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ABSTRACT

Context. The Gaia DR3, released in June 2022, included low-resolution BP/RP (XP) spectra that have been exploited for the clas-
sification of various types of emission-line objects using machine-learning techniques. The Gaia Extended Stellar Parametrizer for
Emission-Line Stars (ESP-ELS) algorithm identified 273 sources as potential planetary nebulae (PNe).
Aims. We aim to analyze the PN sample produced by the ESP-ELS algorithm to investigate the true nature of the objects classified as
PNe.
Methods. We extracted all sources from the Gaia catalog classified as PNe by the ESP-ELS algorithm and filtered out 200 objects
with secure classifications available in the literature. Of these, ∼65% correspond to known Galactic or Magellanic compact PNe, and
∼20% to D- or D’-type symbiotic systems. The XP spectra of the remaining sources were visually inspected, leading to a subset of 14
promising candidates showing strong emission features attributable to Hα and [O iii] λ5007. Although typical of PNe, such features
are also consistent with D- or D’-type symbiotics, known to mimic compact PNe. We obtained spectroscopic follow-up observations
for these objects with the 2SPOT facilities in Chile and France, complemented by an analysis of archival photometric data to further
constrain their nature.
Results. We report the identification of nine bona-fide or likely D- or D’-type symbiotic systems, one planetary nebula in the LMC,
one polar cataclysmic variable, and three possible Be stars in (or in the direction of) the SMC, within our sample of 14 objects.
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1. Introduction

The advent of large-scale all-sky surveys has transformed the
study of emission-line objects by enabling systematic searches
based on homogeneous photometric and spectroscopic data for
millions of sources. In particular, the third data release of the
Gaia mission (DR3; Gaia Collaboration et al. 2016, 2023) pro-
vided low-resolution BP/RP (XP) spectra for about 219 million
objects, opening new possibilities for the automated identifica-
tion and classification of emission-line sources.

Within DR3, the Extended Stellar Parametrizer for
Emission-Line Stars (ESP-ELS; Creevey et al. 2023; Fouesneau
et al. 2023) identified and classified 57 511 emission-line stars
(ELSs) into several classes using machine-learning techniques.
The classification scheme includes Wolf–Rayet (WR) stars, Be
stars, Herbig Ae/Be stars, T Tauri stars, active M dwarfs, and
planetary nebulae (PNe). While such automated approaches are
essential for exploiting the full statistical power of large sur-
veys, their performance depends critically on the ability of low-
resolution spectra to distinguish between astrophysical classes
with similar observational properties.

PNe are particularly challenging in this respect. Their opti-
cal spectra are dominated by strong emission lines, but similar
observational characteristics are shared by several other classes
of emission-line objects, including compact H ii regions, some
symbiotic stars, cataclysmic variables, Be stars, or WR stars.

In the case of the low-resolution Gaia XP spectra, many clas-
sical diagnostic line ratios cannot be measured, which further
increases the degeneracy between these classes. As a result, PN
samples derived from automated classifications are expected to
contain contaminants. Assessing the reliability and astrophysical
content of such samples is therefore essential both for improv-
ing PN census studies and for identifying rare or poorly known
populations.

The PN candidate sample produced by ESP-ELS provides an
opportunity to perform such an assessment. In this work, we an-
alyze the objects classified as PNe in Gaia DR3 in order to deter-
mine their true nature. Particular attention is given to symbiotic
systems, which represent one of the most important classes of
PN mimics, especially in the case of dusty systems. This study
is part of a broader effort aimed at identifying new interacting bi-
naries and other emission-line objects in Gaia DR3 (Merc 2026;
Mulato et al. 2025).

In the following sections, we first review the main observa-
tional properties of PNe and their most common mimics. We
then analyse the ESP-ELS PN candidate sample in Gaia DR3,
identifying correctly classified PNe, contaminants, and previ-
ously unrecognized emission-line sources. Selected objects are
followed up spectroscopically, and our results are discussed in
the context of improving the classification of emission-line ob-
jects in large surveys.
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1.1. Spectral diversity of planetary nebulae

Planetary nebulae represent a short (< 105 yr) evolutionary phase
of low- to intermediate-mass stars (1–8 M⊙), during which ma-
terial ejected on the asymptotic giant branch is photoionized by
the hot white dwarf remnant (Kwok 2024; Parker 2022). The
number of known Galactic PNe has increased significantly in re-
cent decades and currently approaches ∼4 700 objects (Parker
et al. 2016). However, this remains well below theoretical ex-
pectations (6 600–45 000), indicating that the Galactic PN cen-
sus is still highly incomplete (Parker 2022; Moe & De Marco
2006). Improving the completeness and reliability of PN sam-
ples is therefore essential for studies of late stellar evolution and
Galactic chemical enrichment.

PNe exhibit a wide range of observational properties across
the electromagnetic spectrum, as reviewed, for example, by Frew
& Parker (2010). Their spectra are typically dominated by re-
combination and collisionally excited emission lines extending
from the ultraviolet (UV) to the near-infrared (NIR). The con-
tinuum emission of the white dwarf emerges in the UV, while
thermal emission from heated dust (∼ 100–200 K) is seen in the
mid-infrared (MIR), and bremsstrahlung emission dominates in
the radio domain.

The optical appearance of PNe depends strongly on their
excitation conditions, evolutionary stage, extinction, and inter-
action with the interstellar medium (Stenholm & Acker 1987;
Kwok 2000; Frew & Parker 2010). For instance, very low-
excitation (VLE) PNe are compact objects hosting a relatively
cool central star. Their spectra are characterized by prominent
Hα emission together with [N ii] λλ6548, 6583 (signatures of
shock excitation), while [S ii] λλ6716, 6731 are weak and [O iii]
λλ4959, 5007 are absent or very faint. In contrast, Type I PNe
exhibit strong [N ii] λλ6548, 6583 lines that can exceed Hα, and
[O iii] λλ4959, 5007 lines comparable in strength to Hβ. The
[O iii] λ5007/Hβ ratio increases with excitation: low-excitation
PNe typically show ratios around ∼1, while high-excitation PNe
are dominated by strong [O iii] λλ4959, 5007 lines and may also
display He ii λ4686 when the central star is sufficiently hot. In the
latter case, [N ii] λλ6548, 6583 lines are generally much weaker
than Hα.

