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Abstract. We present the near infrared photometry of a
new sample of 225 IRAS sources, many of them previously
unidentified in the literature, selected because their far in-
frared colours are similar to those shown by known plan-
etary nebulae. The results obtained are used to establish
the main source of near infrared emission. Combining this
information with the far infrared IRAS data and a few ad-
ditional criteria we determine the nature and evolutionary
stage of all the sources observed so far, including those for
which near infrared photometry was previously reported
in Papers I and II.

Among the unidentified IRAS sources in our sample we
find only a small percentage of planetary nebulae, many of
them very young and dusty, showing peculiar near infrared
colours. Most of the new objects observed in the near in-
frared are identified as transition objects in the previous
stages of the stellar evolution. Among them, we find heav-
ily obscured late-AGB stars, early post-AGB stars still ob-
scured by thick circumstellar envelopes which are probably
the true progenitors of planetary nebulae, and a significant
fraction of stars with bright optical counterparts showing
little or no near infrared excess, which we associate with
highly evolved post-AGB stars with low mass progenitors,
which may never become planetary nebulae. In addition,
we also find a small percentage of young stellar objects,
as well as a few Seyfert galaxies.

We conclude that, in most cases, based on near in-
frared data alone, it is not possible to give a confident
classification of the unidentified IRAS source. However,
the near infrared is shown to be a powerful tool, specially
when dealing with objects which are heavily obscured in
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the optical. In this case, the detection of the near infrared
counterpart is the only way in which we can extend the
study of these sources to other spectral ranges and may be
crucial to understand the short-lived phase which precedes
the formation of a new planetary nebula.
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general — planetary nebulae: general

1. Introduction

This is the third Paper of a series containing near
infrared photometry of a sample of IRAS sources with
far infrared colours similar to those shown by plan-
etary nebulae (PNe, hereafter). In the previous ones,
Manchado et al. (1989a; Paper I) and Garćıa-Lario et al.
(1990; Paper II) showed preliminary results obtained on
a subsample of these IRAS sources. The selection criteria
were previously described in Papers I and II. They are
based on the fact that PNe and objects in the transition
phase from the AGB to the PN stage are strong infrared
emitters with peculiar infrared colours. Thus, it is possi-
ble to separate a region in the IRAS two-colour diagram
12 µm/25 µm vs. 25 µm/60 µm where most of the objects
found are PNe or objects connected with this evolutionary
stage. Only a small overlap exists with other objects, like
Seyfert galaxies, compact H II regions and T-Tauri stars
(Pottasch et al. 1988). The complete sample satisfying
our selection criteria contains 1084 sources (Garćıa-Lario
1992), all them well detected in at least the 12, 25 and
60 µm bands. About 50% of them are previously uniden-
tified objects or poorly known in the literature. Among the
well identified ones, we find a majority of PNe (49%) and
other post-main sequence stars (27 small fraction of young
stellar objects (17%) and active galactic nuclei (7%).
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Table 1. Log-in of the observations

Observed(detected)
Run Period Telescope IRAS sources

(1) May 23, 1989 – June 5, 1989 1.5 m CST 28 (26)
(2) November 26, 1989 – December 4, 1989 1.5 m CST 6 (6)
(3) April 18, 1990 – April 24, 1990 1.5 m CST 19 (17)
(4) May 6, 1990 – May 11, 1990 1 m ESO 64 (56)
(5) June 19, 1990 – June 25, 1990 1.5 m CST 65 (48)
(6) March 19, 1992 – March 25, 1992 1 m ESO 31 (29)
(7) May 16, 1992 – May 22, 1992 1 m ESO 23 (21)
(8) October 15, 1992 – October 21, 1992 1.5 m CST 10 (9)
(9) December 1, 1993 – December 7, 1993 1.5 m CST 52 (42)

The number of objects known in the short transi-
tion phase which precedes the formation of a PN is very
small. The final aim of this work is to increase this
number through the detection of new candidates among
the infrared sources included in the IRAS Point Source
Catalogue (PSC) with no previous identification and the
adequate colours. Many of them are expected to be heav-
ily obscured by the thick circumstellar envelopes formed
during the AGB phase. The determination of the near in-
frared counterpart is, thus, the natural extension toward
bluer wavelengths in the study of these sources and essen-
tial for subsequent studies in this or other spectral ranges.

The near infrared photometry, as we proved in Papers
I and II, can be used to determine whether the main ori-
gin of the emission observed is stellar, nebular or due to
the dust present in the circumstellar envelope. According
to this, we can try to identify the nature and evolutionary
stage of the sources observed since each type of object
in the sample shows characteristic near infrared proper-
ties which can be used to recognize them. Many PNe, for
instance, are known to exhibit a characteristic J band
excess due to the presence of an emission line of He I at
1.083 µm (Whitelock 1985). Also very late-AGB stars and
heavily obscured post-AGB stars can be easily recognized
because of their extremely reddened near infrared colours
(Le Bertre 1988; van der Veen et al. 1989). In many cases,
however, the identification of a given source is not possible
based on near infrared data alone. Compact H II regions,
T-Tauri stars and active galaxies which, as we have ref-
ered above, are also present in our sample, sometimes show
near infrared colours very similar to those observed in late-
AGB and post-AGB stars. In this case, the combination
with information obtained in other spectral ranges or the
use of additional criteria is needed. Sometimes the prob-
lem is easy to solve, as for OH/IR stars, which are charac-

terized by the presence of a double-peaked OH maser emis-
sion at 1612 MHz. Unfortunately, this emission is usually
not observed in more evolved stars. In addition, optically
bright post-AGB stars show no or very little near infrared
excess and, thus, are very difficult to distinguish from fore-
ground sources. Confusion is a major problem specially
when observing towards the galactic bulge, where fields
are frequently crowded.

Apart from a few exceptions, observations have been
made only for sources satisfying our selection criteria with
no previous near infrared measurements. They are des-
cribed in Sect. 2. In Sect. 3.1 we analyse the near in-
frared properties of the various types of stellar objects
found among very well identified IRAS sources included
in our sample for which data are available in this spectral
range in the literature. These data will be used for compa-
rison in our analysis of the unidentified objects. The same
kind of analysis is done with their far infrared emission in
Sect. 3.2, as derived from IRAS data. The results obtained
are shown in Sect. 4. Combining the characteristics of the
near infrared emission with the IRAS properties and a
few additional criteria we classify all the sources observed
so far, including those for which the near infrared pho-
tometry was previously reported in Papers I and II. The
conclusions derived are presented in Sect. 5.

This work is part of a wide multiwavelength survey
which combines infrared data with optical spectroscopy
(whenever an optical counterpart is found) and radio con-
tinuum observations. The analysis of the results obtained
in other wavelength ranges will be published elsewhere
(van de Steene et al. 1996a,b; Garćıa-Lario et al. 1997a).
Optical and near infrared finding charts together with the
accurate coordinates of the counterparts found will be pre-
sented in forthcoming papers.
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2. Observations

The results presented here include the near infrared
photometry carried out in the standard J (1.25 µm),
H (1.65 µm), K (2.2 µm), and in some cases,
L′ (3.8 µm) and M (4.8 µm) bands during different obser-
ving runs both with the 1.55 m CST telescope operated
by the Instituto de Astrof́ısica de Canarias at the Spanish
Observatorio del Teide (Tenerife, Spain), and with the
1 m ESO telescope at the Observatorio de La Silla (Chile)
since May 1989 until December 1993. The log-in of the
observations is shown in Table 1, where we also quote the
number of objects observed during each run, together with
the number of objects detected (in brackets) in each case.

At both telescopes we used infrared photometers
equipped with InSb photovoltaic detectors, operating at
the temperature of liquid nitrogen, with a photometric
aperture of 15′′ and a chopper throw of 20′′ in R.A. direc-
tion. The Teide photometric system is described in Arri-
bas & Mart́ınez-Roger (1987), as well as its relations with
other standard photometric systems. The ESO photomet-
ric system is described in Bouchet et al. (1991). For flux
calibration we used the list of standard stars given by
Koornneef (1983) in the case of those stars observed at
the CST while, while for those observed at the 1 m ESO
telescope we used the standard stars included in Bouchet
et al. (1991). Several standard stars were observed at least
twice each night at different air masses to determine the
atmospheric extinction in each filter.

Prior to our observations, we searched the ESO or
Palomar blue and red prints looking for the presence of
possible optical counterparts. Usually only one candidate
was found inside the IRAS error ellipse but sometimes,
specially towards the Galactic Center, several objects were
observed and, in other cases, nothing was seen around the
IRAS position. When several possible optical counterparts
are found in a goven field, a good method to determine
the which one is the best candidate is to compare the blue
and red prints, since one should expect these stars to be
strongly reddened as a consequence of the dust present in
their circumstellar envelopes. Unfortunately, as we have
already mentioned, this is not always valid. If no optical
counterpart is observed, we chose a reference star nearby,
bright enough to be detected on the TV screen at the tele-
scope, and calculate the blind offset necessary to move the
telescope to the IRAS position.

Once at the telescope we made raster scans 30′′ × 30′′

wide centered on the IRAS position in the K band resul-
ting in an 80% of positive detections. The limiting magni-
tude is estimated to be between 11th and 13th with this
method at both telescopes depending on the atmospheric
conditions. Usually a single bright near infrared counter-
part was found in each field, in most cases coincident with
the best candidate previously determined through the vi-
sual inspection of the ESO or Palomar prints. If more than
one near infrared source was detected, we always measured

that closest to the original IRAS coordinates. Mean dis-
crepancies between the IRAS coordinates and the position
of the near infrared counterparts found are around 16′′ in
right ascension and 8′′ in declination. In a few cases, how-
ever, our identification is more doubtful, since the near
infrared counterpart was found at distances of around 1′

from the IRAS position. In these cases, one must take into
consideration other circumstances such as, for instance,
the characteristics of the optical spectrum, if available,
or whether the near infrared and optical brightness are
consistent with the properties observed in other spectral
ranges, as we will discuss later. It is important to remark
that, although we cannot rule out the possibility of having
observed spurious sources in a few cases, the probability
of this is very small and we are confident that this does
not affect the statistical conclusions derived in this Paper.

