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Figure 1. Representative SEDs for nine Post-AGB objects. Top row – IRAS 06176-1036 (the Red Rectangle), IRAS 10158-2844 (HR4049), and IRAS 10256-
5628; Middle row – IRAS 11339-6004, IRAS 11544-6408, and IRAS 13416-6243; Bottom row – IRAS 18071-1727, IRAS 18450-0148 and IRAS 19480+2504.

Table 4. Derived Parameters and distances for 209 likely PAGB stars in the Toruń catalogue, ordered by Galactic longitude. The table is published in its
entirety as an online supplement, and a portion is shown here for guidance regarding its form and content.

IRAS No. Other Name l b Flux Flux Luminosity Distance Td FIR/F!

(◦) (◦) (erg s−1 cm−2) (L#kpc−2) (L#) (kpc) (K)

17581−2926 GLMP 688 1.293 −3.199 1.34E-09 42 3500 ± 1500 9.16± 2.24 111 ± 27 2.85
17291−2402 GLMP 575 2.518 5.120 4.11E-09 128 3500 ± 1500 5.23± 1.28 126 ± 4 37
17349−2444 GLMP 593 2.652 3.637 2.27E-09 70 3500 ± 1500 7.05± 1.72 113 ± 3 16
18371−3159 LSE 63 2.918 −11.818 1.47E-09 46 6000 ± 1500 11.44 ± 1.53 134 ± 5 2.07
17576−2653 . . . 3.472 −1.853 3.29E-09 102 3500 ± 1500 5.85± 1.43 121 ± 2 5.72
17516−2525 GLMP 662 4.038 0.056 5.01E-08 1559 6000 ± 1500 1.96± 0.26 125 ± 11 1.10
17074−1845 LSE 3 4.100 12.263 2.50E-09 78 6000 ± 1500 8.78± 1.18 144 ± 1 3.28
17441−2411 Silkworm Nebula 4.223 2.145 3.14E-08 977 9000 ± 3000 3.03± 0.56 119 ± 5 115
17332−2215 GLMP 588 4.542 5.295 2.64E-09 82 3500 ± 1500 6.53± 1.59 129 ± 5 20
17360−2142 GLMP 600 5.364 5.038 2.29E-09 71 3500 ± 1500 7.01± 1.71 125 ± 6 7.25
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Observational Sample 

Introduction  
We have commenced a detailed analysis of the known sample of Galactic post-
asymptotic giant branch (PAGB) objects compiled in the Toruń Catalogue of 
Szczerba et al. (2007, 2012), and present, for the first time, homogeneously 
derived distance determinations for the 209 likely and 87 possible catalogued 
PAGB stars from that compilation. Knowledge of PAGB distances is essential in 
determining meaningful physical characteristics for these sources and this has 
been difficult to determine for most objects previously. The distances were 
determined by modeling their spectral energy distributions (SEDs) with multiple 
black-body curves, and integrating under the overall fit to determine the total 
distance-dependent flux.  

We have used a standard-candle luminosity to estimate the SED distances. For 
Galactic thin disk objects, we use several luminosity bins based on typical 
observational characteristics, ranging between 3500 and 20000L⊙. We further 
adopt a default luminosity of 1700 L⊙ for all Population II objects. We have also 
applied the above technique to a further sample of 80 related nebulae not in the 
current edition of the Toruń catalogue, some of these being well known PAGB 
mimics (see Frew & Parker 2010).  The full details on our technique, and the 
catalogue of distances for all 376 objects, are given in Vickers et al. (2013).  

Figure 2 (above):  SEDs for two more objects: GLMP 315 (left) and IRAS 13416-6243 (right). 

Summary and Future Work 
We have produced the first catalogue of homogeneously derived distances to 
the population of Galactic PAGB stars. As we have undertaken a statistical 
approach, we made the simplifying assumption of fitting blackbody curves to the 
SEDs we built for each object.  In a follow-up paper we will estimate distances 
to the RV Tauri variables and R CrB stars, allowing a population comparison of 
these objects with the other subclasses of PAGB stars, as well as with the 
population of Galactic PNe (Frew 2008; Frew et al. 2013) for the first time. 

