Hunting for Planetary Nebulae online
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Since late-2015 I have been actively hunting for unknown Planetary Nebula (PN) candidates using publically
available images online. In this section I discuss my method of hunting, demonstrated by various examples of
known Planetary Nebulae, and Planetary Nebula candidates.
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In DSS (Digitalized Sky Survey) I hunt for well defined nebulae with typical PNe-like morphologies. The image
just below shows some common recurring structures.
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Examples of Planetary Nebulae showing typical PN-like morphologies in DSS2 (Red+Blue) images:
Circular/annular, bipolar, compact quasi-stellar, and elliptical. Image credit: DSS2/Aladin Lite.
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Often PNe can appear more contrasted in some parts more than others, likely due to the nebula interacting with
Interstellar Matter (ISM). This can cause PNe to appear “asymetric” or even irregular. For example, circular and
elliptical PNe might appear like “arcs” instead of showing a complete “annular” structure.
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Two likely well evolved PNe as seen in DSS2 (Red+Blue) images, their morphology is clearly asymetric. Images
from Aladin Lite.
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Another common morphology are “stellar PNe”, but these are difficult to find in DSS as they (by definition) blend
well with the background star field. These usually display particular colors when seen in SDSS and Pan-STARRS1
images (see below).
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I also make sure the candidate is fainter in DSS2-IR and 2MASS images, in comparison to the Optical DSS plates.
This is a common characteristic of PNe.
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Planetary Nebula Pa 1 as seen in DSS plates and 2MASS. Despite being obvious in the DSS Red and Blue plates,
it’s barely detectable in the DSS2-IR image and 2MASS. Images are from the SuperCosmos Sky Survey and
Aladin Lite.

17 EARE Z Pa 1 7£ DSS F 2MASS il i, RAEFE DSS Red A1 Blue B PRI, fHAE dss2 - ir KA
2MASS H LT TEikE R . B F K E SuperCosmos Sky Survey 1 Aladin Lite

Unfortunately, many objects can mimic the morphology of PNe, especially in DSS images. These are commonly
Galaxies and other kinds of nebulae (cometary globules for example). The imposters might even appear faint or
absent in DSS2-IR images. Luckily SDSS and Pan-STARRS]1 data can be used distinguish between the two.
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Combined color images from Pan-STARRSI1 and the SDSS can be used to distinguish between true PN candidates
(and other mimics) as PNe display very particular colors in these images. In SDSS and Pan-STARRSI (g + r + 1)
they will appear blue or green*. More precisely, in Pan-STARRS a PN will typically well defined in the “g” and/or
“r” band, but poorly visible in the “i”” and “y” bands (similar to DSS2-IR). They may appear better in the “z” band
though. It is because of these properties that SDSS has often been a used as a good tool for PN hunting.
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* This works when the g band is color-coded Blue,
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as green and “i” as red.

&
B -

Raffaelli 4 ® lwoi abj...,-t 1 Pestgard 25

An example of a nearly circular PN in SDSS (Ra 4) and two counter examples: LDl Object 1 (a likely annular
galaxy) and Pre 25 (Likely Cometary Globule). Images from Aladin Lite and the Pan-STARRSI science
consortium.
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This technique applies very well to “stellar” PNe too. These objects might appear as green, turquoise or oddly blue
stars in SDSS images.
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Some examples of “stellar” Planetary Nebulae in SDSS images. Notice their interesting green — blue tint. Images
from Aladin Lite.
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I well then study the targets in Halpha images (from IPHAS and/or the UKST, if available) to see if they have
unusually strong emissions in the Halpha band, as this is the case of most PNe. In fact, some Planetary Nebulae
might be too faint to appear in DSS and/or SDSS images, but might be obvious in Halpha images (see below).
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I also make sure the nebula appears best in the filters W3 and W4 from the WISE telescope (see below). However,
not all PNe are visible in WISE, this is often the case of larger PNe.
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In these images I hunt for any objects with ususually strong emissions in WISE’s W4 (22 micron) band. PNe tend
to appear very bright in this band (as well as in W3 sometimes) in comparison to the W1 (...) and W2 WISE bands.
For this I use Aladin Lite’s combined (W1 +W2 + W4) AIIWISE images.
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Individual WISE band frames showing Planetary Nebula candidate Mul 3(marked by the blue circles). The object
appears essentially in the W3 and W4 bands. There are only faint traces of it in W2 and W1. This is typical of PNe.
Images from WISE/IRSA.

ﬁ%’iﬁf’eiﬁﬁ.ﬁ Mul 3(H1 it R B AR 1T ). XAMRIEARAE W3 A1 W4 BB E . £E W2 A1 W1 o R 55 )
TR . XA SR PNe k. B F R H WISE/ IRSA.

An advantage of the (AIl)WISE images is that it can reveal very faint PNe that might not be detectable in DSS
and/or SDSS images. This is the case of PN candidate Pre 12.
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Planetary Nebula candidate Pre 12, a small diffuse nebula visible only in UKST/Halpha images, with a PN-like
signature in the WISE W4 band. Images are from Aladin Lite and SuperCosmos Halpha Sky Survey.
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However, like for the DSS images, WISE images show many PN mimics, most notably OH/IR stars, Young Stellar
Objects (YSOs), Active Galactic Nuclei (AGNs) and Proto-Planetary Nebulae. One way YSOs and OH/IR stars
*often* differ from PNe is the presence of high-amplitude variability (by a few magnitudes). This is the case of
Mul-IR 92 (see below).
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IRAS 16346-3536 (Mul-IR 92)
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|Image5 from Aladin Lite and the DS5 Plate finder

Discovery images showing the variable nature of Mul-IR 92. Image credit: Trygve Prestgard.
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Mul-IR 92 appears to be a highly variable object, varying by ~4 magnitudes in the Red band. Such strong
variations are not really in favor of a Planetary Nebula unfortunately, despite the rather favorable WISE signal.
The object is now also currently listed as a possible YSO candidate by AAVSO.
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