In the absence of problems, and once the near in-
frared counterpart was determined, we performed the pho-
tometry in the standard J ,H andK filters. L′ andM were
used only in the case of very good atmospheric conditions
(humidity below 40%) and when the object was bright
enough (or red enough) to expect a positive detection in
these two filters.

3. Analysis of the infrared properties of well
identified sources in the sample

3.1. Near infrared emission

For a better understanding of the results shown in this
Paper it is worth to study first, making use of the data
available in the literature (Gezari et al. 1993), the cha-
racteristics of the near infrared emission observed in the
different type of objects which are expected to be present
in our sample. As refered above, among them, we can find
not only PNe and other post-main sequence stars evolu-
tionary connected with PNe, such as late-AGB and post-
AGB stars, but also, although in a small proportion, a
wide variety of young stellar objects, like T-Tauri stars,
Herbig Ae/Be stars or compact H II regions, and a few
active galaxies.

For an adequate interpretation of the data we need to
consider the different sources of near infrared flux which
can contribute to the observed emission:

a) Thermal emission from plasma: basically recom-
bination continuum and free-free emission from nebular
hydrogen and helium, only expected when ionization is
present.

b) Thermal emission from dust: the emission due to the
cold dust present in circumstellar envelopes at characte-
ristic temperatures lower than 300 K is not expected to ap-
preciably contribute to the emission observed in the near
infrared. However, the presence of hot dust (T ∼ 1000 K)
can easily be detected in the near infrared, specially in the
reddest bands, and may be interpreted as a consequence
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Fig. 1. J−H vs. H−K two-colour diagram where we show the position of very well identified objects present in our sample for
which data are available in the literature. The solid line in Region I indicates the position corresponding to main sequence and
giant stars, for comparison (see text for more details)

of recent mass loss or, in the case of young stellar objects,
as an indicator of the presence of a circumstellar disk.

c) Stellar continuum: it can dominate only in the case
of stars not heavily obscured by the circumstellar dust.
The hot central stars of PNe emit basically in the ultra-
violet, and thus, must be extremely bright to detect its
Rayleigh-Jeans tail emission in the near infrared.

d) Emission lines: basically recombination lines from
hydrogen and helium. They can be the main source
of near infrared emission in the range between 1 and
2 µm for ionized envelopes. The neutral helium triplet at
1.083 µm can sometimes be bright enough to completely
dominate the emission in the J band, even although this
emission feature is located close to the edge of the photo-
metric band. In addition, the Paschen recombination lines
of hydrogen can also contribute to the J emission, while
Brackett and Pfund lines and, in some cases, molecular
hydrogen emission would affect the emission observed at
the H and K bands.

In Fig. 1 we show a near infrared two-colour diagram
(J−H vs. H−K) where we have plotted together the posi-

tion of the different types of objects present in our sample
for which data are available in the literature. We have
divided this diagram into several regions (from I to V),
which will be used in our subsequent analysis. The colours
are not extinction corrected, since the value of the extinc-
tion is, in most cases, not known or bad determined. As an
indication, a vector representing the effect of reddening is
included in this diagram, together with the positions cor-
responding to main-sequence and giant stars, black-body
emission at different temperatures and that corresponding
to a plasma at a temperature of 104 K (Whitelock 1985).

The distribution of the various types of objects found
in the near infrared two-colour diagram is presented in
Table 2. In the following we will try to characterize each
class of object according to their near infrared properties.

3.1.1. PNe

PNe have only recently been systematically observed
in the near infrared. Before 1985 only a few PNe, the
brightest ones, had been observed in this wavelength
range (Willner et al. 1972; Allen 1973; Persson & Frogel
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Table 2. Distribution of the various types of well identified IRAS sources in our sample in the near infrared two-colour diagram
(data taken from the literature)

Class Region I Region II Region III Region IV Region V Total

Planetary Nebulae 14 7 1 22 69 113
Late-AGB/Post-AGB stars 9 12 3 10 0 34
Young Stellar Objects 4 13 21 14 0 52
Galaxies 8 1 0 9 0 18

1973; Allen & Glass 1974). More recently, several surveys
have been carried out providing near infrared photome-
try for more than 200 PNe in the J , H and K bands
and, in some cases, also in L′ and M (Whitelock 1985;
Kwok et al. 1986; Peña & Torres-Peimbert 1987;
Persi et al. 1987). Most of these PNe satisfy our selec-
tion criteria and are, therefore, included in our sample.
In Fig. 1 we show their position in the near infrared two-
colour diagram J−H vs. H−K.

From the analysis of Fig. 1 it is clear that there is
a strong concentration of sources in Region V, specially
around the so-called nebulae box, as defined by Whitelock
(1985), which has also been represented in this figure with
a solid line. Around two thirds of the PNe observed in
the near infrared fall inside or in the surroundings of this
box. This confined region of the two-colour diagram is well
separated from that where main-sequence and giant stars
are located and shows no overlap with any other type of
stellar object. PNe in Region V show a characteristic J
band excess with respect to the emission expected from a
plasma at an electronic temperature of 104 K. This effect
cannot be attributed to a different Te in the plasma, since
this would only produce a small displacement up and left
(if Te increases) or down and right (if Te decreases) in
the diagram, but it is probably due to the presence of the
strong He I triplet at 1.083 µm.

This hypothesis was confirmed by Whitelock (1985)
and Peña & Torres-Peimbert (1987), who found a clear
correlation between the J−H extinction corrected in-
frared colour and the He+ abundance. In fact, the emission
excess in the J band is more pronounced in intermedi-
ate excitation class PNe. In very high excitation PNe the
He I triplet is very weak, although the He II emission line
at 1.162 µm can still contribute to a small J excess. On
the other hand, in very low excitation PNe, most of the
helium is in neutral state, producing a much weaker He I
triplet and, thus, a smaller J excess.

A considerable number of PNe lie close to the border-
line between Regions IV and V above and to the right of

the nebulae box, and a few of them can also be found in
Region III, as we show in Fig. 1. Although this anoma-
lous location could simply be the result of interstellar red-
dening, it can also be explained as the effect of hot dust
present in the circumstellar envelope. This would produce
a characteristic excess in the longer wavelengths and, thus,
a larger value of the H−K colour index. The presence of
hot dust at temperatures around 1000 K in most of these
PNe is confirmed by the fact that they also show large
values of K−L′ which cannot be explained by the effect
of interstellar reddening. Remarkably, most of these dust-
type PNe are considered to belong to the youngest group
of PNe, such as M2−9, Vy2−2, IC 418, Hu2−1, Sw St1,
K3−62, IC 5117 or Tc 1. We interpret the presence of hot
dust in their envelopes as the result of mass loss processes
suffered in the very recent past or even still taking place,
as the P-Cygni profiles found in some cases in their spectra
indicate.

Finally, a small number of PNe show near infrared
colours similar to those of main sequence stars and giants.
Probably the central stars of these stellar-type PNe are bi-
nary systems and we are only detecting the emission com-
ing from the companion star in the near infrared. Another
possibility is the presence of a foreground source in the
aperture which is contaminating the near infrared pho-
tometry. This kind of near infrared emission is observed,
for instance, in He2−138, IC 3568, Me2−2, NGC 5315,
and Pb 8, all them located in Region I of our diagram.
Clearly, additional observations are needed for all them.

The peculiar location of a few PNe in Region II de-
serves a special attention. Most of them, such as M3−39
or H2−1, are close to Region I, and the near infrared
emission observed can be explained as the combination
of a moderate infrared excess with a stellar-type emission.
The most extremely reddened colours observed are those
of M1−26, whose optical spectrum corresponds to a very
low excitation PN with its central star showing an effective
temperature of only 25000 K (Kwok 1985). Its location in
the HR diagram (West & Kohoutek 1985) and the optical
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and radio compact appearance indicates that M1−26 is a
very young PN, for which the circumstellar extinction is
still very high. Very similar characteristics are observed
in the very well known proto-PN CRL 618 (Latter et al.
1992).

3.1.2. Late-AGB/Post-AGB stars

While still on the AGB, stars are strongly variable, due to
stellar pulsation. They are then called “variable OH/IR
stars”, since most of them show a double-peaked OH
maser emission at 1612 MHz and are very bright in the in-
frared, heavily obscured by thick circumstellar envelopes
formed as a consequence of the strong mass loss. Shortly
after the end of the AGB, the mass loss suddenly stops
and for no longer the star is variable, while the effec-
tive temperature of the central star increases. The star
is now in the post-AGB phase and recognized as a “non-
variable OH/IR star” while the OH maser emission is still
detectable. After the partial dilution of the circumstellar
envelope in the interstellar medium the OH maser emis-
sion dissapears and the central post-AGB star becomes
observable again in the optical, in its way to become a
new PN.