Method 

The Toruń catalogue provides easy online access to processed photometric and 
spectroscopic data for the currently identified Galactic population of PAGB stars 
and related objects. With the advent of this compilation of all known objects and 
flux data, our distance technique can be applied to the known PAGB population, 
leading to a large-enough sample to exploit for scientific purposes. The 
catalogue is divided into five categories: (i) very-likely PAGB stars, (ii) RV Tauri 
stars, (iii) R Coronae Borealis / extreme Helium / Late thermal pulse stars, (iv) 
possible PAGB stars, and (v) unlikely PAGB objects. In our first paper, we  
mostly restrict our analysis to the first two categories. 

We have also utilised a number of additional sources that supplement the flux 
data presented in the Toruń catalogue. These include fluxes from several minor 
surveys, plus data that has been published since the most recent release of the 
catalogue (v2.0; Szczerba et al. 2007, 2012).  To gather much of these data, we 
interrogated the fifth edition of the Catalogue of Infrared Observations (Gezari, 
Pitts & Schmitz 1999, and references therein). This is a valuable source of 
literature data, but the catalogue includes both line and continuum fluxes, and 
data obtained using different aperture diameters, so in order to remove 
problematic fluxes we needed to carefully vet the data, object by object.  To do 
this we used the new online Macquarie database, detailed by Parker et al. 
(2013) at this meeting.  We also used more recent mid-IR flux data from the 
literature for individual sources if available.  Table 1 gives a comparison of the 
wavelengths and the angular resolution of each data set that was utilised.  

Table 1: Supplementary data to the Torun catalogue used to make the SED fits. 

The SED method works because the luminosity of these central stars is very 
nearly constant from the tip of the AGB phase to the beginning of the white-
dwarf cooling track (Schoenberner 1983; Vassiliadis & Wood 1994). This then 
enables us to use a standard-candle luminosity to estimate the SED distances. 
For Galactic thin-disk objects, we use several luminosity bins based on typical 
observational characteristics, ranging between 3500 and 20,000 L⊙. We further 
adopt a default luminosity of 1700 L⊙ for all Population II objects. We have also 
applied the above technique to a further sample of 80 related nebulae not in the 
current edition of the Toruń catalogue.  

From the fitting process we were able to derive a number of parameters for each 
object. The total monochromatic flux (in units of L⊙ kpc−2 ) was derived via 
numerical integration of the superposition of the Planck functions, integrated 
from 1000 Å to infinity. The luminosity dependent distance is then simply: 

D2 = L⋆ / 4πF 

where L⋆ is the assumed stellar luminosity (in solar units) and F is the integrated 
flux expressed in L⊙ kpc−2.  For most disk objects, we use L⋆ = 6000 L⊙, while for 
low-mass Galactic thick disk objects and metal-poor Population II stars the 
assumed luminosity becomes 1700 − 2000 L⊙ as discussed by Vickers et al. 
(2013). The distance uncertainty is derived from the quadratic sum of the 
uncertainties in the fluxes, the overall fit, and the assumed luminosity. 

Supplementary Data 
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for PAGB stars, such as a typical AGB luminosity (L = 2000 −
10000L!), approximate isotropy, and that the nebula is optically
thick, as shown by a large IR excess, then a SED distance can be
determined. If the nebula is not completely optically thick, then
the distance will be an upper limit. We also note that a young age
alone is not enough tof a discriminant to see if the SED distance
technique is applicable. Hen 3−1357 is a young, rapidly evolving
(Parthasarathy & Pottash 1989; Parthasarathy et al. 1993) but has
very little thermal dust emission, relative to its Hα flux. Here, in
Table A3, we provide data for ∼80 additional sources taken from
our extensive database of Galactic PNe and related objects (Parker
et al. 2013; Bojičić et al. 2013, in preparation). The meanings of
the column headings are identical to those in Table 4.