Adding to the broad diversity of spectral characteristics ex-
hibited by PNe, a small subset of confirmed PNe host peculiar
central stars characterized by fast stellar winds of ionized heavy
elements, analogous to those observed in massive WR stars.
These CSPNe are denoted as [WR] stars, with brackets distin-
guishing them from their massive counterparts. The spectra of
these PNe display the typical high-excitation nebular lines to-
gether with broad stellar emission features of highly ionized he-
lium, nitrogen, carbon, and oxygen, and sometimes a stellar con-
tinuum (Acker & Neiner 2003; Frew & Parker 2010; Weidmann
et al. 2020). Similar to the massive WR stars, the low mass [WR]
stars are classified into three types: [WC] types have prominent
helium, carbon, and oxygen lines, [WO] types, whose spectra
are similar to that of the WC type but with stronger oxygen lines,
and [WN] types are dominated by helium and nitrogen lines. Of
the ∼130 [WR] stars catalogued in Weidmann et al. (2020), al-
most all belong to the [WC] and [WO] subclasses; [WN] types
are particularly rare (Morgan et al. 2003; Frew & Parker 2010;
Weidmann et al. 2020). The spectra of PNe with [WC] or [WO]
central star are dominated by C iii λλ4650, 5696, C iv λ5806,
He ii λλ4686, 5412, O v λ5590 and O vi λλ3822, 5290 (Acker &
Neiner 2003; Weidmann et al. 2020).
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Fig. 1. Typical Gaia XP spectra of compact PNe and their mimics:
NGC 40 ([WR] CSPN), V1016 Cyg (D-type symbiotic star), Th 4-9
(high-excitation PN), H 2-32 (heavily reddened VLE PN), and CI Cyg
(S-type symbiotic star). The green shaded regions show the wavelength
ranges used to train the ELS Random Forest classifiers.

1.2. Symbiotic stars and other PN mimics

Planetary nebulae can be confused with several classes of
emission-line objects, including compact H ii regions, supernova
remnants, active galaxies, and reddened Be stars (Frew & Parker
2010). Among these, the most important contaminants of com-
pact PN samples are symbiotic systems.

Symbiotic stars are long-period interacting binaries com-
posed of an evolved giant and a hot compact companion, usu-
ally a white dwarf. Mass lost by the giant is partially accreted
by the compact star, producing a rich emission-line spectrum
and, in many cases, extended ionized nebulae and circumstellar
dust (Gromadzki et al. 2009; Angeloni et al. 2010; Mikołajew-
ska 2012; Munari 2019; Merc 2025). Despite their astrophysical
importance, only about 300 systems are currently known, indi-
cating that the Galactic population is highly incomplete (Akras
et al. 2019a; Merc et al. 2019b; Merc & Mikołajewska 2024;
Laversveiler et al. 2025).

Symbiotic systems are commonly divided into S-, D-, and
D’-types based on their near-infrared properties (Allen 1982;
Medina Tanco & Steiner 1995; Akras et al. 2019a). S-type sys-
tems ("stellar" type) contain a normal late-type giant with lit-
tle circumstellar dust; their spectra show strong stellar absorp-
tion features together with emission lines from the ionized gas
around the accretor. Accreting-only S-type systems may show
no detectable emission lines, or only low-ionization species such
as H i and He i (e.g., Mukai et al. 2016; Munari 2019; Munari
et al. 2021), while systems with ongoing shell burning on the
white dwarf surface exhibit high-ionization lines such as [O iii],
He ii, and Raman-scattered O vi features (Belczyński et al. 2000;
Akras et al. 2019a; Merc 2025). These properties generally make
S-type systems difficult to confuse with compact PNe of compa-
rable excitation. In some cases, S-type symbiotics host a G- or
K-type "yellow" giant instead of an M-type star; such systems
often display prominent iron emission lines and are unlikely to
be mistaken for PNe, which typically lack a rising red continuum
and strong metallic features.

In contrast, D- and D’-type systems ("dusty") can be very
challenging to distinguish from PNe. D-types host a pulsating
Mira variable, whereas D’-types contain a G- or K-type giant,
both embedded in a dense dust shell that obscures the cool com-
ponent in the optical spectrum. Their spectra may be dominated
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by strong nebular emission with little or no visible stellar signa-
ture, closely resembling those of compact PNe. Infrared diagnos-
tics alone are often insufficient to separate the two classes, since
compact PNe may also show emission around ∼8 µm from UV-
excited polycyclic aromatic hydrocarbons (PAHs) and around
∼20 µm from dust heated by the central star (Frew & Parker
2010). The presence of a cool giant can, however, be confirmed
through photometric pulsations or near-infrared spectroscopy.

A key physical difference is the higher nebular density in
D- and D’-type systems (log ne ∼ 6–>10) compared to typi-
cal PNe (log ne ∼ 0–5) (Gutierrez-Moreno et al. 1995; Luna &
Costa 2005; Frew & Parker 2010). As a result, auroral lines such
as [O iii] λ4363 remain relatively strong compared to the neb-
ular [O iii] λλ4959, 5007 lines. Diagnostic diagrams based on
ratios such as [O iii] λ4363/Hγ versus [O iii] λ5007/Hβ are there-
fore widely used to distinguish symbiotic systems from PNe
(Gutierrez-Moreno et al. 1995; Iłkiewicz & Mikołajewska 2017).
Ratios of [O iii] λ4363/Hγ ≳ 1 generally indicate a symbiotic na-
ture, although very young and dense PNe may show similar val-
ues (e.g., M3-27; Ruiz-Escobedo et al. 2024). Because the low
spectral resolution of Gaia XP data limits the use of classical di-
agnostic line ratios, confusion between compact PNe and dusty
symbiotic systems is expected in automated classifications.

2. Gaia EPS-ELS workflow, training set, and
expected output

The ESP-ELS pipeline is designed to identify and classify
emission-line stars (ELS) in Gaia DR3 based on BP/RP (XP)
spectra. The full workflow is described in the DR3 docu-
mentation v1.31 (van Leeuwen et al. 2022; Ulla et al. 2022).
Sources are first selected as ELS candidates if their Hα pseudo-
Equivalent Width (pEW) is negative. Only sources brighter than
G = 17.65 mag and with XP spectra obtained from more than 10
transits with sufficient signal-to-noise ratio are considered.

ESP-ELS uses three sequential classifiers. The first stage as-
signs a preliminary spectral type tag to all ELS candidates based
on their BP/RP spectra. The second classifier, designed specif-
ically to identify PN and WR stars, compares each source with
observed BP/RP spectra from the training set. If a source is in-
consistent with PNe or WR stars, it is subsequently processed by
a third classifier that assigns one of the other ELS types.

The BP/RP spectra cover the wavelength range 336–1020 nm
with a typical resolution R ∼ 20–80, depending on wavelength.
Because of this low resolution, classical diagnostic lines such
as [O iii] λ4363, Hγ, or the [N ii] doublet are unresolved. As a
result, the distinction between compact PNe and D- or D’-type
symbiotic systems using the XP spectra alone is inherently lim-
ited. Figure 1 illustrates representative XP spectra of PNe and
symbiotic mimics, highlighting the difficulty in separating these
classes. The spectra of Th 4-9 (PN) and V 1016 Cyg (D-type
symbiotic) appear very similar, whereas the continuum of the
late-type giant is evident in CI Cyg spectrum (S-type symbiotic
star)2. The broad stellar C iii and C iv emission lines of NGC 40
[WC]-central star are clearly detected but appear blended.

1 https://gea.esac.esa.int/archive/documentation/GDR3/
2 One should, however, keep in mind that symbiotic stars are strongly
variable systems, and even some D-type symbiotics may occasionally
develop a pronounced red continuum (see, e.g., the case of RX Pup;
Mikolajewska et al. 1999), thereby resembling S-type systems. This
variability further complicates automated classification of symbiotic
stars in large surveys.