In Fig. 1 we can see that IRAS sources recently identi-
fied as late-AGB or post-AGB stars in the literature show
a wide distribution in the near infrared two-colour dia-
gram and can be located everywhere, with the only excep-
tion of Region V. Fortunately, objects in different regions
of the diagram show peculiar characteristics which can
help us in our identification purposes. For instance, most
of the strongly reddened objects found in Region II are
identified as OH/IR stars since they show OH maser emis-
sion and no optical counterparts. Variable OH/IR stars in
this region of the diagram show near infrared properties
which are an extension towards more extreme values of
those observed in optically bright Mira variables, which
are also stars in the AGB. Mira variables are not plotted
in our diagram because they do not fulfill our selection cri-
teria, but many of them are also known to be located in
Region II, inmediately above but close to Region I (Feast
& Whitelock 1987). Objects in Regions III and IV, on the
other hand, are also affected by a strong circumstellar red-
dening but their slightly different position can simply be
due to an excess of emission in the K band produced by
the presence of hot dust in the envelope. Some of them
are not variable in the near infrared and may be identi-
fied as early post-AGB stars. While objects in Region III
usually show OH maser emission and no optical counter-
parts, those in Region IV are not so frequently detected
in the OH maser line. Moreover, they are not so strongly
obscured and sometimes show a faint optical counterpart.
Finally, the objects found in Region I, showing a stellar-
like emission with little or no reddening, are identified as
evolved post-AGB stars, now observable again in the op-
tical after the dilution of the circumstellar envelope in the

interstellar medium. They show a small irregular variabil-
ity and no OH maser emission. Some near infrared ex-
cess is observed in a few of them located to the right of
the main-sequence. This is probably indicative of recent
post-AGB mass-loss, something which, for some of these
objects, has been confirmed through the detection of Hα
emission in the optical spectrum.

3.1.3. Young stellar objects

Under this category we can find both heavily obscured
young stellar objects showing the most extremely red-
dened colours, together with optically bright stars with
little or just a moderate near infrared excess.

Among the first group it is possible to identify deeply
obscured compact HII regions and Herbig-Haro objects
still embedded in the molecular clouds in which they
have been originated. They are predominantly located in
Region III of the near infrared two-colour diagram, al-
though a few are also found in Region II, always close to
the position expected for black-bodies emitting at temper-
atures between 800 and 1500 K.

The second group is basically formed by T-Tauri and
Herbig Ae/Be stars, which are not so heavily obscured.
Most of them are located in Region IV, although we also
detect a few in Regions I and II. The circumstellar disks
usually associated to these objects are probably the res-
ponsible for the presence of the near infrared excess ob-
served (Strom et al. 1989; Hillenbrand et al. 1992). Finally,
it is important to remark that, again, none of these objects
is found in Region V of the diagram.

3.1.4. Galaxies

The small number of galaxies found satisfying our selec-
tion criteria are known to show active nuclei and most
of them are classified in the literature as bright Seyfert
galaxies. Although we expect to find a very small number
of them among the unidentified objects in our sample it is
worth to investigate whether they show peculiar near in-
frared colours which could be used for their identification.

As we can see in Fig. 1, they are all well confined in a
relatively small region of the diagram in the intersection of
Regions I and IV. Unfortunately, this is the same location
in which we can also find, as we have already mentioned,
evolved stars, young stellar objects and, sometimes, even
PNe.

Seyfert galaxies detected by IRAS have previously
been studied in this wavelength range by different authors
(Sanders et al. 1988; Carico et al. 1990). They have shown
that those with the higher luminosities usually show a
near infrared excess originated in the circumnuclear re-
gions, probably associated to a strong star-forming ac-
tivity. According to this, we suggest that the group of
galaxies in our sample with a moderate near infrared ex-
cess, located in Region IV, must possess starburst nuclei.
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Fig. 2. IRAS two-colour diagram where we show the position of very well identified objects in our sample together with the
regions associated to a) Optically bright Mira variables; b) Variable OH/IR stars; c) T-Tauri and Herbig Ae/Be stars; d) Active
galactic nuclei; and e) Compact HII regions. The thick solid line indicates the limits used for the selection of our sample and
the exponential curve represents the evolutionary track followed by AGB stars with increasing mass loss (see text for details)

On the other hand, the galaxies found in Region I of our
diagram, showing stellar-like colours, may correspond to
those with just a moderate nuclear activity, in which the
dominant emission observed is originated in the outer disk
and is basically due to the stellar content of the galaxy.

3.2. Far infrared emission

From the results above shown it is clear that, in most
cases, it is not possible to determine, based on near in-
frared data alone, the nature of previously unidentified
IRAS sources in our sample. Thus, additional criteria are
needed to be used in combination with the near infrared
photometry. Unfortunately, the only information available
for many of the sources observed comes from IRAS data,
since no observations in other spectral ranges are yet avai-
lable.

In order to investigate whether a more detailed study
of the far infrared properties shown by the variety of ob-
jects found in our sample could be used to provide useful

colour classification criteria, we have plotted in Fig. 2 an
IRAS two-colour diagram [12]−[25] vs. [25]−[60], where

[12]− [25] = −2.5 log
F12 µm

F25 µm
(1)

[25]− [60] = −2.5 log
F25 µm

F60 µm
. (2)

In this plot we show the region of the diagram sat-
isfying our selection criteria which, as we know, basi-
cally corresponds to that where most of the well known
PNe are located (Pottasch et al. 1988), together with
those associated to: a) Optically bright Mira variables
(Herman 1988) b) Variable OH/IR stars (Sivagnaman
1989; te Lintel Hekkert et al. 1991); c) T-Tauri and Herbig
Ae/Be stars (Harris et al. 1988); d) Active galactic nuclei
(de Grijp et al. 1987; Kailey & Lebofsky 1988); and
e) Compact HII regions (Antonopoulos & Pottasch
1987). The exponential curve crossing the diagram cor-
responds to the sequence of colours expected from model
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predictions for stars losing mass at increasing rate at the
end of the AGB (Bedijn 1987).

As we can see, although a strong overlap exists be-
tween different kind of objects in specific areas of the dia-
gram, it is also possible to identify wide regions in it where
this overlap is minimum or restricted to only two differ-
ent groups. The consistency of this colour association have
been checked by plotting in Fig. 2 the position of all the
well identified sources in our sample. Galaxies and young
stellar objects show characteristic far infrared colours in
excellent agreement with the predictions, and appear con-
centrated in specific areas of the diagram, while PNe are
widely distributed, as already known. On the other hand,
most of the objects classified as late-AGB/post-AGB stars
in the diagram are concentrated in the region associated
with variable OH/IR stars, as expected. Most of them are
known to show variable OH maser emission. The few ob-
jects in this class located well outside the limits of this
Region are either heavily obscured non-variable OH/IR
stars, already in the post-AGB stage, or optically bright
post-AGB stars with a supergiant-like spectrum, as we
will see in the following section.

Apart from the IRAS photometry, mid-infrared IRAS
Low Resolution Spectra (LRS) have also been used in our
identification process, although they are only available for
the brightest sources in our sample (Olnon & Raimond
1986). LRS spectra are classified according to the slope of
the continuum and the presence or absence of specific fea-
tures in the spectrum (see IRAS Explanatory Supplement
1985). The LRS classes 3n and 7n, for instance, corre-
spond to objects with a very red continuum and a strong
silicate absorption feature around 9.8 µm, where n is a
number from 1 to 9 increasing with the strength of this
absorption. Well identified heavily obscured OH/IR stars
in our sample are allways associated with one of these two
LRS classes. On the other hand, the LRS class 9n is cha-
racteristic of evolved PNe, since it corresponds to emission
line spectra, where n, in this case, is a number from 1 to
6 increasing with the excitation class. Unfortunately, very
few young stellar objects and galaxies are bright enough
to have an available LRS. When this is the case, the LRS
class 5n, which corresponds to featureless spectra with a
red continuum, is frequently observed.

Finally, we have also used the IRAS variability index
as an additional source of information for the classification
of the unidentified objects in our sample. This variability
index is a number between 0 and 99 which indicates the
likelihood of variability for a given IRAS source. It is based
on the fact that the inclusion of an infrared source in the
Point Source Catalogue required its detection in at least
two different scans, which could be separated by hours,
weeks or months. In this way it is possible to have some
information about the variability of the source. Moreover,
the way in which this index was computed favours the as-
sociation of the highest values with long-period variables.
Well known variable OH/IR stars showing smooth long-

term variations are usually found associated to values well
above 50%, with a strong concentration around 99%, while
other variable objects in our sample, such as T-Tauri stars,
with small amplitudes and irregular variations are associ-
ated to lower values of the variability index (below 50%).
It is important to remark that a low variability index as-
sociated to an OH/IR star does not necessarily mean that
the source is actually non-variable. Objects with very long
periods may look like non-variable if they were detected
in scans separated just a few weeks and there are ecliptic
positions which were poorly scanned by IRAS where vari-
able sources were missed (Whitelock et al. 1994). On the
other hand, variable OH/IR stars may also be misidenti-
fied as non-variable when the observations were taken at
different epochs corresponding to a similar phase in the
light curve. In contrast, a high variability index can only
be associated to true variable stars.

4. Results

4.1. Near infrared photometry of the unidentified IRAS
sources in the sample

In Tables 3a to g we show the photometric magnitudes
of the 225 IRAS sources measured in the near infrared,
together with the estimated associated errors and a num-
ber indicating the run in which the source was observed,
according to the list given in Table 1. Letters A and B,
following the IRAS name, indicate that two near infrared
counterparts were found equidistant to the nominal IRAS
position. In addition, in Table 4, we list the IRAS names
of the 42 sources not detected in the K band. Although in
many cases they are associated with the faintest sources
in our sample showing the lower fluxes at 12 µm, some of
them were detected at a different epoch with a K magni-
tude well above the detection limit, which may indicate a
strong variability. As we can see, there is a high percent-
age of positive detections, around 80%, which confirms the
validity of the method of observation used.