5.2 Comparison with Independent Distances

To support our application of the SED technique as a viable dis-
tance tool, a comparison with the highest-quality, independent lit-
erature distances is necessary. These distances are derived from
several primary techniques, e.g. trigonometric, or expansion par-
allaxes. We have compiled a sample of PAGB stars supplemented
with several (nascent)-pre-PNe8 and young compact PNe, which
have independently determined distances that we have deemed re-
liable. We have omitted from the comparison the distance calcu-
lated by Imai et al. (2011) for IRAS19312+1950, as it is not clear
if this is a bona fide PAGB star (Nakashima et al. 2011). We have
ignored any kinematic distances derived from radial velocities and
the assumption of circular motion around the Galaxy (e.g. Sahai,
Sánchez Contreras & Morris 2005). We justify this by noting the
peculiar velocities of many PAGB stars can be large, which lead
to inaccurate distances. Only for PPNe with high-mass progenitors
will this approach work.

The literature objects that we have used for the distance com-
parisons are given in Table 7 along with their literature distances
and the corresponding SED derived distance from this work, taken
from Tables 4, 5, and A3. Extended notes on some of these ob-
jects are given in §5.3. The sample of literature distances in-
cludes one object IRAS 07399−1435 (more commonly known as
OH231.8+4.2, Calabash, or Rotten Egg nebula) found in the possi-
ble section of the Toruń catalogue as well as three likely PAGB ob-
jects. We have added the final flash objects, FGSge (included in the
Toruń catalogue) and V605 Aql, embedded in recently-formed hot
dust, and hosted by an old faint planetary nebula, Abell 58 (Abell
1966; Bond 1976; Clayton & De Marco 1997; Clayton et al. 2013).

In Figure 4 we plot the SED derived distances against the inde-
pendent literature distances given in Table 7. A least squares fit of
the data with a slope of 1.00 ± 0.04 indicating that the two data
sets are in very good agreement. Figure 4 demonstrates clearly
that the SED technique is a viable method for determining dis-
tances to dusty PAGB objects. In addition to the independent dis-
tance comparison we have compared our SED distances (with a
default luminosity, L! = 6000 L!) with those derived by Sahai et
al. (2007), previously the largest sample of SED derived distances
for PAGB objects. In the bottom panel of Figure 4 we show that
our independent SED distances are in excellent agreement (slope

8 The term nascent PPN has been applied by Sahai et al. (2006) to the most
evolved dust-enshrouded AGB stars (e.g. Jura & Kleinmann 1989; Olivier,
Whitelock & Marang 2001) that are seen to have prominent surrounding re-
flection nebulae; see also Schmidt, Hines & Swift (2002) and Kim & Taam
(2012).
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Figure 4. Top: Literature comparison of distances listed in Table 7. In-
set: zoom of objects inside 5 kpc. Bottom: Comparison of distances from
this work with the SED distances from Sahai et al. (2007) using the same
method and with an assumed luminosity (L! = 6000 L!) for both data
sets. The blue line is a linear fit to the data, which has a slope close to unity.

of 0.98 ± 0.01) with those of Sahai et al. (2007). Note that we
have excluded the distance of IRAS 22036+5306 on the grounds
that the Sahai et al. (2007) distance was not derived using the SED
technique.

5.3 Notes on Some Individual Nebulae with Independent
Distances

5.3.1 IRAS 06176-1036 (HD44179)

This is the Red Rectangle, quite possibly the most famous pre-
PN for its beautiful reflection nebulosity (Cohen et al. 2004). We
required two black body curves to represent the dust component,
T ≈ 950 K and T ≈ 290 K, to represent the Keplerian disk in
this system (Men’shchikov et al. 2002). The integrated flux of the
Red Rectangle gives a distance of DSED = 0.83+0.12

−0.14 kpc com-
pared to the currently accepted distance of 0.73 kpc derived by
Men’shchikov et al. (2002). These authors also derived a core mass
of 0.58M! which corresponds to a luminosity of≈ 4000 L! using
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Figure 1. Representative SEDs for nine Post-AGB objects. Top row – IRAS 06176-1036 (the Red Rectangle), IRAS 10158-2844 (HR4049), and IRAS 10256-
5628; Middle row – IRAS 11339-6004, IRAS 11544-6408, and IRAS 13416-6243; Bottom row – IRAS 18071-1727, IRAS 18450-0148 and IRAS 19480+2504.