The PNe set used for training the classifier contains fewer
than one hundred objects3, all selected from SIMBAD (Wenger
et al. 2000). To analyze the composition of the sample, we cross-
matched it with the HASH PN database4 (Parker et al. 2016;
Bojičić et al. 2017) and the New Online Database of Symbiotic
Variables5 (NODSV; Merc et al. 2019a,b, 2026).

The HASH database contains over 11 000 entries (as of
March 2025), including True (T), Likely (L), and Possible (P)
PNe in the Milky Way and the Magellanic Clouds, along with
numerous mimics distributed across 40 different classifications.
These mimics include objects originally classified as PNe or
generic emission-line sources (e.g., by the MASH and IPHAS
surveys) but later found to be unrelated to PNe, as well as ad-
ditional candidates pending verification. The NODSV currently
lists approximately 1 200 entries (as of April 2025), encompass-
ing all confirmed, candidate, and misclassified symbiotic sys-
tems in the Milky Way and nearby galaxies.

Our analysis of the PN training set reveals that it is predom-
inantly composed of compact Galactic PNe classified as True
(∼70%) or Likely/Possible (∼13%). According to the HASH
spectra, ∼65% exhibit medium- to high-excitation characteris-
tics, with the remainder showing low to very low excitation. Ap-
proximately 40% host [WR]-type central stars, resulting in an
over-representation of this subtype relative to the ∼130 [WR]
CSPNe currently known (Weidmann et al. 2020).

The training set also contains a non-negligible fraction
(∼13%) of symbiotic systems, all classified as D- or D’-type
based on the spectra available in HASH.

Consequently, the PN candidate sample provided by ESP-
ELS is expected to include compact sources with low- to high-
excitation features and point-like morphology (G < 17.65 mag).
Extended or heavily extincted PNe may be missed, while S-type
symbiotic systems, WR stars, Be stars, Herbig Ae/Be stars, T
Tauri stars, and active M dwarfs are unlikely to be misclassified
as PNe due to their strong continuum. D- and D’-type symbi-
otic systems, however, can be misclassified as PNe because their
emission-line-dominated spectra resemble compact PNe in the
limited BP/RP wavelength coverage.

3. Planetary nebulae in Gaia DR3

The HASH PN database contains approximately 4 700 T, L, and
P PNe, of which about 3 000 have a Gaia DR3 counterpart.
Among these, only 119 were correctly identified as PNe (99 T,
8 L, 12 P), of which 41 are from the training set. In addition,
20 sources were classified as T Tauri, Herbig Ae/Be, Be, or WR
stars, in three cases where the PN indeed hosts a [WR] central
star. As expected (see Section 2), approximately 80% of the cor-
rectly identified PNe are compact sources, defined either by ma-
jor diameters smaller than 10′′ or by a stellar morphology flag
in HASH. We also included all Magellanic PNe in this category
when this information was unavailable in HASH. Only a small
number of objects have angular sizes exceeding 50′′. Overall,
Magellanic PNe account for about 35% of the T, L, P PNe iden-
tified by the algorithm.

Of all known T, L, and P PNe, only ∼500 sources are com-
pact with G < 17.65 mag, thus meeting the criteria for poten-
tial correct classification by ESP-ELS. This defines the subset
against which the algorithm’s performance should be evaluated.
However, only ∼20% of these sources were assigned the PN

3 Private communication with Y. Frémat.
4 http://202.189.117.101:8999/gpne/index.php
5 https://sirrah.troja.mff.cuni.cz/ merc/nodsv/
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Fig. 2. Gaia pseudo-equivalent width of the Hα line. Compact T, L, P
PNe correctly identified by the ESP-ELS algorithm are shown as red
circles, while those lacking a ClassELS are shown as blue triangles.

ClassELS, while the remaining ∼80% lack any classification.
Examination of 280 available XP spectra for these unclassified
sources shows either spurious spectral features or a lack of de-
tectable Hα and/or [O iii] λ5007/Hβ emission.

Figure 2 illustrates this behavior using Gaia pEW Hα mea-
surements. Sources with a PN ClassELS assignment display
strongly negative pEW Hα values with small relative uncertain-
ties (<20%), confirming their emission-line nature. By contrast,
unclassified sources generally exhibit pEW Hα values near zero
with large relative errors, reflecting either spurious XP spectra
or intrinsically weak emission incompatible with reliable classi-
fication.

Interestingly, a subset of ∼30 unclassified sources exhibits
pEW Hα below −10 Å with relative errors <20%. Among these,
only about half have XP spectra available; for the remaining
objects, the data quality was likely insufficient for release. The
available spectra show spurious features in the BP range or very
weak/absent [O iii] λ5007/Hβ, preventing reliable classification.

In summary, the apparent low efficiency of ESP-ELS in iden-
tifying known PNe is primarily driven by data-quality limita-
tions. Although PNe are intrinsically strong Hα emitters, faint
sources or objects with low-quality XP spectra yield unreliable
pEW Hα measurements and therefore fail classification. In ad-
dition to the pEW Hα criterion, successful classification also re-
quires detectable [O iii] λ5007/Hβ emission and the absence of
spurious BP features, which are particularly prone to artifacts.

4. Analysis of the Gaia DR3 PN candidates sample

The Gaia ESP-ELS algorithm identified 273 sources as potential
PNe. Of these, 119 correspond to T, L, or P PNe listed in the
HASH PN database (see Section 3). We subsequently examine
the remaining objects to identify contaminants and previously
unknown emission-line sources of interest.

4.1. Cross-match with NODSV

The Gaia DR3 PN candidates sample contains 46 confirmed,
likely, possible, or suspected symbiotic stars from the NODSV
of which two are extragalactic (in the LMC). Only four objects
are classified as S-type symbiotic binaries, while the remainder
correspond to D- or D’-type systems, which account for approx-
imately 80% of all known dusty symbiotic stars. These results
are consistent with the expectations discussed in Section 2.

The 46 NODSV sources overlap with HASH, showing gen-
erally good agreement in classification, as 31 are also listed

as symbiotic in HASH. Nevertheless, six objects are classified
there as likely or probable PNe (Th 4-11, Mz 3, Hb 12, K 5-37,
IRAS 17272−3047, and SMP LMC 63), but not as true PN be-
cause they show some possible symbiotic features as noted by
the HASH team (except for the last LMC PN). One additional
object, CTSS 2, is classified as a true PN in HASH, although
this classification appears questionable. A symbiotic nature of
CTSS 2 was suggested by García-Hernández & Górny (2014).
Both the spectrum presented in that study and the one available
in HASH show a [O iii] λ4363/Hγ ratio greater than unity and no
detectable optical continuum, suggesting a D- or D’-type nature
rather than the classifications proposed in HASH (true PN) and
NODSV (possible S-type symbiotic star).

