11 km s� 1/ pixel
through a sli t of width 150 � m. The total sli t cov-



©
 C

op
yr

ig
ht

 2
01

2:
 In

st
itu

to
 d

e 
A

st
ro

no
m

ía
, U

ni
ve

rs
id

ad
 N

ac
io

na
l A

ut
ón

om
a 

de
 M

éx
ic

o

172 SABIN ET AL.

+29

+38
+24

+11
+53
-11

+41

 -25

-8
+22

-29
-28

+6

+27-3

-9
-44

+33

+27
-20

+46
+43

+2

xx

xx

xx

xx

xx

xx

xx

xx xx

xx

xx

xx

xxx

xxx

xxx

xxx

xx

xx

xx

xx

xxx

xxx

xxx

xxx

xx

xx

xx

xx

xxx

xxx

xxx

xxx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xxx

xxx

xxx

xxx xx

xx

xx

xx

xxx

xxx

xxx

xxx

xx

xx

xx

xx

xxx

xxx

xxx

xxx

xx

xx

xx

xx

xx

xx

xx

xxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

Fig. 7. Radial velocit ies along the LCO sli t s relative to the systemic velocity, with an accuracy of ' 4 km s� 1 .

erage is composed of 3 exposuresof 1200s each, all
at posit ion angle PA=61� , and at opposite locat ions
respective to the central star and the torus long axis
(Figure 9). The CCD was binned by two in the
spat ial direction, giving 512 � 0:3200/ pixel. These
spectra are available in the SPM Kinematic Cata-
logue of Galactic Planetary Nebulae5 (L�o pez et al.
2012). The st ructure of the line pro�l es, presented
in Figure 10, is outstanding and re
ect s the highly
�l amentary and knott y st ructure of NGC 5189. Sim-
ilarly to the LCO spectra, the di� erent velocit ies
obtained with the MES spectra were derived using
the bright [N II ] � 6584 �A emission line. We iden-
t i�ed a systemic velocity Vlsr of � 13:3 � 1 km s� 1

(Vhel = � 6:8� 1 km s� 1) which is comparable to the
velocity derived by Schneider et al. (1983) within
their error bar.

We also obtained the following maximum expan-
sion velocit ies: � V = 35 km s� 1 in the north-west
lobe (sli t a), � V = 33 km s� 1 in the central region
(sli t b) and � V = 44 km s� 1 in the south-east lobe
(sli t c). Interest ingly, these velocit ies do not show
extreme values as would suggest t he complex mor-
phology.

5http://kincatpn.astrosen.unam.mx .

TABLE 2

VELOCITY POINTS FROM THE AAT-MES
SPECTRAL DATAa

Sli t A Vl sr Sli t B Vl sr Sli t C Vl sr

A1 + 27 B1 + 32 C1 � 28
A2 + 40 B1' � 34 C2 � 27
A2' � 26 B2 � 20 C2' + 13
AA + 11 B2' + 27 CA � 35
AB � 5 BA � 12 CB � 46
AB' + 14 BB � 13 CC � 10
AC + 52
AD + 26

aCalculated with a LSR corrected systemic veloc-
ity of � 13:3 km s� 1 and the spect ral emission line
[N II ] � 6583:454 �A. The error on the measurement is
' 1 km s� 1 .
Thedata points with (' ) indicatea zoneof expansion and
correspond to the velocit ies measured using the faintest
part of this expansion.

The MES-AAT spectra are posit ioned at ' 92�

with respect to those of the LCO and provide the
same global kinemat ic informat ion related to the
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Fig. 8. Global kinemet ical evolut ion of NGC 5189based on the velocity measurements from the LCO and MES spect ra.
The blue components are blue-shifted and the red ones are red-shifted. The \m odel" was realized using the morpho-
kinematical tool Shape (Ste� en & L�opez 2006). The color � gure can be viewed online.

evolut ion of the main st ructures, as it can be seenin
Figure 8. Figure 9 presents the detailed kinemat ics
of several zoneswithin NGC 5189(cf. Table 2). The
velocit ies of the st ructures belonging to the central
torus at opposite sides (points BA and BB) evolve
at pretty much the same rate with relat ive Vlsr val-
ues of � 12 and � 13 km s� 1 respectively, similar to
the systemic velocity. The torus is moving homoge-
neously towards usand therefore would not have the
\ warped" characterist ics where one would expect to
see an equally st rong red-shifted side. The higher
velocit ies at t he expanding points B1 (+32 km s� 1

and � 34km s� 1 ) and B2 (� 20km s� 1, +27 km s� 1)
could be the result of the dynamic mot ions of st ruc-
tures which come across the torus. The cometary
knots in the northern and southern parts of the neb-
ulae (points AA and CC respectively aligned with
axis 4 in Figure 2) show roughly the same velocit ies
with +11 and � 10 km s� 1 respectively. Finally, the
zonesof NGC 5189located on the [N II ] rich but ter-

y edges (see Figure 3 top-left) have been studied
(points CA, CB and C1 on the south-east and A1,