Table 4. Derived Parameters and distances for 209 likely PAGB stars in the Toruń catalogue, ordered by Galactic longitude. The table is published in its
entirety as an online supplement, and a portion is shown here for guidance regarding its form and content.

IRAS No. Other Name l b Flux Flux Luminosity Distance Td FIR/F!

(◦) (◦) (erg s−1 cm−2) (L#kpc−2) (L#) (kpc) (K)

17581−2926 GLMP 688 1.293 −3.199 1.34E-09 42 3500 ± 1500 9.16± 2.24 111 ± 27 2.85
17291−2402 GLMP 575 2.518 5.120 4.11E-09 128 3500 ± 1500 5.23± 1.28 126 ± 4 37
17349−2444 GLMP 593 2.652 3.637 2.27E-09 70 3500 ± 1500 7.05± 1.72 113 ± 3 16
18371−3159 LSE 63 2.918 −11.818 1.47E-09 46 6000 ± 1500 11.44 ± 1.53 134 ± 5 2.07
17576−2653 . . . 3.472 −1.853 3.29E-09 102 3500 ± 1500 5.85± 1.43 121 ± 2 5.72
17516−2525 GLMP 662 4.038 0.056 5.01E-08 1559 6000 ± 1500 1.96± 0.26 125 ± 11 1.10
17074−1845 LSE 3 4.100 12.263 2.50E-09 78 6000 ± 1500 8.78± 1.18 144 ± 1 3.28
17441−2411 Silkworm Nebula 4.223 2.145 3.14E-08 977 9000 ± 3000 3.03± 0.56 119 ± 5 115
17332−2215 GLMP 588 4.542 5.295 2.64E-09 82 3500 ± 1500 6.53± 1.59 129 ± 5 20
17360−2142 GLMP 600 5.364 5.038 2.29E-09 71 3500 ± 1500 7.01± 1.71 125 ± 6 7.25
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Table 2. Table summarising the catalogues of flux data utilised in this study.

Survey/Catalogue Wavebands (λeff µm) Resolution Reference

TD-1 0.157, 0.197, 0.237, 0.274 ∼7′ Thompson et al. (1978)
ANS 0.155, 0.180, 0.220, 0.250, 0.330 2.5′ Wesselius et al. (1982)
GALEX FUV (0.44), NUV (0.51) ∼4–6′′ Morrissey et al. (2007)
Tycho-2 BT (0.44), VT (0.51) ∼0.8′′ Høg et al. (2000)
DENIS I (0.82), J (1.25),Ks (2.15) 1–3′′ Epchtein et al. (1997)
2MASS J (1.24), H (1.66),Ks (2.16) 2′′ Skrutskie et al. (2006)
UKIDSS Z (0.88), Y (1.03), J (1.25), H (1.66),Ks (2.15) 1′′ Lawrence et al. (2007)
WISE W1 (3.4), W2 (4.6), W3 (12), W4 (22) 6–12′′ Wright et al. (2010)
Spitzer (IRAC) IRAC1 (3.6), IRAC2 (4.5), IRAC3 (5.8), IRAC4 (8.0) !2′′ Fazio et al. (2004)
RAFGL 4.2, 11.0, 19.8, 27.4 3.5′ Price & Murdock (1983)
MSX6C A (8.3), C (12.1), D (14.7), E (21.3) 18′′ Price et al. (2001)
AKARI (IRC) S9W (9.0), L18W (18.0) ∼2′′ Ishihara et al. (2010)
AKARI (FIS) 65, 90, 140, 160 30–50′′ Ishihara et al. (2010)
COBE/DIRBEa 3.5, 4.9, 12, 25, 60 40′ Smith, Price & Baker (2004)
IRAS 12, 25, 60, 100 0.5–2′ Neugebauer et al. (1984)
Spitzer (MIPS) 24, 70, 160 ∼6′′ Rieke et al. (2004); Carey et al. (2009)
Herschel (PACS) blue (70), red (160) 5–35′′ Pilbratt et al. (2010)
Herschel (SPIRE) PSW (250), PMW (350), PLW (500) 5–35′′ Pilbratt et al. (2010)
SCUBA 450, 850 8–14′′ Holland et al. (1999)
Planckb 857 GHz (350), 545 GHz (550), 353 GHz (849) 5–30′ Planck Collaboration VI (2011)

Notes: aWe have chosen to exclude all other wavelengths. bWe have excluded data longer that 1 mm (217 GHz, 143 GHz, 100 GHz)

where the central star is almost entirely obscured. Because of this,
photometry was only available for a relatively small number (∼ 40)
of objects.