4.2. Selection of objects of interest

At this stage, we identified 158 objects that were already listed
as T, L, or P PNe in HASH or as symbiotic in NODSV. The re-
maining sources were then cross-matched with SIMBAD, which
revealed 14 additional Magellanic PNe not included in HASH.
We further removed all objects with a well-established nature
(e.g., novae, WR stars, cataclysmic variables, or young stellar
objects). This filtering left 74 sources of uncertain or unknown
nature, but several of them had promising SIMBAD classifica-
tions, such as emission-line stars, long-period variables, Miras,
radio or mid-IR sources, and eclipsing binaries.

Gaia XP spectra were available for 49 of these sources: 35
have unreliable spectra (e.g., with peculiar shapes) or show only
a continuum without emission lines, while 14 display prominent
emission features around Hα and in the [O iii] λ5007/Hβ region.
Objects lacking XP spectra, or having unreliable ones, were ex-
cluded, as our preliminary multiwavelength analysis (compar-
ison of colors, appearance, etc.) revealed no indication of an
emission-line nature (e.g., symbiotic stars, PNe, etc.).

The 14 selected objects of interest are listed in Table 1,
and their astrometric parameters are summarized in Table B.1.
All of them are unresolved point sources. Among these, three
(Mul 20, Mul 21, and Mul 22) are already included in the HASH
PN database. These are PN candidates we identified prior to this
study using the multiwavelength search techniques described by
Le Dû et al. (2022). In addition, IRAS 21136+5810 was also
identified as a possible symbiotic star within the general vari-
ability classification of Gaia DR3 (Rimoldini et al. 2023; Eyer
et al. 2023) and independently identified as a symbiotic candi-
date by Ball et al. (2025). Follow-up of this star was also recently
presented by Tatarnikov et al. (2025).

5. Spectroscopic follow-up

We conducted spectroscopic observations of all objects of in-
terest selected in Section 4.2, using facilities of the Southern
Spectroscopic Project Observatory Team (2SPOT) consortium.
Observations were carried out between July 2022 and Septem-
ber 2025 (see Table B.2). The 2SPOT consortium6, established
by amateur astronomers, operates two remotely controlled tele-
scopes in Chile. These include a 0.3-m Ritchey-Chrétien tele-
scope equipped with a medium-resolution Eshel spectrograph
(R = 10 000) and a 0.3-m F/4 Newtonian telescope equipped
with a low-resolution Alpy600 spectrograph (R = 600). For this
study, we employed the Alpy600 spectrograph with a 23 µm slit.
Both telescopes are located at Deep Sky Chile (DSC), near Cerro
Tololo Observatory.

6 http://www.2spot.org
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Table 1. List of objects of interest selected from the Gaia DR3 PN candidate sample.

No. Namea Gaia DR3 α2000 δ2000 G pEWHα SIMBAD
[h:m:s] [d:m:s] [mag] [nm] typeb

1 2MASS J00302193-7340258 4688456119306207104 00:30:21.92 -73:40:25.37 17,39 -4,63 -
2 [MA93] 332 4689035080972851072 00:49:55.93 -72:24:31.33 16,98 -2,93 Em*
3 2MASS J00520200-7300074 4685953222889189248 00:52:01.57 -73:00:09.76 17,57 -2,47 RB?
4 2MASS J05042350-6946395 4655200329313892480 05:04:23.51 -69:46:39.64 16,49 -5,54 pA?
5 2MASS J10230286-5420071 5355576935408000256 10:23:02.86 -54:20:07.20 16,93 -9,28 -
6 WRAY 15-678 5338200425455290368 10:53:24.62 -60:44:51.79 16,84 -17,19 Em*
7 IRAS 11015-5850 5338668572545679232 11:03:38.31 -59:06:50.61 14,91 -4,26 MIR
8 Mul 22 4369390734123515392 17:41:06.38 -02:25:22.62 16,2 -11,87 -
9 Mul 20 4369320021783043712 17:45:06.57 -02:08:44.21 16,26 -13,94 -

10 Mul 21 4202825820755995520 18:59:38.71 -09:11:03.13 17,53 -20,43 -
11 2MASS J20385125+3111042 1862451682454046080 20:38:51.25 +31:11:04.08 14,1 -6,19 -
12 2MASS J20581257+2920454 1846427022035230592 20:58:12.54 +29:20:44.70 17,29 -5,25 -
13 ATO J315.3668+45.9271 2163480206474053376 21:01:28.03 +45:55:37.74 14,49 -15,86 LP*
14 IRAS 21136+5810 2191101793978902784 21:15:01.53 +58:22:38.77 14,92 -5,27 *

Notes. a The name corresponds to the SIMBAD identifier when available; otherwise the HASH identifier is used, and when neither is available
the 2MASS identifier is given. bSIMBAD types correspond to the following classes: pA? - post AGB candidate; RB? - Red Giant Branch star
candidate; Em* - emission-line star; MIR - Mid-IR source; LP* - long-period variable; * - star.

For northern hemisphere targets, we used our observatories
in France. The setups are similar to those in Chile and consist
of a 0.2-m F/5 Newtonian or a 0.35-m F/8 Schmidt–Cassegrain
telescope, coupled to an Alpy600 or a LISA spectrograph with a
50 µm slit (R = 500). Observations were performed with ATIK
414EX cooled cameras, equipped with 1392× 1040 pixel sen-
sors of 6.45 µm pixel size. This configuration provides a disper-
sion of approximately 3.0 Å/pixel, covering a spectral range of
3800–7800 Å for the Alpy600 and 4000–7500 Å for the LISA.

Typical exposures used 1200 s subframes at 1×1 binning,
with total integration times ranging from 60 minutes to sev-
eral hours, depending on the target brightness. Data reduc-
tion was performed using the Integrated Spectrographic
Innovative Software (ISIS)7. All spectra were corrected for
dark, bias, and flat-field frames using standard techniques. The
instrumental response was determined from reference spectra of
flux standard stars obtained under the same observing conditions
as the targets. Wavelength calibration was performed using an
argon-neon lamp. No telluric correction was applied to the final
spectra.

6. Results

Among our sample of 14 objects, we identify only one source
likely to be a new PN in the LMC (Section 6.1). We also re-
port an additional new genuine symbiotic star, which we classi-
fied as D-type based on its infrared properties, despite its optical
spectrum showing a faint M-type continuum (Section 6.2). Eight
sources exhibit strong [O iii]λ4363 emission, comparable to or
stronger than Hγ, suggesting a D- or D’-type symbiotic nature
(Section 6.3). The sample further includes a possible magnetic
cataclysmic variable (polar; Section 6.4), and three possible Be
stars in the SMC region (Section 6.5).

For diagnostic purposes discussed below, Fig. 3 shows the
positions of our 14 candidates (when data are available) in in-
frared color–color diagrams constructed from 2MASS (Skrut-
skie et al. 2006) and WISE (Wright et al. 2010) observations.

7 http://www.astrosurf.com/buil/isis-software.html

The corresponding magnitudes and color indices are provided in
Tables B.3 and B.4. For comparison, we also plot the locations of
compact true PNe from HASH (i.e., PNe with major diameters
smaller than 10′′ or assigned a stellar morphology class) and all
confirmed S-, D-, and D’-type symbiotic binaries from NODSV.

