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NGC 6543



HerPlaNS photometry 
observations

Compared to optical narrow band images courtesy of R. Corradi 
 and Spitzer mid-IR data provided to us by J. Hora



D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(a) same as Fig. 2a.
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(a) same as Fig. 2a.
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(a) same as Fig. 2a.
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(a) same as Fig. 2a.
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(a) same as Fig. 2a.
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What lines are contaminating the photometry?

PACS spectrum VS broadband transmission curves
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Aperture photometry and 
averaged dust temperature



D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(a) NGC 40 (b) NGC 2392 (c) NGC 3242

(d) NGC 6445 (e) NGC 6543 (f) NGC 6720

(g) NGC 6781 (h) NGC 6826 (i) NGC 7009

(j) NGC 7026 (k) Ant Nebula

Fig. 13: Modified black-body fit to the total integrated flux in the HerPlaNSphotometry maps.

30

D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(a) NGC 40 (b) NGC 2392 (c) NGC 3242

(d) NGC 6445 (e) NGC 6543 (f) NGC 6720

(g) NGC 6781 (h) NGC 6826 (i) NGC 7009

(j) NGC 7026 (k) Ant Nebula

Fig. 13: Modified black-body fit to the total integrated flux in the HerPlaNSphotometry maps.

30

1000 1000100100

Average dust temperature



Average dust temperature
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temperatures are between ~ 40 to 90K



Average dust temperature
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Fig. 13: Modified black-body fit to the total integrated flux in the HerPlaNSphotometry maps.
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Dust temperature maps or 
how spatial resolution matters



D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(a) same as Fig. 2a except that the top left image is an INT/[Hα] image with a pixel size of 0.33 arcsec [REF.].
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(b) same as Fig. 2b.

Fig. 3: NGC 3242
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(b) same as Fig. 2b.
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(b) same as Fig. 2b.

Fig. 8: NGC 6826
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(b) same as Fig. 2b.
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D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(b) same as Fig. 2b.

Fig. 3: NGC 3242
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(b) same as Fig. 2b.

Fig. 3: NGC 3242
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Averaged dust temperature

of ~ 140K
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D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(a) HerPlaNSPACS/SPIRE broadband images of NGC 2392 at 70, 160, 250, 350, and 500 µm, along with an Spitzer/IRAC image at 8 µm [REF.].
The far-IR peak surface brightness is indicated at the bottom-left corner, while the one-sigma sky noise is shown at the bottom-right corner (in mJy
arcsec−2). At the top-right corner, the beam size for the band is indicated by a gray circle (5.61, 11.39, 18.2, 24.9, and 36.3 arcsec, respectively).
White contours represent 90, 70, 50, 30 and 10% of the peak, respectively, and the black contour indicates 3 σ detection. The pixel scales are 0.6,
1, 2, 6, 9, and 14 arcsec, respectively from upper left to lower right.
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(b) same as Fig. 2b.

Fig. 3: NGC 3242
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(a) same as Fig. 2a.
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D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(b) [Top Left] The dust temperature map of NGC 2392 at 11.4 arcsec resolution derived by fitting the PACS/SPIRE maps with a modified black-
body law of the form ∝ λ−βBν(Tdust). [Top Right] PACS 70 µm map for comparison[Bottom Left] The power-law index (β) map at 36.3 arcsec
resolution. [Bottom Right] χ2 of the modified black-body fit.

Fig. 2: NGC 2392
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(b) [Top Left] The dust temperature map of NGC 2392 at 11.4 arcsec resolution derived by fitting the PACS/SPIRE maps with a modified black-
body law of the form ∝ λ−βBν(Tdust). [Top Right] PACS 70 µm map for comparison[Bottom Left] The power-law index (β) map at 36.3 arcsec
resolution. [Bottom Right] χ2 of the modified black-body fit.
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(b) [Top Left] The dust temperature map of NGC 2392 at 11.4 arcsec resolution derived by fitting the PACS/SPIRE maps with a modified black-
body law of the form ∝ λ−βBν(Tdust). [Top Right] PACS 70 µm map for comparison[Bottom Left] The power-law index (β) map at 36.3 arcsec
resolution. [Bottom Right] χ2 of the modified black-body fit.

Fig. 2: NGC 2392
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Fig. 13: Modified black-body fit to the total integrated flux in the HerPlaNSphotometry maps.
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(a) same as Fig. 2a.
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(b) same as Fig. 2b.

Fig. 3: NGC 3242

13
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(a) same as Fig. 2a.
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(b) same as Fig. 2b.

Fig. 10: NGC 7026

27

D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(b) same as Fig. 2b.
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Fig. 13: Modified black-body fit to the total integrated flux in the HerPlaNSphotometry maps.
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What next?
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(b) same as Fig. 2b.