We also utilised ultraviolet (UV) data, which are needed to
constrain the SEDs of the hotter PAGB stars. Our primary source of
photometry is from the Galaxy Evolution Explorer (GALEX) mis-
sion (Morrissey et al. 2007), which covers most of the sky (exclud-
ing the Galactic plane) at a resolution of 4–6′′ . We have taken the
GALEXmagnitudes directly from the survey website4, or from the
compilations of Bianchi et al. (2011a,b), which adopted 5-sigma
depths of mAB = 19.9 for the FUV and mAB = 20.8 for the NUV.
Data from the older TD-1 and Netherlands Astronomical Satellite
(ANS) ultraviolet space missions (Thompson et al. 1978; Wesselius
et al. 1982) were used to supplement the GALEX photometry. For
the TD-1 data, we have only used data with a SNR " 10, neces-
sarily restricting its use to fairly bright stars. For a single scan, the
limit of the system is about 9th visual magnitude for a B-type star
(Boksenberg et al. 1973). For the ANS data, only those objects are
in the catalogue that have in at least one channel a SNR > 4, or in
at least three channels a SNR > 3, were utilised.

2.1.2 Near- and Mid-infrared Photometry

From the Toruń catalogue we have used the given DENIS and
2MASS NIR data and supplemented this with recent JHK ob-
servations of heavily obscured PAGB stars and PNe from Ramos-
Larios et al. (2012). These newly acquired data are up to 7 mag
deeper than DENIS (Ks = 13.5; Epchtein et al. 1997) and 2MASS
(Ks = 14.3; Skrutskie et al. 2006) going to a depth of Ks ∼ 20.4,
making these data useful for fainter Galactic PAGB stars. In addi-
tion to the Ramos-Larios et al. (2012) data, we have also interro-
gated the UKIRT Deep Infrared Sky Survey (UKIDSS; Lawrence
et al. 2007) to obtain ZY JHKs magnitudes for fainter objects.

4 http://galex.stsci.edu/GR6/

UKIDSS is much more sensitive than 2MASS, with a Ks depth of
18.4–21.0 mag. We used the latest public data releases (DR) from
the various UKIDSS surveys; the Large Area Survey (LAS; DR9),
Galactic Clusters Survey (GCS; DR9), Deep Extragalactic Survey
(DXS; DR9) and the Galactic Plane Survey (GPS; DR6). In sev-
eral cases, we noted that incorrect NIR data has been incorporated
into the Toruń catalogue, especially for objects at low latitude in
crowded fields. We corrected these data accordingly, after perusal
of a range of multi-wavelength images taken from our new Mac-
quarie database (Parker et al. 2013).

While the UKIDSS data supersedes 2MASS for faint objects,
the saturation limits (∼ 12mag; Lucas et al. 2008) are significantly
brighter than for 2MASS (∼ 5mag for a 51 ms exposure; Cutri
2003), so the UKIDSS data is not usable for many bright PAGB
stars. Similarly, we have removed DENIS I , J andKs data brighter
than the nominal saturation limits of 10, 8 and 6.5 mag respectively,
where those data do not agree with other NIR data. Where the DE-
NISKs magnitudes differ significantly from the 2MASSKs mag-
nitudes, we uniformly adopt the 2MASS data. As the WISE 3.4,
4.6 and 11.6µmwavebands are also prone to saturation for brighter
objects, we have chosen to fit the black body curves through those
WISE data only if there exists agreement between the WISE and
other MIR data.