6.1. New PN 2MASS J05042350-6946395 in the Large
Magellanic Cloud

2MASS J05042350-6946395 has been identified as a post-AGB
candidate in the LMC (van Aarle et al. 2011), and more recently
suggested to be a pre-PN (Ishioka et al. 2023).

Our spectrum (see Fig. 4) shows Hβ ∼ 1.5 × [O iii] λ5007,
Hα ∼ 3 × [N ii] λ6584, weak He i λ5876, and a slightly rising
continuum toward the blue. At first glance, these features are
consistent with a PN nature. The Balmer decrement, Hα/Hβ ∼ 3,
implies relatively low extinction under Case B assumptions, in
agreement with the low foreground Galactic extinction in this
direction, E(B–V) ∼ 0.16 mag (Bovy et al. 2016). The observed
radial velocity is compatible with LMC membership.

However, the spectrum reveals atypical features for a clas-
sical PN. In particular, [O ii] λ3727 is strong, comparable in in-
tensity to Hβ even without extinction correction. We also detect
[O ii] λλ7319, 7330 and [Ca ii] λ7324, lines commonly associ-
ated with fast-shock excitation (Dopita & Sutherland 1996), the
latter also tracing grain destruction, and frequently observed in
Herbig–Haro (HH) objects. Lines that typically dominate HH
spectra (Dopita 1978; Brugel et al. 1981; Goodrich 1991; Raga
et al. 1996), such as [S ii] λλ6716, 6731, are barely detected
and remain much fainter than Hα, while [O i] λλ6300, 6364
and [S ii] λλ4068, 4076 are absent. This effectively rules out an
HH classification, further supported by the lack of nearby star-
forming regions.

A weak [N ii] λ5755 line is present despite the modest
strength of [N ii] λλ6548, 6583, indicating high electron den-
sities. This is further supported by the [S ii] 6716/6731 ratio
of 0.45 reported by Ishioka et al. (2023). Its location in IR
color–color diagrams (see Fig. 3) is consistent with the distri-
bution of known PNe in the Magellanic Clouds. The SED shows
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Fig. 4. Spectrum of the newly identified PN in the LMC, 2MASS
J05042350–6946395, normalized to Hα.

a rising continuum beyond 10 µm, likely due to dust heated by
the central star.

We therefore conclude that 2MASS J05042350-6946395
could be a young, dense PN in the LMC. The presence of hy-
drogen and helium recombination lines, together with forbid-
den lines from metals, indicates that the object has evolved be-
yond its protoplanetary phase, following the definition of Kwok
(2000).

6.2. D-type symbiotic star ATO J315.3668+45.9271

The spectrum of ATO J315.3668+45.9271 (see Fig. 5) shows
a faint M-type continuum together with H i, He i, and numer-
ous high-ionization lines, including [O iii], He ii, and Raman-
scattered O vi. At first glance, these optical features are consis-
tent with an S-type symbiotic binary. However, the very high
Hα/Hβ ratio (∼ 32) indicates substantial extinction. The clas-
sification tree of Akras et al. (2019b) suggests a likely D’-type
symbiotic star, although this is not consistent with the spectral
type of the cool component.

The SED (Fig. 6) peaks near 1 µm and exhibits an infrared
excess that cannot be attributed to the giant alone. Fitting the ris-
ing profile toward short wavelengths is unreliable due to several
unknown parameters, including the luminosity of the hot compo-
nent, the nebular temperature, and the dominant effect of extinc-
tion in this wavelength range. In contrast, IR measurements are
less affected by extinction, allowing for more robust modeling.
We dereddened the data using the total line-of-sight extinction,
E(B−V) ∼ 1.74, derived from the extinction model of Bovy et al.
(2016), which combines the dust maps of Drimmel et al. (2003),
Marshall et al. (2006), and Green et al. (2015). We then mod-
elled the IR portion of the SED with two components (Fig. 6)
at the geometric distance of 3942 pc (Bailer-Jones et al. 2021).
The first component is an M-type giant with Teff = 3100 K and
log(g) = 2, using BT-Settl models (Allard 2014). The second is a
blackbody corresponding to a dust shell at ∼ 950 K with a radius
of ∼ 7.4×1013 cm, consistent with values of Sacuto et al. (2007)
and Angeloni et al. (2010).

The light curves (Fig. 7) show significant variability in both
optical and MIR bands. The WISE W1 and W2 bands exhibit
amplitudes up to ∼ 3 mag. The GRP band varies by ∼ 2 mag
with a period of roughly 500 days, consistent with Mira pulsa-
tions (Whitelock 1987; Gromadzki et al. 2009; Merc 2026). In
contrast, GBP shows no comparable periodic variability, instead
displaying a gradual decline of ∼ 0.2 mag over the monitoring
period, indicating that the contribution of the giant at these wave-
lengths is minor. The ZTF g and r bands show smaller variations
of ∼ 0.8 mag, but with a more complex pattern than GRP.

This analysis indicates that ATO J315.3668+45.9271 is a D-
type symbiotic star, with a dust shell not optically thick enough
to fully obscure the M-type giant. As mentioned earlier, this star
was also classified as a symbiotic candidate in the variability
analysis of Gaia DR3 (Rimoldini et al. 2023; Eyer et al. 2023)
and by Ball et al. (2025), although these works provided no ad-
ditional information on the star. On the other hand, Tatarnikov
et al. (2025) obtained spectroscopic follow-up, and their results
are fully consistent with our conclusions.
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6.3. New D- or D’-type symbiotic candidates with strong
[O iii]λ4363 emission

The spectra of the objects discussed in this section are pre-
sented in Fig. 8. Mul 20, Mul 22, 2MASS J10230286-5420071,
WRAY 15-678, IRAS 21136+5810, and IRAS 11015-5850 ex-
hibit high-excitation PN-like spectra, with [O iii]λ5007 much
stronger than Hβ and, in some cases, weak He iiλ4686 emission.
However, the strength of [O iii]λ4363, exceeding that of Hγ, in-
dicates a symbiotic nature. Notably, despite the high-excitation
features in WRAY 15-678 suggested by the [O iii]λ5007/Hβ ra-
tio, the He iiλ4686 line is absent. IRAS 11015-5850 shows a ris-
ing blue continuum with prominent Balmer absorption features,
which may originate from the cool component, suggesting an F-
or G-type giant rather than an M-type giant.

Mul 21 and 2MASS J20385125+3111042 display spectra in-
consistent with classical PNe: the [O iii] doublet is comparable
in strength to both Hβ and He iiλ4686, indicating high excitation
and electron densities that are atypical for PNe. In both cases,
[O iii]λ4363 is also very strong, reinforcing a symbiotic classifi-
cation.

The positions of our eight objects in the 2MASS and WISE
color–color diagrams (Fig. 3) are consistent with the distribu-
tion of D- or D’-type symbiotics. We propose in Table B.2 a
classification of these dusty symbiotic stars based on the anal-
ysis of their photometric data. None of the available long-term
monitoring surveys, namely the All-Sky Automated Survey for
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Fig. 7. Light curves of ATO J315.3668+45.9271. Upper panel: MIR
photometry from WISE. Bottom panel: Optical photometry from Gaia,
and ZTF surveys. All light curves share the same timescale.