All the IRAS sources included in Table 3 satisfy the
selection criteria described in Paper I with the exceptions
of IRAS 19344+2457, identified as a new OH/IR star,
and for which no previous near infrared photometry was
available, and IRAS 19590−1249, a recently discovered
hot post-AGB star at high galactic latitude with nebular
emission lines (McCausland et al. 1992). Both show far in-
frared colours very similar to those required to be included
in the sample but do not strictly satisfy all the selection
criteria.

We have plotted in Fig. 3 the position of the observed
infrared sources in the near infrared two-colour diagram
J−H vs. H−K. Again, as in Fig. 1, we have divided the
diagram into Regions (from I to V) for our analysis.

The distribution observed in Fig. 3 looks quite dif-
ferent to that shown by the sample of well identi-
fied objects in Fig. 1, specially the fact that only three
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Fig. 3. J−H vs. H−K two-colour diagram where we show the position of the infrared sources observed

sources are found in Region V, where we expect to
find well evolved PNe. The three of them have recently
been identified as new PNe through optical spectroscopy
(Garćıa-Lario et al. 1997a), which confirms the validity of
this method to detect new PNe.

In contrast, the majority of sources in Fig. 3 are lo-
cated in Regions I and II of the diagram where basically
all kind of objects can be present, as we can see in Table 2,
complicating the identification process.

The lack of well evolved PNe among the unidentified
objects in our sample can simply be explained as a selec-
tion effect. Bright PNe are easily recognized in the optical
range through the detection of the many nebular emis-
sion lines covering their optical spectra. Those not yet
discovered probably belong to the group of very oung and
dusty-PNe and, thus, if present in our sample, will proba-
bly show unusual near infrared colours, as we will confirm
later.

4.2. Classification of the unidentified IRAS sources

4.2.1. PNe

As we have already shown, only PNe displaying the cha-
racteristic excess observed in the J band can be unam-
biguously recognized as such, based on near infrared data
alone. Unfortunately, only 3 objects have been found in
Region V of the near infrared two-colour diagram among
the unidentified IRAS sources in our sample. These are
SAO 244567, IRAS 18186−0833 and IRAS 17074−1845,
and the three of them have been identified as new PNe
through optical spectroscopy.

For the detection of the rest of PNe showing pecu-
liar near infrared colours we need to use additional in-
formation obtained in other spectral ranges. The far in-
frared IRAS colours are not useful in this case, since
PNe are known to be widely distributed throughout the
whole selected region in the IRAS two-colour diagram.
Fortunately, the ionized gas in their envelopes can easily
be detected in the radio continuum and this has been used
in a few cases in Table 6 to classify previously unidenti-
fied objects as new PNe, once confirmed its nature via
optical spectroscopy (van de Steene et al. 1996a,b). In
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Table 3. a) Observed magnitudes

IRAS name J H K L′ M Run Other measurements

00422 + 6131 12.3 ± 0.2 12.08 ± 0.12 11.03 ± 0.10 - - (9)
00470 + 6130 ≥ 12.5 12.07 ± 0.09 9.85± 0.03 - - (9)
02143 + 5852 10.59 ± 0.13 9.89± 0.07 8.88± 0.05 - - (9) 1
02395 + 6244 ≥ 12.8 12.15 ± 0.10 10.29 ± 0.06 - - (9)
02528 + 4350 9.96 ± 0.06 9.71± 0.04 9.34± 0.04 - - (9) 1
03578 + 3134 9.98 ± 0.07 9.20± 0.03 8.65± 0.03 - - (9) 2
04010 + 5118 13.4 ± 0.3 11.46 ± 0.07 10.08 ± 0.05 - - (9)
04101 + 3103 9.31 ± 0.02 8.84± 0.02 8.28± 0.02 - - (2) 2

9.15 ± 0.04 8.81± 0.03 8.33± 0.03 - - (9)
04185 + 2022 11.69 ± 0.11 11.08 ± 0.04 10.72 ± 0.05 - - (9) 2
04189 + 2650 10.01 ± 0.06 8.68± 0.03 7.73± 0.02 - - (9)
04296 + 3429 9.55 ± 0.07 8.62± 0.06 8.08± 0.06 - - (8) 1, 3
04302 + 4425 10.91 ± 0.17 10.00 ± 0.06 9.10± 0.06 - - (8) 1

10.97 ± 0.15 10.06 ± 0.13 9.18± 0.09 - - (9)
05113 + 1347 8.88 ± 0.03 8.35± 0.02 8.11± 0.02 7.1± 0.3 - (9) 4, 5
05209 + 2454 6.98 ± 0.02 6.47± 0.02 5.91± 0.02 - - (9)
05238 − 0626 9.53 ± 0.04 9.23± 0.03 9.08± 0.03 - - (9) 6
05284 + 1945 - ≥ 13.7 10.19 ± 0.06 - - (8)
05341 + 0852 9.88 ± 0.10 9.39± 0.06 9.08± 0.05 - - (8) 1, 6

9.94 ± 0.07 9.41± 0.04 9.10± 0.04 - - (9)
05355 − 0117 8.68 ± 0.03 7.99± 0.02 7.22± 0.02 - - (9)
05471 + 2351 10.24 ± 0.11 8.96± 0.03 8.02± 0.02 - - (9) 7
05573 + 3156 ≥ 13.0 11.23 ± 0.09 9.36± 0.03 - - (3)

≥ 12.8 11.27 ± 0.06 9.46± 0.05 - - (9)
05591 + 1630 8.34 ± 0.03 7.37± 0.02 6.50± 0.02 - - (9) 8
06013 − 1452 9.88 ± 0.04 9.74± 0.03 9.31± 0.03 8.18± 0.17 - (6)

10.01 ± 0.11 9.58± 0.04 9.06± 0.03 - - (9)
06464 − 1644 11.84 ± 0.15 10.72 ± 0.06 9.91± 0.04 - - (9) 6
06499 + 0145 11.62 ± 0.04 10.36 ± 0.03 9.90± 0.02 - - (2)
06518 − 1041 ≥ 12.7 12.3 ± 0.2 11.56 ± 0.11 - - (3) 4

12.3 ± 0.3 11.69 ± 0.11 11.37 ± 0.09 - - (9)
06530 − 0213 9.66 ± 0.02 8.94± 0.02 8.52± 0.02 - - (2) 9
06549 − 2330 9.04 ± 0.03 8.90± 0.02 8.80± 0.04 - - (3)
06556 + 1623 10.35 ± 0.09 9.40± 0.03 8.23± 0.03 - - (9) 4, 7
06562 − 0337 11.07 ± 0.13 10.12 ± 0.08 9.16± 0.05 - - (3) 1, 10

11.28 ± 0.04 10.48 ± 0.04 9.71± 0.03 7.80± 0.19 - (6)
11.33 ± 0.10 10.41 ± 0.04 9.68± 0.03 - - (9)

07027 − 7934 12.11 ± 0.08 10.26 ± 0.05 8.26± 0.03 4.85± 0.06 3.82 ± 0.06 (4) 11, 12
07227 − 1320 8.89 ± 0.03 7.92± 0.02 7.62± 0.02 7.06± 0.14 - (4)

addition, optical spectra were also taken for many of the
objects located in the IRAS two-colour diagram in the re-
gion where no overlap exists with young stellar objects,
active galactic nuclei or variable OH/IR stars, whenever
an optical counterpart in the Palomar or ESO prints was
found (Garćıa-Lario et al. 1997a). They were the best can-
didates for being new PNe and, in fact, we identified in
this way a few additional PNe which are also included

in Table 6 as new detections. However, our optical spec-
troscopy revealed that most of the unidentified objects in
this region of the diagram were not PNe, but transition
objects in the post-AGB stage, some of them showing very
bright optical counterparts, as we will see below.

Table 5 shows the distribution of the new PNe in
the near infrared two-colour diagram. As we can see,
most of them are associated with colours which are only
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Table 3. b) Observed magnitudes

IRAS name J H K L′ M Run Other measurements

07280 − 1829 10.18 ± 0.03 7.97± 0.03 6.02± 0.02 - - (2)
07330 − 2332 12.78 ± 0.19 11.92 ± 0.11 10.82 ± 0.07 - - (9)
07399 − 1435 8.07 ± 0.02 6.73± 0.02 5.57± 0.02 - - (9) 13, 14
07430 + 1115 9.00 ± 0.05 8.09± 0.03 7.79± 0.02 - - (9)
07582 − 4059 12.33 ± 0.08 11.70 ± 0.07 11.67 ± 0.08 - - (6) 9
08057 − 3417 8.82 ± 0.03 8.28± 0.05 8.07± 0.04 7.68± 0.16 - (6)
08131 − 4432 9.63 ± 0.04 9.18± 0.03 8.65± 0.03 7.3± 0.2 - (4)
08143 − 4406 9.25 ± 0.03 8.71± 0.03 8.43± 0.03 8.1± 0.3 - (4)
08189 + 5314 7.44 ± 0.02 6.77± 0.02 6.70± 0.02 - - (9) 15
08213 − 3857 9.08 ± 0.03 8.62± 0.03 8.05± 0.02 6.97± 0.10 6.2± 0.3 (4)
08229 − 4051 12.38 ± 0.06 10.96 ± 0.04 10.16 ± 0.03 - - (6)
08242 − 3828 7.60 ± 0.02 6.01± 0.01 5.09± 0.01 3.89± 0.05 3.57 ± 0.06 (4)
08275 − 6206 8.33 ± 0.03 7.42± 0.04 7.17± 0.04 7.00± 0.10 - (6)
08281 − 4850 10.68 ± 0.05 10.12 ± 0.05 9.79± 0.04 - - (6)
08351 − 4634 12.45 ± 0.09 11.51 ± 0.07 11.22 ± 0.06 - - (6)
08355 − 4027 12.43 ± 0.08 11.48 ± 0.07 11.21 ± 0.08 - - (4)