We also have IRAC MIR data from the Spitzer Space Tele-
scope Galactic Legacy Infrared Mid-Plane Survey Extraordinaire
(GLIMPSE; Fazio et al. 2004) and archival data from the Revised
Air Force Geophysics Laboratory (RAFGL) survey at wavelengths
of 4.2, 11.0, 20.0 and 27.0 µm (Price & Murdock 1983); see also
Kleinmann, Gillett & Joyce (1981), for a review. We have also
utilised five of the ten infrared bands of the Cosmic Microwave
Background Explorer (COBE) Diffuse Infrared Background Ex-
periment (DIRBE) point source catalogue (Smith, Price & Baker
2004), at 3.5, 4.9, 12, 25, and 60µm. Due to the large (42′) beam
size we have restricted our use of the DIRBE data to bright (F12 "

150 Jy), high latitude (|b| " 5◦) objects (e.g. Smith 2003) leaving
us with data for ∼ 10 objects.
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Figure 1. Representative SEDs for nine Post-AGB objects. Top row – IRAS 06176-1036 (the Red Rectangle), IRAS 10158-2844 (HR4049), and IRAS 10256-
5628; Middle row – IRAS 11339-6004, IRAS 11544-6408, and IRAS 13416-6243; Bottom row – IRAS 18071-1727, IRAS 18450-0148 and IRAS 19480+2504.

Table 4. Derived Parameters and distances for 209 likely PAGB stars in the Toruń catalogue, ordered by Galactic longitude. The table is published in its
entirety as an online supplement, and a portion is shown here for guidance regarding its form and content.

IRAS No. Other Name l b Flux Flux Luminosity Distance Td FIR/F!

(◦) (◦) (erg s−1 cm−2) (L#kpc−2) (L#) (kpc) (K)

17581−2926 GLMP 688 1.293 −3.199 1.34E-09 42 3500 ± 1500 9.16± 2.24 111 ± 27 2.85
17291−2402 GLMP 575 2.518 5.120 4.11E-09 128 3500 ± 1500 5.23± 1.28 126 ± 4 37
17349−2444 GLMP 593 2.652 3.637 2.27E-09 70 3500 ± 1500 7.05± 1.72 113 ± 3 16
18371−3159 LSE 63 2.918 −11.818 1.47E-09 46 6000 ± 1500 11.44 ± 1.53 134 ± 5 2.07
17576−2653 . . . 3.472 −1.853 3.29E-09 102 3500 ± 1500 5.85± 1.43 121 ± 2 5.72
17516−2525 GLMP 662 4.038 0.056 5.01E-08 1559 6000 ± 1500 1.96± 0.26 125 ± 11 1.10
17074−1845 LSE 3 4.100 12.263 2.50E-09 78 6000 ± 1500 8.78± 1.18 144 ± 1 3.28
17441−2411 Silkworm Nebula 4.223 2.145 3.14E-08 977 9000 ± 3000 3.03± 0.56 119 ± 5 115
17332−2215 GLMP 588 4.542 5.295 2.64E-09 82 3500 ± 1500 6.53± 1.59 129 ± 5 20
17360−2142 GLMP 600 5.364 5.038 2.29E-09 71 3500 ± 1500 7.01± 1.71 125 ± 6 7.25
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Figure 3 (left):  A comparison of our SED fitting 
distances with reliable independent distances 
taken from the literature for 20 post-AGB stars, 
dusty AGB stars and young, compact PNe.  These 
distances are measured using several primary 
techniques, such as trigonometric parallaxes, 
expansion parallaxes, or phase-lag measurements. 
A least squares fit of the data has a slope of 1.00 
± 0.04 indicating that the two data sets are in very 
good agreement. Thus, our SED technique is 
robust, provided the best quality data are used to 
make the fits. 

Distance Catalogue  
Table 2, below, shows a ten-line extract from the catalogue presented in Vickers 
et al. (2013). The column headings are self-explanatory, and the last two 
columns show the estimated blackbody temperature of the coolest dust 
component and the ratio of the flux of this component to the stellar luminosity. 

Figure 1:  Representative SEDs for two post-AGB objects: the Red Rectangle (left) and HR 4049 (right). 


