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NIFS

Image-slicing integral field unit

Field-of-view: 3”x 3”

Pixel scale: 0.103” across slit, 0.04” 
along slit

Spatial resolution (FWHM): 0.1” 
with full AO, otherwise seeing 
limited

Gratings

Z (0.94 - 1.15 µm), R =  4990

J (1.15 - 1.33 µm), R = 6040

H (1.49 - 1.80 µm), R = 5290

K (1.99 - 2.40 µm), R = 5290



NIFS Optical layout
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Planetary Nebula Hb 12

Young PN, hourglass shaped with tight 
waist

Axis PA = 171.5°, tilt ≃ 38° with-
respect-to the plane of sky (Kwok & 
Hsia, 2007)

High velocity outflows, from ~70 - 170 
km s-1, extending to 60ʺ″ (Vayet et al. 
2009)

Complex, nuclear region with rich, 
emission lines (Hora & Latter 1996)
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Lobes

Lobes most prominent in [Fe II]

N lobe red shifted, S lobe blue 
shifted

Nucleus

Very little [Fe II]

Bright in Brγ and the He I 
lines

H2 emission

Neither in center, nor lobes

Appears as arcs of emission, 
also seen in HST images



HST Images of Lobes

Dashed squares represent NIFS pointings

Notice arcs of emission in F212N image

Width ~10000 AU (d = 2000 pc)

Each image 9” × 9”



HST Images of Lobes
H2 (2.1214 µm), v = 0 km s-1

Comparison between HST and NIFS H2 images

Notice arcs seen in both images



H2 Arcs

NIC3 F160W



H2 Arcs

NIC3 F160W



H2 Arcs

NIC3 F160W



H2 Arcs

NIC3 F160W



Hen 2-104, The Southern Crab

are at least three different kinds in Hb 12, counting the inner and
outer hourglasses and this jet.

4. DISCUSSION

The structure of Hb 12 (bipolar lobes with multiple rings)
closely resembles the inner regions of SN 1987A (Panagia et al.
1996; Sugerman et al. 2005) and Hen 2-104 (Corradi et al. 2001).
Similar structures can also be found in the planetary nebula
MyCn 18 (Sahai et al. 1999) and He 2-113 (Sahai et al. 2000).
The basic structure can be described as an hourglass with a tight
waist and open rims. In the case of the inner hourglass of Hen
2-104, there are three rings on each side of the lobes (Corradi et al.
2001). Similarly, there is a pair of rings in the inner hourglass of
MyCn 18 (Sahai et al. 1999). We have reproduced the unsharped
[N ii] images of Hen 2-104 and MyCn 18 in Figures 4 and 5.

Since the shape of the hourglass is well defined, it suggests that
the nebula is confined by pressure from an unseen external me-

dium, probably a dense equatorial dust torus or a spherical enve-
lope. The waist of the hourglass, when projected onto the sky at
an angle, takes on the appearance of an ‘‘eye,’’ as in the cases of
SN 1987A, Hb 12, andMyCn 18. The rings define the rims of the
hourglass. In order to confine the nebula boundaries so well, this
external medium must be very large. It is likely that this medium
iswhere the!200Kdust component emission originates, although
this has to be confirmed by future far-infrared imaging. This sug-
gests that the optical nebula of Hb 12 is likely to only represent
a small fraction of the total circumstellar mass. If we take the
analogy to Hen 2-104 and SN 1997A further and assume that the
observed nebula of Hb 12 only represents the inner region of a
much larger bipolar nebula, then the total extent of the object is
also much bigger. A deep exposure with the [N ii] filter or in mo-
lecular hydrogen should be able to reveal such large structures.

It is also interesting to note that near the outer rim of the south
lobe, a series of linear ‘‘jetlike’’ features can be seen emanating

Fig. 4.—HST WFPC2 [N ii] image of Hen 2-104 after the application of an unsharpmask. Data from HST data archive, program 7379 and 9336 (PI: R. L.M. Corradi).
The image is made from the combination of two data sets with a total exposure time of 4000 s + 3760 s.

MULTIPLE RINGS IN Hb 12 343No. 1, 2007

Taken  from  Kwok and Hsia (2007)



Core

Core brighter on E side than on 
W side

Each image 2” × 2”

Width = ~320 pc (d = 2000 pc)

Torus ~30 times narrower 
than width of hourglass!



HST Images of Core

Notice E side brighter than W side

F658N shows lobes go right down to 
nucleus



Core: NIFS HST COMPARISON

F160W HST image overlaid with a NIFS image of 
the core in the He I (2.0585 µm) line at a velocity 
shift of -30 km/s from the line center



1-D Cuts Across Nebula

Horizontal plots in intensity across core

Prominent double peaks in He I (2.0585 µm) and Brγ

General, downward slope

Shift in profiles, left to right, from -90 km s−1 to 90 km s−1 



2-Dimensional Spectra

Profile shift also evident in 2-d spectra



Shape Model of Core

Top Free-form

Right Render

Top, Free-form, and Right views are enlarged to show model more clearly

Render matches output by Shape

P.A. = -5°, inclination = 5° toward observer



Shape Model of Core
He I (2.0585 µm)

v = - 90 km/s v = - 60 km/s v = - 30 km/s v = 0 km/s

v = 30 km/s v = 60 km/s v = 90 km/s

v = - 90 km/s v = - 60 km/s v = - 30 km/s v = 0 km/s

v = 30 km/s v = 60 km/s v = 90 km/s



Conclusions

Lobes bright in [Fe II], N lobe red shifted, S lobe blue shifted

Core dominated by Br γ and He I (2.0585 µm)

Lobes 30 times wider than inner torus

Position of walls of inner torus shift with velocity

Modeled as an elongated, tilted, inclined torus
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