Supernovae (ASAS-SN; Shappee et al. 2014; Kochanek et al.
2017), the Asteroid Terrestrial-impact Last Alert System (AT-
LAS; Tonry et al. 2018; Smith et al. 2020; Shingles et al. 2021),
the Zwicky Transient Facility (ZTF; Masci et al. 2019), and
Gaia DR3 (Gaia Collaboration et al. 2023) in the optical domain,
or NEOWISE (Mainzer et al. 2011, 2014) in the mid-infrared,
show evidence of Mira-type pulsations. This lack of variabil-
ity is most likely due to an optically thick dust shell around the
evolved giant (Mikołajewska 2012). Only 2MASS J10230286-
5420071 and 2MASS J20385125+3111042 exhibit maximum
amplitude variations of ∼ 0.5 mag in the WISE W1 and W2
bands, without any clear periodicity over the 10-year monitoring
period. These modest variations may be associated with pulsa-
tions of the cool component, but the flux appears to be dominated
by dust thermal emission. For 2MASS J20385125+3111042 and
IRAS 21136+5810, ZTF measurements show maximum ampli-
tude variations of ∼ 0.2 mag in both the g and r bands.

Following the classification scheme of Akras et al. (2019b),
our eight objects fall among D’-type symbiotic binaries, with the
exception of IRAS 11015-5850, whose IR color indices do not
allow a clear distinction between the two types.

We further examined the spectral energy distributions
(SEDs) of these sources, shown in Fig. A.1, collecting the data
from Galaxy Evolution Explorer (GALEX) satellite (Bianchi
2014), Gaia DR3 (GBP, GRP, and synthetic Johnson B, V, I, and
Sloan r, g, i, z; Gaia Collaboration et al. 2023), the Guide Star
Catalog II (GSC; Lasker et al. 2008), the Panoramic Survey Tele-
scope and Rapid Response System (Pan-STARRS; Chambers
et al. 2016), the AAVSO Photometric All-Sky Survey (APASS;
Henden et al. 2015), the COSMOS survey (Koekemoer et al.
2007), the Two Micron All Sky Survey (2MASS; Skrutskie
et al. 2006), VISTA Hemisphere Survey (VHS; McMahon et al.
2013), the Deep Near-infrared Southern Sky Survey (DENIS;
Epchtein et al. 1997), the Wide-field Infrared Survey Explorer
(WISE; Wright et al. 2010), AKARI (Ishihara et al. 2010), and
Infrared Astronomical Satellite (IRAS; Beichman et al. 1988).
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Mul 21, 2MASS J10230286-5420071, and WRAY 15-678
clearly exhibit a peak intensity between 2 and 4 µm, while IRAS
measurements (available only for WRAY 15-678) indicate an
additional rise near 10 µm. These are typical IR features of
D-type symbiotic stars. The 2–4 µm peak is attributed to the
optically thick dust shell obscuring the giant, generally heated
to 700–1000 K (Allen 1982; Kenyon et al. 1986, 1988; Akras
et al. 2019a), whereas the secondary peak near 10 µm origi-
nates from a cooler dust shell at approximately 400 K (Angeloni
et al. 2010; Jurkic & Kotnik-Karuza 2018). The positions of
2MASS J10230286-5420071 and WRAY 15-678 in the 2MASS
color–color diagram (Fig. 3) further support a D-type classifica-
tion rather than D’-type.

In contrast, 2MASS J20385125+3111042,
IRAS 21136+5810, and IRAS 11015-5850 exhibit no 2–4 µm
peak and show a declining profile from the optical range.
IRAS 11015-5850 displays a faint bump near 8 µm, while
the far-IR measurements of IRAS 21136+5810 indicate an
increasing flux at 100 µm. These low temperatures, not ex-
ceeding ∼500 K, point toward a D’-type nature (Allen 1984;
Angeloni et al. 2007). The positions of IRAS 21136+5810
and IRAS 11015-5850 in the 2MASS color–color diagram
(Fig. 3) further support a D’-type classification rather than
D-type. The Balmer-line absorption features in the optical

spectrum of IRAS 11015-5850 provide additional evidence for
its D’-type nature. Finally, the cases of Mul 20 and Mul 22
remain ambiguous due to their relatively flat IR profiles, which
suggest a D’-type nature (Akras et al. 2019a), but their weak
2–4 µm bumps favor a D-type classification.

Figure 9 shows the positions of these sources in the diagnos-
tic diagrams developed by Gutierrez-Moreno et al. (1995) and
Iłkiewicz & Mikołajewska (2017) for distinguishing PNe from
symbiotic binaries. Line ratios were derived from the maximum
intensities of the relevant emission lines (see Table B.5). For
comparison, we used spectra available in HASH to plot the posi-
tions of known D- or D’-type symbiotics and compact PNe; the
reference set is listed in Table B.6. The only known PN falling
within the SySt region is M3-27, a well-studied, dense, and very
young PN (Miranda et al. 1997; Ruiz-Escobedo et al. 2024). All
eight of our objects occupy the D- or D’-type SySt regions of the
diagrams, clearly separated from the PN domain.

6.4. New polar 2MASS J00302193-7340258

The spectrum of 2MASS J00302193-7340258, shown in Fig. 10,
is clearly not PN-like. It displays broad Balmer emission
lines with an inverted decrement, Hα/Hβ ≈ 0.62. Weak
He i λλ5876, 7065 and strong He ii λ4686 are also present. An
X-ray source (1RXS J205812.8+292037) lies close to the object
and was noted by Kaplan et al. (2006) as a possible counterpart.
These spectral characteristics are typical of polar CVs (Oliveira
et al. 2017, 2020; O’Connor et al. 2023; Szkody et al. 2024). The
position of the object in the HR diagram (GBP–GRP = 0.79 mag,
MG = 8.2 mag) is also consistent with the locus of known polar
CVs (see Fig. 2 in Abril et al. 2020). To derive MG, we adopted
the 3D dust extinction map (Bovy et al. 2016) and the geometric
distance of 659.45 pc from Bailer-Jones et al. (2021).

6.5. New possible Be stars in the direction of the Small
Magellanic Cloud

The spectra of 2MASS J00302193-7340258,
2MASS J00520200-7300074, and [MA93] 332 are shown
in Fig. 11. The first two objects exhibit radial velocities consis-
tent with SMC membership, while the third shows no significant
velocity shift, likely due to the low S/N and the fact that the
SMC systemic velocity is comparable to our measurement
uncertainty (∼100 km s−1)8. All three spectra display similar
characteristics: a hot, stellar-like continuum and weak Hα
emission. We therefore classify these sources as likely reddened
Be stars.

A previous spectroscopic observation of [MA93] 332 was
reported by Meyssonnier & Azzopardi (1993), who noted the
absence of a detectable continuum and only a faint, uncertain
Hα line. The object was subsequently classified in SIMBAD as
an emission-line star. Later, 2MASS J00520200-7300074 was
identified as a red-giant-branch candidate by Boyer et al. (2011),
based on Spitzer Space Telescope infrared observations; how-
ever, our spectrum does not support this classification.