13.34 ± 0.12 12.81 ± 0.10 11.65 ± 0.07 - - (6)
08425 − 5116 13.23 ± 0.14 11.78 ± 0.07 10.42 ± 0.05 7.18± 0.13 6.5± 0.3 (6) 6
08470 − 4321 14.2 ± 0.2 11.85 ± 0.07 8.88± 0.03 4.07± 0.5 2.63 ± 0.04 (4) 16, 17, 18
09024 − 5019 12.68 ± 0.11 11.25 ± 0.08 10.69 ± 0.06 - - (6)
09119 − 5150 13.38 ± 0.21 12.84 ± 0.18 11.62 ± 0.08 - - (6)
09362 − 5413 13.16 ± 0.16 12.37 ± 0.11 11.36 ± 0.07 - - (6)
09425 − 6040 6.71 ± 0.02 5.07± 0.02 3.80± 0.01 2.24± 0.04 1.98 ± 0.04 (4) 12

7.04 ± 0.02 5.38± 0.02 4.04± 0.02 2.49± 0.04 2.18 ± 0.06 (6)
10029 − 5553 12.89 ± 0.11 11.92 ± 0.07 10.82 ± 0.07 - - (4) 9
10115 − 5640 13.56 ± 0.18 13.20 ± 0.14 11.59 ± 0.07 - - (6)
10178 − 5958 11.13 ± 0.05 10.26 ± 0.04 8.86± 0.03 6.29± 0.12 5.4± 0.2 (4) 19
10197 − 5750 9.25 ± 0.03 8.32± 0.02 7.31± 0.02 4.76± 0.06 3.69 ± 0.06 (4) 14
10215 − 5916 4.56 ± 0.02 3.52± 0.02 3.00± 0.02 2.50± 0.04 2.68 ± 0.04 (4) 20
10256 − 5628 11.08 ± 0.05 9.90± 0.03 9.14± 0.03 ≥ 8.2 - (4)
10348 − 6320 13.46 ± 0.13 12.85 ± 0.10 12.70 ± 0.15 - - (7)
11065 − 6026 8.15 ± 0.03 7.39± 0.02 6.89± 0.02 6.38± 0.12 ≥ 5.7 (4) 21
SAO 239162 7.12 ± 0.02 6.58± 0.02 5.81± 0.02 4.36± 0.04 3.89 ± 0.04 (4) 12
SAO 251457 6.40 ± 0.03 5.83± 0.03 5.16± 0.03 4.12± 0.06 3.79 ± 0.07 (6) 12, 22
11339 − 6004 13.15 ± 0.10 11.92 ± 0.05 11.60 ± 0.05 - - (7) 9
11387 − 6113 9.32 ± 0.03 8.94± 0.03 8.69± 0.03 ≥ 8.2 - (4)
11415 − 6541 11.36 ± 0.05 10.78 ± 0.03 10.52 ± 0.04 - - (7)
11438 − 6330 - - 11.64 ± 0.12 3.75± 0.03 2.11 ± 0.03 (4) 14, 23

- ≥ 14.2 7.91± 0.02 1.78± 0.03 0.44 ± 0.05 (6)

unusually observed in well known PNe (see Table 2 for
comparison). Some are found in Regions III and IV
of the diagram, sometimes extremely reddened, such as
IRAS 07027−7934. As we have previously shown, PNe in
these regions of the diagram are expected to be very young
and dusty. On the other hand, others are also observed in
Regions I and II and may be PNe in binary systems, where
the emission detected in the near infrared is coming from

the photosphere of the companion star. This is true, at
least, for IRAS 17395−0841, with a star located at only
2′′, which is the main responsible for the near infrared
emission observed. However, we have found that many of
these new PNe show a faint nebular emission of a very
low excitation class and bright central stars with a low
effective temperature (∼ 25000 K) which are completely
dominating the emission observed in the near infrared.
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Table 3. c) Observed magnitudes

IRAS name J H K L′ M Run Other measurements

11444 − 6150 10.96 ± 0.04 10.01 ± 0.03 9.70± 0.03 - - (7)
SAO 223245 7.68 ± 0.05 7.15± 0.04 6.86± 0.03 6.34± 0.06 5.80 ± 0.16 (6) 24, 25
12158 − 6443 10.54 ± 0.04 9.71± 0.03 9.42± 0.03 - - (7)
SAO 239853 8.46 ± 0.03 8.26± 0.03 8.13± 0.02 ≥ 8.0 - (4) 12, 20
12358 − 6323 12.06 ± 0.07 10.55 ± 0.04 10.00 ± 0.04 - - (4)

13.9 ± 0.3 12.66 ± 0.11 11.95 ± 0.10 6.71± 0.07 4.86 ± 0.08 (6) 9
12360 − 5740 10.31 ± 0.04 9.92± 0.03 9.71± 0.03 - - (7)
13110 − 6629 8.13 ± 0.03 7.67± 0.02 7.44± 0.02 7.4± 0.2 - (4)
13203 − 5917 9.70 ± 0.03 9.18± 0.02 8.95± 0.03 - - (6)
13245 − 5036 10.92 ± 0.12 10.72 ± 0.03 10.58 ± 0.04 - - (6)
13266 − 5551 9.96 ± 0.03 9.84± 0.03 9.70± 0.03 ≥ 8.4 - (4) 12
13356 − 6249 8.92 ± 0.03 7.74± 0.02 6.97± 0.02 6.14± 0.04 5.9± 0.2 (4)
13421 − 6125 12.54 ± 0.07 11.28 ± 0.05 11.04 ± 0.08 - - (4)

13.2 ± 0.4 11.56 ± 0.14 11.23 ± 0.17 - - (6)
13427 − 6531 - - 13.27 ± 0.21 - - (6)
13428 − 6233 12.49 ± 0.07 10.57 ± 0.04 9.08± 0.03 6.64± 0.13 5.32 ± 0.12 (4) 26

12.5 ± 0.4 10.80 ± 0.12 9.41± 0.07 7.27± 0.10 5.9± 0.2 (6)
13500 − 6106 14.0 ± 0.3 10.56 ± 0.04 9.28± 0.03 - - (7)
14079 − 6402 11.08 ± 0.05 9.80± 0.03 9.40± 0.03 8.6± 0.3 - (7) 27
14104 − 5819 10.30 ± 0.05 9.07± 0.03 8.59± 0.03 - - (4)

10.35 ± 0.04 9.07± 0.03 8.58± 0.03 8.2± 0.3 - (7)
14122 − 5947 9.12 ± 0.05 7.08± 0.05 5.90± 0.04 4.48± 0.04 4.33 ± 0.07 (6) 9
14177 − 5824 9.87 ± 0.03 8.34± 0.03 7.65± 0.02 7.28± 0.14 ≥ 6.2 (4)
14247 − 6148 ≥ 13.8 10.52 ± 0.04 8.30± 0.03 5.70± 0.05 5.21 ± 0.13 (7)
14331 − 6435 9.35 ± 0.03 9.03± 0.03 8.72± 0.03 - - (4)
14562 − 5637 13.37 ± 0.12 12.12 ± 0.08 11.64 ± 0.09 - - (7)
15066 − 5532 10.47 ± 0.04 9.30± 0.03 8.64± 0.03 8.1± 0.2 - (4)
15103 − 5754 - 13.09 ± 0.12 10.48 ± 0.07 7.5± 0.2 - (4)

14.3 ± 0.3 12.50 ± 0.09 10.44 ± 0.07 7.64± 0.11 6.6± 0.3 (7)
15154 − 5258 12.01 ± 0.06 11.15 ± 0.04 10.88 ± 0.05 - - (6)
15406 − 4946 8.60 ± 0.02 7.12± 0.02 6.14± 0.02 4.90± 0.04 4.75 ± 0.15 (4)
15408 − 5413 7.37 ± 0.02 4.32± 0.02 2.64± 0.01 0.76± 0.03 0.37 ± 0.02 (4) 23, 28, 29, 30
15514 − 5323 12.39 ± 0.13 11.07 ± 0.07 10.39 ± 0.06 - - (7) 16
15553 − 5230 9.31 ± 0.05 7.20± 0.05 6.22± 0.04 5.39± 0.05 5.39 ± 0.14 (6)
16342 − 3814 9.29 ± 0.03 8.32± 0.02 7.71± 0.02 6.95± 0.09 ≥ 6.4 (4) 12, 26
16552 − 3050 11.41 ± 0.13 10.62 ± 0.04 10.45 ± 0.06 - - (5) 9
16594 − 4656 9.95 ± 0.03 8.98± 0.03 8.21± 0.02 6.9± 0.2 5.66 ± 0.16 (4) 26

They are also probably very young PNe, very similar to
M1−26 and CRL 618, although with not such a strong
circumstellar reddening.

Finally, we should also mention that some of the ob-
jects not detected in the near infrared above our detection
limit turned out to be new PNe when observed in the op-
tical. They are faint PNe but they do not show any indica-
tion of being young. This supports the idea that only the
brightest PNe and those very young and dusty are easily
detectable in the near infrared and can explain why we

did not detect a large number of evolved PNe among the
unidentified objects in our sample. The selection effect is
clear and must be taken into account if we want to derive
statistical conclusions.