Fig. 1: NGC 40
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(b) same as Fig. 2b.
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(b) same as Fig. 2b.
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Near future: dust mass
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Fig. 10: NGC 7026

27

Dust mass in the nebulae vary between 
~ 1e-5 Msun to 3e-3 Msun

NGC 40 NGC 7026

Near future: dust mass



More challenges
T. Ueta et al.: The Herschel Planetary Nebula Survey (HerPlaNS)

Fig. 14. (a): The best-fit CLOUDYmodel SED (black line), constrained most comprehensively with archived
spectra (gray line) including WHT/ISIS optical spectrum (0.36− 0.80 µm), Spitzer/IRS spectrum (5− 37 µm),
and Herschel/PACS (51 − 210 µm) and SPIRE (194 − 671 µm) spectra as well as photometry data points
(black squares) derived from archived INT/WFC images, 2MASS images, Spitzer/IRAC images, AKARI PSC
(), and Herschel/PACS and SPIRE maps. (b), (c), (d): Close-ups of the optical, Spitzer/IRS, Herschel/PACS,
and Herschel/SPIRE ranges, respectively, to show the quality of the best-fit: simultaneous fit was sought at as
many major emission lines as possible and for the bulk of the continuum.

drical barrel is determined to have the following dimensions: the inner/outer radius of 0.21/0.33 pc

and the height of 1.17 pc with a filling factor of 0.5. The orientation of the barrel relative to us was

fixed to be inclined at 23◦ with respect to the line of sight as shown from the previous molecular

morpho-kinematic studies (Bachiller et al. 1993; Hiriart 2005, Fig. 2).

The dust component of the cylindrical barrel includes polycyclic aromatic hydrocarbons (PAHs)

of the size from 0.00043 to 0.0011 µm (0.01% by mass), amorphous carbon grains of 0.0015 to

0.9 µm (17.63% by mass; optical properties by Rouleau & Martin 1991; both following the a−3.5

size distribution, Mathis, Rumpl, & Nordsieck 1977), and single-sized, 0.9 µm graphite grains

(82.37% by mass; optical properties from Draine 2003). The dust size is constrained mainly by

the degree of self-extinction in the bluest part of the optical spectrum, while the presence of PAH,

amorphous carbon, and graphite is necessary to fit the mid-IR PAH emission features, mid-IR ther-

mal dust continuum, and far-IR thermal dust continuum (especially between the SPIRE 350 and

Article number, page 32 of 48
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(a) same as Fig. 2a.
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D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(a) HerPlaNSPACS/SPIRE broadband images of NGC 2392 at 70, 160, 250, 350, and 500 µm, along with an Spitzer/IRAC image at 8 µm [REF.].
The far-IR peak surface brightness is indicated at the bottom-left corner, while the one-sigma sky noise is shown at the bottom-right corner (in mJy
arcsec−2). At the top-right corner, the beam size for the band is indicated by a gray circle (5.61, 11.39, 18.2, 24.9, and 36.3 arcsec, respectively).
White contours represent 90, 70, 50, 30 and 10% of the peak, respectively, and the black contour indicates 3 σ detection. The pixel scales are 0.6,
1, 2, 6, 9, and 14 arcsec, respectively from upper left to lower right.
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(a) same as Fig. 2a.
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(a) same as Fig. 2a.
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D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(a) HerPlaNSPACS/SPIRE broadband images of NGC 6543 at 70, 100, 160, 250, 350, and 500 µm,. The far-IR peak surface brightness is indicated
at the bottom-left corner, while the one-sigma sky noise is shown at the bottom-right corner (in mJy arcsec−2). At the top-right corner, the beam
size for the band is indicated by a gray circle (5.61, 6.79, 11.39, 18.2, 24.9, and 36.3 arcsec, respectively). White contours represent 90, 70, 50, 30
and 10% of the peak, respectively, and the black contour indicates 3 σ detection. The pixel scales are 1, 1, 2, 6, 9, and 14 arcsec, respectively from
upper left to lower right.
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D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(a) same as Fig. 2a except that the top left image is an HST./[SII] image with a pixel size of 0.1 arcsec [REF.].
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(a) same as Fig. 2a.
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D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(a) same as Fig. 2a except that the top left image is an INT/[Hα] image with a pixel size of 0.33 arcsec [REF.].
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(a) same as Fig. 2a.
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D. Ladjal et al.: The Herschel Planetary Nebulae Survey: HerPlaNS

(a) same as Fig. 2a except that the top left image is an HST./[SII] image with a pixel size of 0.1 arcsec [REF.].

Fig. 11: Ant Nebula
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(a) same as Fig. 2a.
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