8 In the catalog of Jiménez-Arranz et al. (2023), the first object is as-
signed an almost unit probability of being an SMC member, whereas
this probability is lower for the second and nearly negligible for the
third, suggesting that the latter two may in fact be foreground stars. A
precise radial-velocity measurement would be required to confirm their
membership.
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7. Conclusion

The spectroscopic coverage provided by Gaia DR3, although in
low resolution, combined with the ESP-ELS classification algo-
rithm, offers a new opportunity to explore emission-line objects
across the entire sky in a uniform way. In this work, we analyzed
the subsample of sources that ESP-ELS classified as potential
PNe, with the aim of assessing the reliability of the automated
classification and identifying previously unrecognized objects of
interest.

The ESP-ELS algorithm applied to the low-resolution XP
spectra yielded 273 PN candidates. Among them, 119 corre-
spond to known PNe listed in the HASH database. The remain-
ing sources include a significant number of dusty symbiotic sys-

tems catalogued in NODSV (∼80% of currently known D- and
D’-type symbiotics), as expected given their spectroscopic re-
semblance to compact PNe.

The relatively small number of genuine PNe recovered by
ESP-ELS, compared to the ∼4700 catalogued in HASH, can
be attributed to several factors. Gaia is optimized for point-
source detection, and the algorithm imposes a magnitude limit
(G < 17.65 mag), leaving only ∼500 sources potentially suit-
able for reliable classification. Successful classification further
requires that sources are identified as reliable Hα emitters, i.e.,
the Hα pseudo-equivalent width measured by ESP-ELS must be
negative with low uncertainty. Although PNe are intrinsically
strong Hα emitters, hundreds of faint objects or those with low-
quality XP spectra fail this criterion. Futhermore the classifica-
tion relies on detectable Hβ and [O iii] λλ4959,5007 emission,
which further excludes PNe significantly affected by extinction
and exhibiting spurious features in the BP part of the spectrum.

From the ESP-ELS output, we selected 14 objects of partic-
ular interest, those with uncertain or unknown classifications in
the literature and XP spectra showing prominent emission fea-
tures. Follow-up spectroscopy was carried out using the 2SPOT
facilities in France and Chile. Among these, we identified one
PN in the LMC, nine bona fide or likely D- and D’-type sym-
biotic systems, one magnetic cataclysmic variable (polar), and
three possible Be stars in or toward the SMC.

This study illustrates both the potential and the limitations of
machine-learning classifications based on Gaia XP spectra, as
well as of the value of ground-based follow-up observations, par-
ticularly in cases where different types of emission-line sources,
such as compact PNe and dusty symbiotic systems, exhibit over-
lapping spectral characteristics (in particular in low resolution).
Nevertheless, the availability of a homogeneous, all-sky spec-
troscopic dataset like that provided by Gaia, when combined
with targeted ground-based spectroscopy, represents a powerful
tool for the discovery, classification, and characterization of di-
verse classes of emission-line objects. Future releases of Gaia
data, together with the refinement of training samples and cross-
validation with complementary surveys, will further enhance the
ability to disentangle these populations.
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Appendix A: SED of observed objects
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Fig. A.1. Spectral energy distributions of eight D- or D’-type symbiotic candidates showing [O iii] λ4363 stronger than Hγ, along with the SED of
the young, dense PN 2MASS J05042350-6946395. Photometric data were collected from GALEX, Gaia DR3, Pan-STARRS, APASS, COSMOS,
2MASS, VHS, DENIS, WISE, AKARI, and IRAS. The dereddened data were computed using the total line-of-sight extinction for each object
(Bovy et al. 2016).
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Appendix B: Additional tables

Table B.1. Gaia DR3 (Gaia Collaboration et al. 2023) parallax ϖ, goodness-of-fit (GOF), RUWE of target objects. The geometric distances from
Bailer-Jones et al. (2021) are listed and adopted for the calculations in this work. The calculated vertical distances from the Galactic disc are also
included in the Table. The last column contains the subclass of each target.

Object ϖ ϖ/σϖ RUWEa GOFb Dist. (B-J) z Nature

[mas] [kpc] [pc]

2MASS J00302193-7340258 -0.019±0.067 -0.3 0.96 -1.00 9.97+2.53
−2.48 -6844+1739

−1706 Possible Be star

[MA93] 332 -0.681±0.267 -2.6 5.84 87.29 5.25+3.91
−1.8 -3693+2749

−1265 Possible Be star

2MASS J00520200-7300074 0.109±0.067 1.6 0.94 -1.55 6.07+1.98
−1.33 -4229+1377

−929 Possible Be star

2MASS J05042350-6946395 -0.288±0.154 -1.9 3.86 51.89 6.94+2.73
−2.12 -3932+1547

−1199 PN

2MASS J10230286-5420071 -0.020±0.049 -0.4 1.00 0.12 9.55+2.34
−1.94 415+102

−84 D-type SySt

WRAY 15-678 0.003±0.055 0.1 1.09 2.31 8.24+2.35
−1.7 -159+46

−33 D-type SySt

IRAS 11015-5850 0.212±0.020 10.4 1.04 1.19 4.14+0.54
−0.34 66+9

−5 D’-type SySt

Mul 22 0.090±0.047 1.9 1.02 0.59 7.33+2.15
−1.75 1828+536

−436 D-type SySt

Mul 20 0.180±0.057 3.2 1.05 1.38 4.88+2.08
−1.10 1154+493

−261 D-type SySt

Mul 21 0.163±0.114 1.4 1.12 2.51 5.39+2.19
−1.38 -562+229

−144 D-type SySt

2MASS J20385125+3111042 0.622±0.014 44.3 0.98 -0.60 1.53+0.03
−0.04 -165+3

−4 D’-type SySt

2MASS J20581257+2920454 1.500±0.074 20.3 1.01 0.33 0.66+0.03
−0.03 -121+6

−5 Polar CV

ATO J315.3668+45.9271 0.269±0.079 3.4 1.63 15.76 3.49+1.01
−0.59 -18+5

−3 D-type SySt

IRAS 21136+5810 0.099±0.017 5.7 1.03 0.91 7.69+1.06
−0.71 882+122

−81 D’-type SySt

Notes. aRenormalised Unit Weight Error (RUWE). A value close to 1.0 suggests a good fit with a single-star model, whereas notably higher values
may point to problems with the astrometric solution or the presence of a binary companion. bGoodness-of-fit statistic for the astrometric solution.
As per the Gaia DR3 documentation, values of ≳3 indicate a poor fit to the observed data.

Table B.2. Log of spectroscopic observations of our selected objects, and their proposed nature.