AC and AD on the north-west) and they globally
show the same larger velocit ies. Thus, the mean ve-
locity of the components of the \southern lobe" is
'� 36 km s� 1 while the mean velocity of the com-
ponents of the \northern lobe" is ' +35 km s� 1.

3. DISCUSSION AND CONCLUSION

A detailed study of the seemingly complex st ruc-
tureof NGC 5189has revealed apoly-polar morphol-
ogy. The main �ndi ngs are discussed below.

� Thiswork highlights thepresenceof a newdense
and cold infrared torus whose coincidencewith
the waist seenin the axis 4 in Figure 2 indicates
that it gave birth to a bipolar out 
o w which
coincideswith the nested bubble of [O III ] emis-
sion. The interaction of this newly discovered
IR torus and the opt ical one (which are related
to the same geometric center) might explain the
warped morphology of the latt er. The twisted
torus hypothesis is ruled out by the kinemat ic
measurements.
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Fig. 9. AAT-MES sli t posit ions superimposed on a 50 � 50 composite GMOS image(H-� : orange, [O III ]: blue and [SII ]:
red) from the Gemini South Observatory. North is up, east is left . The white dots indicate the areas where were derived
the LSR corrected velocit ies: with A1, A2, B1, B2, C1 and C2 roughly corresponding to coinciding zones between the
LCO and MES sli t s and the remaining points indicating the velocit ies of st ructures of interest , such as the cometary
knots (cf. text and Table 2). The yellow star shows the cent ral star location. The color � gure can be viewed online.

� The MES-AAT spectra indicate the presenceof
�l amentary and knott y st ructuresas well as the
expansion of three bubbles with the following
velocit ies: � V = 35 km s� 1 in the north-west
lobe (sli t a), � V = 33 km s� 1 in the central re-
gion (sli t b) and � V = 44 km s� 1 in the south-
east lobe (sli t c).

� Thehigh resolut ion spectroscopy data also show
that t he largest velocit ies are found at both
ext remes of the nebula with � 35 km s� 1 and
� 46 km s� 1 for the points CA and CB respec-
t ively on the eastern side of the PN (Figure 9),
and +26 km s� 1 and +52 km s� 1 for the oppo-
site points AD and AC on the western side. The
similar velocit ies of the diametrically opposed

st ructuresnamed AA and CC (+11 km s� 1 and
� 10 km s� 1) seemto indicate that both are re-
lated.

We therefore suggest t hat NGC 5189 is st ruc-
tured along two symmetry axis each of them com-
posed of a torusassociated to abipolar out 
o w. This
corresponds to the IR torus combined to the [O III ]
bipolar emission which enclosesthe out 
o ws B1{B2,
C1{C2 and part of A1{A2 (seeFigures2 and 4); and
the opt ical torus combined to the bright outer �l a-
mentary/ knott y but ter
y st ructure whose contours
are well seen in the H� / [O III ] image rat io in Fig-
ure 3. Any other lobes would be the result of the
expansion or dynamical mot ions of the exist ing neb-
ular material in low-density or empty spaces.
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Fig. 10. AAT-MES [N II ] � 6583:454 �A sli t details underlying the � lamentary st ructure of NGC 5189.

The combinat ion of the imaging and spectro-
scopic data allowed us to make a �r st step in dis-
entangling and (re-)de�ni ng the exact morphology
of NGC 5189. Indeed, the \chaot ic" aspect of
NGC 5189 is the consequenceof the encounter be-
tween two sets of bipolar out 
o ws. The boundary
between the di� erent out 
o ws is, however, not well
determined with our kinemat ic data, although we
can seeit in the morphology, nor is the process lead-
ing to such evolut ion of the planetary nebula. We
therefore need a more complete kinemat ical map-
ping (e.g., to derive the inclinat ion angles and the
kinemat ical agesof each st ructures) t o have a better
understanding of the format ion of NGC 5189.
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