4.2.2. Late AGB/Post-AGB stars

As we can see in Table 5, two thirds of the previously
unidentified objects in our sample have been classified ei-
ther as late-AGB or post-AGB stars. Compared to the
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Table 3. d) Observed magnitudes

IRAS name J H K L′ M Run Other measurements

17009 − 4154 12.43 ± 0.08 10.15 ± 0.05 8.75± 0.03 6.95 ± 0.13 6.0± 0.3 (4)
≥ 13.7 11.33 ± 0.07 9.28± 0.04 6.93 ± 0.08 6.3± 0.3 (7)

17021 − 3054 10.80 ± 0.05 9.75± 0.03 9.34± 0.04 - - (4)
17055 − 3753 12.16 ± 0.06 10.72 ± 0.05 10.31 ± 0.04 - - (4)
17067 − 3759 9.93± 0.03 8.48± 0.03 7.91± 0.02 7.54 ± 0.15 - (4)
17074 − 1845 11.33 ± 0.13 12.06 ± 0.16 11.02 ± 0.11 - - (1)
17088 − 4221 10.92 ± 0.05 9.60± 0.03 9.09± 0.03 ≥ 8.3 - (4) 26, 31
SAO 208540 8.57± 0.02 8.56± 0.02 8.39± 0.02 7.6± 0.2 - (4) 26
17106 − 3046 10.23 ± 0.04 9.16± 0.03 8.46± 0.03 7.7± 0.2 - (4)
SAO 244567 11.37 ± 0.05 11.97 ± 0.07 11.38 ± 0.08 - - (4)
17130 − 4029 12.23 ± 0.07 10.79 ± 0.05 10.28 ± 0.04 - - (4)
17149 − 3053 9.65± 0.05 8.25± 0.03 7.78± 0.03 - - (1)
17150 − 3224 10.99 ± 0.04 10.19 ± 0.04 9.48± 0.03 8.0± 0.2 6.4± 0.3 (4) 26, 32
17153 − 3814 8.80± 0.03 7.48± 0.02 6.94± 0.02 6.50 ± 0.08 - (4)
17164 − 3226 11.71 ± 0.06 10.54 ± 0.05 10.15 ± 0.04 - - (4)
17168 − 3736 12.65 ± 0.10 10.51 ± 0.05 9.40± 0.04 ≥ 8.2 - (4) 31
17223 − 2659A 10.44 ± 0.12 8.98± 0.04 8.50± 0.04 - - (1)
17223 − 2659B 10.49 ± 0.11 8.96± 0.05 8.57± 0.04 - - (1)
17234 − 4008 10.62 ± 0.04 9.50± 0.03 9.11± 0.03 - - (4)
17242 − 3859 12.19 ± 0.13 11.03 ± 0.05 10.62 ± 0.05 - - (7)
17245 − 3951 11.41 ± 0.06 10.55 ± 0.04 9.86± 0.04 - - (4)
17269 − 2235 12.62 ± 0.12 10.84 ± 0.05 9.84± 0.03 - - (5)
17287 − 3443 9.17± 0.03 8.45± 0.03 8.05± 0.03 7.7± 0.2 - (4)
17291 − 2402 9.98± 0.04 8.85± 0.03 8.60± 0.02 - - (5) 4
17311 − 4924 9.74± 0.03 9.54± 0.03 9.19± 0.03 ≥ 8.1 - (4) 12, 26
17316 − 3523 12.7 ± 0.3 10.75 ± 0.08 9.92± 0.05 - - (4)
17317 − 3331 11.26 ± 0.06 9.36± 0.04 8.24± 0.03 6.98 ± 0.13 ≥ 6.2 (4) 28, 30, 31, 33, 34
17317 − 2743 10.63 ± 0.08 9.42± 0.05 8.73± 0.04 - - (1)
17332 − 2215 11.57 ± 0.08 10.23 ± 0.04 9.56± 0.04 - - (5)
17347 − 3139 ≥ 12.1 10.39 ± 0.09 8.84± 0.03 - - (1) 26

12.96 ± 0.14 11.98 ± 0.08 - - - (7)
17348 − 2906 8.14± 0.02 6.27± 0.01 5.41± 0.01 - - (5)
17360 − 2142 11.63 ± 0.10 10.26 ± 0.05 9.46± 0.04 - - (3)
17393 − 2727 10.47 ± 0.05 8.98± 0.03 8.44± 0.02 - - (5)
17395 − 0841 - 9.93± 0.13 9.37± 0.09 - - (1)

10.59 ± 0.06 9.76± 0.03 9.21± 0.04 - - (3)
17411 − 3154 12.7 ± 0.3 10.09 ± 0.05 9.16± 0.04 - - (1) 14
17416 − 2112 11.40 ± 0.08 10.38 ± 0.05 9.92± 0.03 - - (5)
17418 − 3335 10.90 ± 0.10 9.73± 0.04 9.27± 0.04 - - (7)

small percentage found among the previously known ones,
it seems clear that there also exists a strong selection ef-
fect which favours the detection of this kind of objects.
This is probably due to the fact that many of these stars
can only be identified as such in the far infrared, so that
only with the advent of IRAS data it has been possible to
recognize stars in this short-lived transition phase which
precedes the formation of a PN.

It is important to note that under the group of late-
AGB stars in our sample we expect to find only heav-
ily obscured variable OH/IR stars, most of them with no
optical counterpart in the Palomar or ESO prints. Those
with bluer colours or optically bright Mira variables with
OH maser emission, which can also be considered late-
AGB stars, are located outside the region of the IRAS two-
colour diagram under study, as we can see in Fig. 2. On the
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Table 3. e) Observed magnitudes

IRAS name J H K L′ M Run Other measurements

17423 − 1755 9.61 ± 0.05 8.32 ± 0.02 6.80 ± 0.02 - - (3)
17433 − 1750 10.22 ± 0.05 8.95 ± 0.03 8.67 ± 0.03 - - (1) 9
17441 − 2411 11.15 ± 0.09 9.87 ± 0.04 9.34 ± 0.02 - - (5) 9, 26
SAO 209306 7.43 ± 0.04 7.40 ± 0.04 7.31 ± 0.04 7.00 ± 0.04 - (6)
17466 − 3031 11.11 ± 0.07 8.74 ± 0.03 7.28 ± 0.02 - - (5)
17479 − 3032 10.48 ± 0.05 9.25 ± 0.03 8.78 ± 0.03 - - (4)
17495 − 2534 11.8± 0.3 9.30 ± 0.05 8.84 ± 0.04 - - (1)
17506 − 2955 10.46 ± 0.05 9.53 ± 0.03 9.16 ± 0.03 - - (5)
17540 − 2753 9.28 ± 0.03 7.57 ± 0.03 6.72 ± 0.03 5.77 ± 0.09 ≥ 7.1 (5) 14
17542 − 0603 10.71 ± 0.15 9.69 ± 0.07 8.79 ± 0.07 - - (1)
17543 − 3102 8.84 ± 0.03 8.16 ± 0.03 7.97 ± 0.02 7.8 ± 0.3 - (4)
17548 − 2753A 12.07 ± 0.14 10.66 ± 0.06 10.17 ± 0.04 - - (5)
17548 − 2753B 12.25 ± 0.16 10.95 ± 0.08 10.68 ± 0.12 - - (5)
17550 − 2800 10.67 ± 0.06 9.20 ± 0.03 8.66 ± 0.02 - - (5)
17550 − 2120 10.38 ± 0.06 8.77 ± 0.02 8.19 ± 0.02 - - (5)
17560 − 2027 10.19 ± 0.06 8.34 ± 0.03 7.57 ± 0.03 - - (3)
17579 − 3121 8.58 ± 0.03 8.01 ± 0.03 7.77 ± 0.03 - - (1)
17580 − 3111 ≥ 12.9 11.08 ± 0.07 9.32 ± 0.03 - - (5) 9

- 11.3 ± 0.3 9.42 ± 0.08 7.25 ± 0.08 6.10 ± 0.24 (6)
17581 − 2926 11.12 ± 0.06 10.00 ± 0.03 9.70 ± 0.03 - - (5)
17582 − 2619 8.00 ± 0.02 6.99 ± 0.02 6.74 ± 0.02 - - (5)
17583 − 3346 ≥ 12.7 13.6 ± 0.3 10.19 ± 0.17 5.93 ± 0.05 5.04 ± 0.12 (7)
17584 − 3147 6.53 ± 0.05 5.39 ± 0.05 4.84 ± 0.05 4.35 ± 0.04 4.65 ± 0.13 (7)
17597 − 1442 10.33 ± 0.06 8.93 ± 0.02 8.41 ± 0.02 - - (3)
18011 − 2057 11.16 ± 0.09 9.12 ± 0.02 8.34 ± 0.02 - - (5)
18019 − 3121 11.11 ± 0.10 10.47 ± 0.09 10.43 ± 0.11 - - (7)
18025 − 3906 8.60 ± 0.03 8.06 ± 0.02 7.73 ± 0.02 7.49 ± 0.14 ≥ 6.6 (4) 9, 12
SAO 85766 11.22 ± 0.08 10.97 ± 0.07 10.84 ± 0.08 - - (3) 35

18075 − 0924 9.25 ± 0.03 8.29 ± 0.02 7.87 ± 0.02 - - (5)
18087 − 1440 11.86 ± 0.11 9.71 ± 0.05 8.90 ± 0.05 - - (1)
18095 + 2704 7.58 ± 0.01 6.85 ± 0.01 6.50 ± 0.01 - - (5) 26, 35, 36, 37
18096 − 3230 11.46 ± 0.08 10.48 ± 0.11 10.25 ± 0.10 - - (7)
18182 − 1504 8.45 ± 0.02 6.23 ± 0.01 5.20 ± 0.01 - - (5)
18186 − 0833 11.9± 0.2 11.9 ± 0.2 11.3 ± 0.2 - - (1)
18216 − 0156 - ≥ 11.3 9.00 ± 0.05 - - (1)
18229 − 1127 7.60 ± 0.03 5.61 ± 0.02 4.60 ± 0.02 - - (1)
18246 − 1032 10.88 ± 0.06 9.79 ± 0.04 9.37 ± 0.03 - - (5)
18252 − 1016 12.04 ± 0.17 9.86 ± 0.05 8.91 ± 0.03 - - (5)

other hand, non-variable OH/IR stars, although belong-
ing to the group of post-AGB stars, will be considered as a
separate group in the following. As we also see in Table 5,
they show near infrared properties which are quite similar
to those observed in variable OH/IR stars, probably be-
cause they have just very recently left the AGB stage and
are still heavily obscured by their circumstellar envelopes.

