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Behind HerPlaNS



HerPlaNS observing strategy
Investigating a sample of 11 PNs using Herschel (~200 
hours of observing time). Program completed! 

Use of the full capabilities of PACS and SPIRE 
instruments:

Photometry maps in 5 bands PACS+SPIRE (70um, 
160um, 250um, 350um and 500um). Data fully 
reduced.

Full range spectroscopy covering a wavelength 
range from 51um to 670um (PACS+SPIRE). Second 
data reduction iteration done. Still need some 
improvement.

Spectral line maps (only with PACS and for two 
PNs) around 7 emission lines: [NII] 57um, [OI] 
63um, [OIII] 88um, [NII] 122um, [OI] 146um, [CII] 
157um and [NII] 205um.
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Main HerPlaNS goals

Investigate the spatial distribution of the ionized gas, 
molecular gas and dust in the FIR.

Estimate in a consistent way the gas-to-dust ratio.

Constrain the older mass loss history in terms of total mass 
loss and chemistry.

Check if there is any correlation between the X-ray 
properties of the CSPN and the FIR emission of the nebulae.



The case of NGC 3242



NGC 3242 (AKA Ghost of Jupiter)

Danny LaCrue & the ESA/ESO/NASA FITS Liberator 



NGC 3242 (AKA Ghost of Jupiter)

HST image. Credit: Danny LaCrue & the ESA/ESO/NASA 
FITS Liberator 
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NGC 3242 (AKA Ghost of Jupiter)

J. P. Phillips et al. (2009) 

Rings and haloes in the mid-infrared 1131

Figure 2. Larger field MIR images of NGC 3242 and NGC 7354, where
it can be seen that both sources show evidence for ring structures in their
haloes. There may also be evidence for an external and detached diffuse
ring about NGC 7354. The colour coding of the IRAC fluxes is as described
in Fig. 1, whilst it should also be noted that both of the images have been
processed using unsharp masking techniques.

was followed by a relative lull, and the final superwind phase of
evolution.

Profiles through the source are illustrated in Fig. 3, where the sev-
eral components of envelope emission are again in plain evidence.
In this example, and for all of the other profiles to be considered
here, the zero point corresponds to the central star position. The di-
rections and widths of the slices are indicated in the figure captions,
as are the positions corresponding to negative axial displacement (or
relative position – hereafter referred to as RP). The surface bright-

nesses correspond to an average of pixel values between the limits
of the slice, and over a direction which is orthogonal to that of the
slice.

Emission in the high intensity central emission plateau, corre-
sponding to the region of the wind-blown rim, falls off steeply at its
edges over a distance of ∼10 arcsec. This region of surface bright-
ness fall-off arises in the surrounding, more circular shell noted in
Fig. 1, and corresponds to material which may have been ionized by
a D-type front (see Section 1). There follows, after this, a marked
moderation in the fall-off of shell surface brightness, in a region
corresponding to the inner portions of the outer halo. The radial
exponent β in this region has a value close to ∼0. The surface
brightness then again falls off steeply in all of the wavebands, as is
further illustrated in Fig. 4.

We have, for the latter figure, represented radial trends in surface
brightness for the three longest wavelength MIR channels, and for
three radial slices starting at the nucleus. The scatter in the results
is an indication of the variations in fall-off for the differing radial
directions, rather than representing photometric uncertainties in the
measured fluxes.

It can be seen from this that although there is a rapid steepening
in gradients with distance from the nucleus, one can identify three
primary gradients in the decline of the halo surface brightness. At
4.5 µm for instance (and the results are also very similar at 3.6 µm
as well), the exponent β varies from ∼0 for RPs < 32 arcsec (i.e.
log (RP/arcsec) < 1.51), to ∼4 for 32 < RP < 50 arcsec and
β ∼ 12 for RP > 50 arcsec. This last value is certainly very steep,
and it could be argued that a simple cut-off in the halo at RP =
50 arcsec, allied to the instrumental response function, might lead
to somewhat similar declines in intensity. However, our analysis
of PSFs associated with stars within the field suggests that values
of β would, in that case, approach something closer to ≈20. It
therefore follows that although instrumental scattering effects may
contribute to this trend, much of the final steep decline is likely
to be real. This, should it be confirmed, may testify to an initial
rapid increase in dM/dt at the onset of progenitor superwind mass
loss.