Object Exposure time Julian Date Obs. Site Nature
2MASS J00302193-7340258 3 x 1200 s 2460934.7322 DSC Possible Be star
[MA93] 332 3 x 1200 s 2460934.8007 DSC Possible Be star
2MASS J00520200-7300074 5 x 1200 s 2460935.8203 DSC Possible Be star
2MASS J05042350-6946395 3 x 1200 s 2460756.5345 DSC PN
2MASS J10230286-5420071 5 x 1200 s 2460756.6037 DSC D-type SySt
WRAY 15-678 9 x 1200 s 2460756.7264 DSC D-type SySt
IRAS 11015-5850 6 x 1200 s 2460765.7139 DSC D’-type SySt
Mul 22 6 x 1200 s 2460567.5593 DSC D-type SySt
Mul 20 2 x 1200 s 2460566.6062 DSC D-type SySt
Mul 21 4 x 1200 s 2460566.5556 DSC D-type SySt
2MASS J20385125+3111042 5 x 1200 s 2460886.4663 OHP D’-type SySt
2MASS J20581257+2920454 8 x 1200 s 2460910.4236 Cornillon Polar CV
ATO J315.3668+45.9271 5 x 1200 s 2459787.5084 OHP D-type SySt
IRAS 21136+5810 5 x 1200 s 2460887.4180 OHP D’-type SySt
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Table B.3. Infrared magnitudes from 2MASS survey of our selected objects.

Object J [mag] H [mag] K [mag] H-K [mag] J-H [mag] Nature
2MASS J00302193-7340258 17.10 15.94 15.73 0.21 1.16 Possible Be star
[MA93] 332 16.36 15.85 15.42 0.43 0.51 Possible Be star
2MASS J05042350-6946395 15.99 15.75 14.38 1.37 0.24 PN
2MASS J10230286-5420071 14.35 12.52 11.12 1.40 1.83 D-type SySt
WRAY 15-678 13.38 11.17 9.26 1.92 2.21 D-type SySt
IRAS 11015-5850 13.61 13.23 12.67 0.56 0.38 D’-type SySt
Mul 22 15.59 14.90 13.42 1.48 0.69 D-type SySt
Mul 20 15.33 14.45 12.84 1.61 0.88 D-type SySt
Mul 21 16.46 15.60 14.09 1.51 0.86 D-type SySt
2MASS J20385125+3111042 11.80 10.92 10.20 0.72 0.88 D’-type SySt
2MASS J20581257+2920454 15.01 14.11 13.41 0.70 0.90 Polar CV
ATO J315.3668+45.9271 9.39 7.83 6.75 1.08 1.56 D-type SySt
IRAS 21136+5810 12.79 12.22 11.65 0.57 0.56 D’-type SySt

Table B.4. Infrared magnitudes from WISE satellite of our selected objects.

Object W1 W2 W3 W4 W1-W2 W3-W4 Nature
[mag] [mag] [mag] [mag] [mag] [mag]

2MASS J00302193-7340258 16.62 16.54 12.94 8.99 0.07 3.95 Possible Be star
2MASS J05042350-6946395 13.04 12.02 7.50 4.51 1.03 2.99 PN
2MASS J10230286-5420071 9.79 9.11 7.96 5.91 0.68 2.05 D-type SySt
WRAY 15-678 6.84 5.17 2.43 0.74 1.67 1.69 D-type SySt
Mul 22 11.49 10.46 6.58 4.66 1.03 1.92 D-type SySt
Mul 20 11.08 10.04 6.31 4.36 1.04 1.95 D-type SySt
Mul 21 11.99 10.87 8.14 6.44 1.13 1.70 D-type SySt
2MASS J20385125+3111042 8.82 8.10 5.76 4.21 0.72 1.55 D’-type SySt
2MASS J20581257+2920454 13.11 12.57 11.25 9.27 0.53 1.98 Polar CV
ATO J315.3668+45.9271 5.23 4.31 2.08 1.23 0.92 0.85 D-type SySt
IRAS 21136+5810 10.36 9.20 5.55 3.42 1.16 2.12 D’-type SySt

Table B.5. Peak intensities of lines of interest derived from our observations (no extinction correction applied).

Object [Ne iii] Hγ [O iii] He ii Hβ [O iii] Hα Nature
λ3869 λ4340 λ4363 λ4686 λ4861 λ5007 λ6562

2MASS J05042350-6946395 - 0.46 - - 1 0.68 3.14 PN
2MASS J10230286-5420071 0.77 0.44 0.36 - 1 2.96 5.18 D-type SySt
WRAY 15-678 1.35 0.54 1.34 - 1 5.71 30.58 D-type SySt
IRAS 11015-5850 1.02 0.51 1.00 0.52 1 3.07 5.62 D’-type SySt
Mul 22 1.40 0.43 1.07 0.22 1 5.92 4.18 D-type SySt
Mul 20 2.13 0.45 0.94 - 1 8.45 3.13 D-type SySt
Mul 21 0.92 0.44 0.70 0.60 1 0.95 7.14 D-type SySt
2MASS J20385125+3111042 - 0.46 0.83 0.50 1 1.05 4.20 D’-type SySt
2MASS J20581257+2920454 - 1.14 - 0.73 1 - 0.62 Polar CV
ATO J315.3668+45.9271 - - - 0.39 1 1.40 32.00 D-type SySt
IRAS 21136+5810 - 0.50 0.78 0.47 1 1.69 5.60 D’-type SySt
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Table B.6. PNe and symbiotic stars set plotted in diagnostic diagrams in Fig.9.

Object Naturea Spectrum
Cn 1-1 Confirmed D-type SySt Acker et al. (1992)
H 1-36 Confirmed D’-type SySt Acker et al. (1992)
M 1-2 Confirmed D-type SySt Acker et al. (1992)
Hen 2-101 Confirmed D’-type SySt Acker et al. (1992)
Hen 2-104 Confirmed D’-type SySt Acker et al. (1992)
Hen 2-171 Confirmed D’-type SySt Acker et al. (1992)
JaSt 79 Confirmed D’-type SySt HASH teamb

K 5-33 Confirmed D’-type SySt HASH teamb

ShWi 2-5 Confirmed D-type SySt HASH teamb

SaSt 1-1 Confirmed D-type SySt HASH teamc

IC 4997† True PN HASH teamc

IC 5117 True PN Acker et al. (1992)
M 2-29 Likely PN Acker et al. (1992)
M 3-27 True PN Acker et al. (1992)
NGC 6833 True PN Acker et al. (1992)
PC 11 Possible PN Acker et al. (1992)
Vy 2-2 True PN Acker et al. (1992)
NGC 7027 True PN Kwitter & Henry (1996)
NGC 6886 True PN Kwitter & Henry (2001)
NGC 6790 True PN Kwitter & Henry (2001)
Hb 12 True PN Kwitter et al. (2003)
K 4-47 True PN Henry et al. (2010)
NGC 6302 True PN Henry et al. (2010)
NGC 6881 True PN Henry et al. (2010)

Notes. aNature from NODSV for symbiotics and from HASH for PNe. bSpectrum obtained at the Australian Astronomical Observatory with 3.9
m telescope. cSpectrum obtained at South African Astronomical Observatory with 1.9 m telescope.†The [O iii]λ5007 line is saturated; its intensity
was estimated as three times that of [O iii] λ4959.
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