OH/IR stars are easily recognized because of the pres-
ence of the characteristic double-peaked OH maser emis-

sion at 1612 MHz and the strong silicate absorption
feature at 9.8 µm in their LRS, when available. However,
it is more difficult to determine whether individual objects
under this class should be classified either as variable or
as non-variable stars. Although, as we will see below their
distribution in the IRAS two-colour diagram is not exactly
the same, only with a detailed monitoring of the emission
observed in the near infrared or in the OH maser we can
unambiguously determine to which of these groups the
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Table 3. f) Observed magnitudes

IRAS name J H K L′ M Run Other measurements

18257 − 1000 9.03 ± 0.03 7.08 ± 0.02 6.33 ± 0.02 - - (1)
18347 − 0825 ≥ 13.0 9.55 ± 0.05 7.91 ± 0.02 - - (5)
18379 − 1707 10.76 ± 0.13 10.55 ± 0.10 10.33 ± 0.10 - - (1) 12
18386 − 1253 9.81 ± 0.06 9.14 ± 0.04 8.84 ± 0.04 - - (1)
18420 − 0512 9.03 ± 0.03 7.60 ± 0.02 7.08 ± 0.03 - - (3)
18454 + 0001 8.86 ± 0.03 7.16 ± 0.02 6.52 ± 0.02 - - (5)
18485 + 0642 11.02 ± 0.07 9.65 ± 0.03 9.18 ± 0.02 - - (3)
18514 + 0019 9.44 ± 0.07 8.47 ± 0.04 8.11 ± 0.04 - - (1)
18518 + 0558 10.82 ± 0.06 8.71 ± 0.02 7.85 ± 0.02 - - (5)
18520 + 0007 11.56 ± 0.14 9.08 ± 0.04 7.96 ± 0.02 - - (5)
18576 + 0341 12.1 ± 0.3 9.15 ± 0.03 6.83 ± 0.02 - - (1)
18582 + 0001 9.22 ± 0.05 8.50 ± 0.03 8.17 ± 0.03 - - (1)
19005 − 0445 10.15 ± 0.07 8.97 ± 0.02 8.67 ± 0.03 - - (3)
19071 + 0857 ≥ 13.0 11.90 ± 0.12 10.62 ± 0.07 - - (5)
19154 + 0809 12.21 ± 0.13 10.72 ± 0.04 10.11 ± 0.04 - - (3)
19176 + 1251 11.49 ± 0.08 9.57 ± 0.04 8.93 ± 0.03 - - (5)
19190 + 1048 12.65 ± 0.14 10.40 ± 0.04 9.37 ± 0.03 - - (5)
19193 + 1804 12.8 ± 0.2 11.08 ± 0.07 10.48 ± 0.06 - - (5)
19207 + 2023 10.35 ± 0.06 9.43 ± 0.02 9.04 ± 0.02 - - (5)
19254 + 1631 11.62 ± 0.08 9.00 ± 0.02 7.95 ± 0.02 - - (5)
19283 + 1944 - ≥ 12.9 12.13 ± 0.17 - - (5)

- - 11.60 ± 0.20 - - (8)
19306 + 1407 11.83 ± 0.13 10.64 ± 0.05 10.18 ± 0.05 - - (5)
19344 + 2457 ≥ 13.0 12.42 ± 0.18 9.84 ± 0.04 - - (1)
19356 + 0754 12.6 ± 0.2 10.99 ± 0.08 8.82 ± 0.03 - - (5)
19454 + 2920 11.90 ± 0.10 11.16 ± 0.08 10.61 ± 0.07 - - (5) 35
19475 + 3119 7.73 ± 0.02 7.41 ± 0.02 7.25 ± 0.02 - - (3) 37
19477 + 2401 11.87 ± 0.15 9.89 ± 0.04 9.10 ± 0.03 - - (5) 35
19576 + 2814 9.94 ± 0.07 8.43 ± 0.06 7.88 ± 0.06 - - (8)
19589 + 4020 11.47 ± 0.08 10.56 ± 0.06 10.27 ± 0.05 - - (5)
19590 − 1249 11.08 ± 0.12 10.96 ± 0.14 10.78 ± 0.10 - - (1)
20094 + 3721 8.06 ± 0.02 7.31 ± 0.02 6.95 ± 0.02 - - (3)
20144 + 4656 - ≥ 11.2 10.11 ± 0.09 - - (1)

12.33 ± 0.16 11.29 ± 0.08 10.36 ± 0.05 - - (5)
20144 + 3526 ≥ 11.6 11.27 ± 0.17 9.64 ± 0.05 - - (1)
20244 + 3509 9.50 ± 0.07 8.26 ± 0.01 7.61 ± 0.02 - - (3)
20406 + 2953 11.51 ± 0.09 9.19 ± 0.02 7.94 ± 0.02 - - (5)
20461 + 3853 11.54 ± 0.11 10.53 ± 0.05 9.80 ± 0.04 - - (9)

source belongs. In the absence of data, the IRAS varia-
bility index has been used in Table 6 to classify OH/IR
stars into one of these two classes. To avoid this problem,
whenever it has been possible, the sources showing OH
maser emission in association with a low IRAS variability
index were reobserved in the near infrared. In this way, a
few objects initially classified as non-variable turned out
to be strongly variable. This was the case, for instance,

of IRAS 11438−6330, for which we found extraordinary
large variations in the near infrared, when observed at two
different epochs separated about two years, with a colour
index H−K close to 8 magnitudes and an amplitude of
more than 3.5 magnitudes in the K band.

With such a red colour, the most heavily obscured vari-
able OH/IR stars might not be detectable in the K band,
specially if they are observed close to a minimum in their
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Table 3. g) Observed magnitudes

IRAS name J H K L′ M Run Other measurements

20462 + 3416 10.57 ± 0.03 10.44 ± 0.03 10.31 ± 0.03 - - (9)
20470 + 4458 - ≥ 13.0 10.49 ± 0.06 6.3± 0.3 - (9) 1
20490 + 5934 7.69± 0.05 6.70± 0.05 5.95± 0.04 - - (8) 4

9.84± 0.06 9.36± 0.03 8.82± 0.03 - - (9)
20559 + 6416 9.47± 0.06 8.68± 0.03 7.85± 0.02 - - (9)
20572 + 4919 8.86± 0.03 7.95± 0.02 7.01± 0.02 - - (9) 4
20588 + 5215 11.20 ± 0.14 10.10 ± 0.05 9.40± 0.06 - - (9)
21002 + 4939 9.69± 0.05 8.86± 0.03 7.98± 0.02 - - (9) 38
21289 + 5815 11.99 ± 0.22 11.04 ± 0.09 9.92± 0.05 - - (9)
21542 + 5558 9.95± 0.04 9.27± 0.03 8.97± 0.03 - - (5)
21546 + 4721 ≥ 13.1 12.34 ± 0.11 11.41 ± 0.07 - - (5)

12.9± 0.3 12.29 ± 0.09 11.29 ± 0.09 - - (9)
22023 + 5249 11.30 ± 0.08 11.11 ± 0.06 10.83 ± 0.07 - - (5)
22036 + 5306 11.82 ± 0.13 9.75± 0.04 7.63± 0.03 - - (5)

11.6± 0.2 9.55± 0.06 7.51± 0.06 - - (8)
11.55 ± 0.10 9.60± 0.03 7.50± 0.02 4.70 ± 0.08 - (9)

22223 + 4327 8.15± 0.03 7.72± 0.03 7.51± 0.03 - - (2)
7.82± 0.02 7.43± 0.02 7.20± 0.02 - - (5) 5

SAO 34504 5.55± 0.03 4.91± 0.03 4.67± 0.03 - - (1) 1, 26, 37
22331 + 5809 12.76 ± 0.14 11.75 ± 0.09 10.70 ± 0.05 - - (5)
23198 − 0230 9.19± 0.03 8.20± 0.03 7.37± 0.02 - - (9) 39
23304 + 6147 8.50± 0.03 7.79± 0.02 7.44± 0.02 - - (9) 1, 3, 4
23312 + 6028 10.13 ± 0.06 9.81± 0.04 9.54± 0.03 - - (5)
23436 + 6306 11.48 ± 0.22 10.13 ± 0.05 9.13± 0.05 - - (9)

1. Paper I 14. Lepine et al. (1995) 27. Persi et al. (1987)
2. Kenyon et al. (1990) 15. Miroshnichenko et al. (1996) 28 Le Bertre (1993)
3. Hrivnak & Kwok (1991) 16. Gaylard & Whitelock (1988) 29. Epchtein et al. (1987)
4. Paper II 17. Persson & Campbell (1988) 30. Nyman et al. (1993)
5. Kwok et al. (1995) 18. Liseau et al. (1992) 31. Epchtein & Nguyen-Q-Rieu (1982)
6. Blommaert et al. (1993) 19. Allen & Glass (1975) 32. Hu et al. (1993b)
7. Allen (1974) 20. Hrivnak et al. (1989) 33. Persi et al. (1990)
8. Allen (1973) 21. Hu et al. (1990) 34. Jones et al. (1982)
9. Hu et al. (1993a) 22. Hu et al. (1989) 35. Lawrence et al. (1990)
10. Campbell et al. (1989) 23. Gaylard et al. (1989) 36. Hrivnak et al. (1988)
11. Zijlstra et al. (1991) 24. Elias (1978) 37. Kastner & Weintraub (1995)
12. Fouque et al. (1992) 25. Lloyd-Evans (1985) 38. Cohen (1974)
13. Kastner et al. (1992) 26. van der Veen et al. (1989) 39. Whitelock et al. (1995).

light curves. As we can see in Table 5, some objects classi-
fied as OH/IR stars were not detected in the near infrared
in a first visit while, when reobserved at a different epoch,
they were succesfuly measured well above the detection
limit.