By contrast, the surface brightnesses at 5.8 and 8.0 µm fall off
somewhat less steeply, with β varying from 0 to 3 to 10 within the
same ranges of distance from the central star.

It is not entirely clear what emission mechanisms are at work
within the halo, although some insight may be gleaned from ratioing
the various photometric bands. These ratios are illustrated in Fig. 4,
and in the upper three panels of Fig. 5. It is clear, from the former
diagram, that nuclear levels of 3.6, 4.5 and 5.8 µm emission are
rather similar, and lead to ratios 3.6 µm/4.5 µm and 5.8 µm/4.5 µm
which are close to ∼0.3 → 0.5.

All of these ratios change markedly as one exits from the nucleus,
however. In the first place, it is clear that the 8.0 µm/4.5 µm and
5.8µm/4.5 µm ratios increase rapidly as one passes through the inner
bright shell, up to a distance of 24 arcsec from the nucleus. This
also occurs, in a more modest way, for the 3.6 µm/4.5 µm ratio as
well, although this latter variation is less apparent in Fig. 3. Finally,
the rate of change in the ratios moderates greatly at distances >24
arcsec from the nucleus, where they take the typical values 8.0 µm/
4.5 µm ∼ 6, 5.8 µm/4.5 µm ∼ 1.8 and 3.6 µm/4.5 µm ∼ 0.9.

This variation in ratios is seen even more clearly in the upper
three panels of Fig. 5, where we illustrate ratio variations over the
projected surface of the source. One may note here the low ratios
associated with the inner rim, the intermediate ratios connected
with the inner shell, and the roughly uniform and higher ratios in
the outer halo.

C© 2009 The Authors. Journal compilation C© 2009 RAS, MNRAS 399, 1126–1144
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HerPlaNS photometry of NGC 3242

IRAC 8um PACS 70um PACS 160um

SPIRE 250um SPIRE 350um SPIRE 500um



HerPlaNS photometry of NGC 3242

IRAC 8um PACS 70um PACS 160um

SPIRE 250um SPIRE 350um SPIRE 500um

0.223 pc
~12 800 yr



Temperature maps
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Temperature map of NGC 3242

Temperature map with a ~ 37” PSF



Temperature map of NGC 3242

Temperature map with a ~ 12” PSF



Temperature map of NGC 3242

Temperature map with a ~ 12” PSF



Temperature map of NGC 3242

Temperature map with a ~ 12” PSF

NGC 7009 (Corradi et al.)

NGC 6543 (Corradi et al.)



How much dust is out there?



Cloudy dust+gas modelling of NGC 3242 (by M. Otsuka)

HerPlaNS preliminary results

PACS 70um



A factor 2.3 increase in the total dust mass when including FIR data!

HerPlaNS preliminary results

PACS 70um
Cloudy dust+gas modelling of NGC 3242 (by M. Otsuka)



Cold dust in NGC 3242

GALEX FUV+HST 0.67um+PACS 70um



Cold dust in NGC 3242

GALEX FUV+HST 0.67um+PACS 70um

1.7 pc~100 000 yr



NGC 3242
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More to come!







Line contamination

We e s t i m a t e d t h e 
e m i s s i o n l i n e s 
contamination  in the 
photometry maps by 
making synthetic maps 
using the spectroscopy 
data.

PACS spectrum x 70um photometry 
transmission filter

PACS spectrum x 160um photometry 
transmission filter
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Images credits:  X-ray: NASA/CXC/RIT/J.Kastner et al.; Optical: NASA/STScl/R.Corradi & D.Goncalves

HerPlaNS sample list



Preliminary: PACS spectroscopy of NGC 6781
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Preliminary: SPIRE spectroscopy of NGC 6781
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