In the near infrared two-colour diagram both vari-
able and non-variable OH/IR stars are found strongly
concentrated in Region II, as we can see in Table 5.

This region corresponds to objects showing an extremely
reddened stellar emission, as expected. In some cases,
the near infrared colours are so reddened that the ob-
jects fall close to or outside the limits of our plots,
as is the case of IRAS 05284+1945, IRAS 11438−6330,
IRAS 14247−6148, IRAS 16437−3140, IRAS 17583−3346
and IRAS 20043+2653, all them identified as strongly ob-
scured OH/IR stars.
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Table 4. IRAS sources not detected in the K band

IRAS name Run IRAS name Run

01475 − 0740 (9) 18011 − 1847 (3)
04117 + 6402 (9) 18083 − 2155 (3)
04172 + 4411 (9) 18355 − 0712 (5)
05284 + 19451 (9) 18385 + 1350 (5)
05318 + 2749 (9) 18524 + 0544 (5)
06055 − 0653 (9) 18533 + 0523 (5)
06499 + 01452 (9) 19024 + 0044 (5)
08574 − 5011 (4) 19182 + 1806 (5)
09024 − 50193 (4) 19219 + 1533 (5)
09032 − 3953 (4) 19480 + 2504 (5)
09370 − 4826 (6) 20042 + 3259 (8)
10194 − 5625 (4,7) 20103 + 3419 (5)
11472 − 7834 (6) 20272 + 3535 (5)
11544 − 6408 (4) 20404 + 4527 (5)
14562 − 56374 (4) 21206 + 5145 (5)
16040 − 4708 (7) 21388 + 5622 (5)
16114 − 4504 (4) 21480 + 5640 (5)
17021 − 3109 (4) 21537 + 6435 (9)
17086 − 2403 (1) 21554 + 6204 (9)
17448 − 2131 (1) 22568 + 6141 (5,9)
17521 − 2938 (5) 23125 + 5921 (5)

1 Detected in run (8).
2 The object detected in run (2) is 40′′ away from the

IRAS position.
3 Detected in run (6).
4 Detected in run (7).

In the far infrared IRAS two-colour diagram, however,
variable and non-variable OH/IR stars are observed fol-
lowing a different distribution. While objects identified as
variable OH/IR stars only appear in Region b) of this
diagram, as expected, a significant fraction of the IRAS
sources classified as non-variable are found well outside
the limits of this region, showing a similar distribution to
that observed in more evolved post-AGB stars.

Among the IRAS sources classified as post-AGB stars
in Table 6 we find not only objects with optically bright
counterparts, but also heavily obscured stars still occulted
behind their expanding circumstellar shells, showing a low
IRAS variability index. Like non-variable OH/IR stars,
they are also probably in a very early post-AGB stage
but, in this case, the OH maser emission is not detected
any more. Most of them are easy to recognize because they
are located in the far infrared IRAS two-colour diagram
in the region where the only existing overlap is with PNe.
Sometimes, however, they are found in regions where a

strong overlap exists with other heavily obscured objects,
such as compact HII regions or Herbig-Haro objects. In
this case, previously unidentified objects have been clas-
sified as post-AGB stars and not as young stellar objects
only when, after a visual inspection of the Palomar or ESO
prints, we found that the IRAS source was not located in
the direction of any dark nebula or molecular cloud and,
of course, not in association with any known star forming
region.

The detection of broad CO molecular emission lines
in some of these post-AGB stars suggests that they may
be surrounded by C-rich neutral envelopes. This could
be the reason why they were not detected in OH. Some
of them must be strongly obscured since they are very
bright in the far infrared, with an LRS showing a fea-
tureless and very red continuum, but they have not been
detected in the K band above our detection limit. This is
the case of IRAS 09032−3953, IRAS 19480+2504 or
IRAS 20028+3910.

In the near infrared two-colour diagram, heavily obs-
cured post-AGB stars are usually detected in Region II,
with an identical distribution to that observed in va-
riable and non-variable OH/IR stars, which seems rea-
sonable considering their evolutionary connection. As for
the OH/IR stars, the near infrared colours observed can
be interpreted as stellar emission combined with a mod-
erate circumstellar reddening. With the dilution of the
envelope, as a consequence of the expansion of the cir-
cumstellar shell, we expect the emission coming from the
central star to become dominant in the near infrared. This
is the case of the optically bright post-AGB stars found
in Region I of the diagram.

The direct connection between non-variable OH/IR
stars and optically bright post-AGB stars is confirmed by
the detection of objects, like IRAS 16559−2957, showing
both the characteristic double-peaked OH maser emission
at 1612 MHz and, at the same time, a bright optical coun-
terpart of intermediate spectral type. In this particular
case, the detection of a faint Hα emission over an F5 I
stellar continuum confirms the right identification of the
optical counterpart.

A direct evolutionary connection between heavily ob-
scured post-AGB stars and PNe is also possible, as ob-
served in the case of IRAS 19016−2330. Not detected by us
in June 1986, it was observed by van der Veen et al. (1989)
in June 1987 with a K magnitude close to our detection
limit and very red colours corresponding to our Region
III in the near infrared two-colour diagram. Recently, we
have detected the faint optical counterpart of this star and
we have found that it already shows nebular emission of a
very low excitation class over a very red continuum, while
the source still show a deep silicate absorption band in the
mid-infrared (van der Veen et al. 1989).

The detection of optically bright post-AGB stars with
intermediate spectral types is expected in the case of low
mass progenitors, since they evolve slow enough to become
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observable again in the optical when the effective temper-
ature of the central is still relatively low. In contrast, high
mass progenitor stars would evolve so fast that the central
star could reach an effective temperature hot enough to
produce the onset of the ionization of the envelope when
the circumstellar shell is still optically thick.

Supporting this possibility, a few heavily obscured
OH/IR stars have been found to show both OH maser
emission and radio continuum emission (Zijlstra et al.
1989). It is tempting to speculate that they may be
the result of the rapid evolution of high mass progen-
itors. However, some of these so-called “OHPN” stars
are known to be peculiar. Sometimes, as observed in
IRAS 17347−3139, our photometric data indicate that
the central star is still strongly variable. In addition, the
OH maser emission observed usually show multiple peaks
which have been interpreted as an indication of bipolarity.
On the other hand, it is well known that bipolar structures
are usually found among type I PNe, which are considered
to be the result of the evolution of high mass progenitors.
Some of the most heavily obscured new PNe found, like
IRAS 07027−7934 or IRAS 17423−1755, have also been
detected in OH, confirming that OH maser emission and
ionization may coexist in some peculiar PNe. At least in
the case of IRAS 17423−1755 we know that the source is
strongly bipolar and it shows a very high velocity outflow
(Riera et al. 1995).

A considerable number of post-AGB stars with op-
tically bright counterparts are located in Region IV of
the diagram. This position cannot be explained only in
terms of interstellar or circumstellar reddening and re-
quires the presence of hot dust surrounding the central
star. Hot dust is only expected if the mass loss has not
completely stopped after the end of the AGB phase. It
is well known that some post-AGB stars show sporadic
mass loss episodes which can accelerate the transition to-
wards the PN stage. Supporting this interpretation, we
have found that most of the post-AGB stars in Region IV
of the diagram show Hα emission in their optical spectra
(Garćıa-Lario et al. 1997a).

A similar situation is observed for many objects in
Region I of the diagram identified as post-AGB stars.
Some of them are located to the right of the main-sequence
and giant stars and, again, this position cannot be ex-
plained in terms of interstellar or circumstellar extinction
only. The near infrared excess observed is also atributed
to hot dust formed as a consequence of recent post-AGB
mass loss and this has also been confirmed in many cases
through the detection of Hα emission.

4.2.3. Young stellar objects

Among the previously unidentified IRAS sources in our
sample we have also found a considerable fraction of young
stellar objects (25%), as expected, most of them concen-
trated in known star-forming regions, such as the Taurus-

Auriga complex and Orion. This fraction is similar to that
observed in the group of well identified IRAS sources.
Their identification, however, is not possible based on near
infrared data alone, and additional criteria or observations
in other spectral ranges have been used.

For this purpose, as already shown, IRAS data can be
efficiently used, since we know that T-Tauri and Herbig
Ae/Be stars are located in a well defined region of the
IRAS two-colour diagram. Unfortunately, as we know, in
this region we can also find PNe, extremely reddened
OH/IR stars and galaxies. On the other hand, compact
H II regions and other heavily obscured young stellar ob-
jects are also observed only in a very specific region of
the IRAS two-colour diagram but, again, some overlap
exists, in this case usually with PNe. For the objects lo-
cated in one of these two overlapping regions, and in the
absence of data taken in other spectral ranges, the visual
inspection of the Palomar or ESO prints and the search
for possible associations with known star forming regions
is very useful. In this way, for instance, we have identified
IRAS 23312+6028 as the central star of an extended H II
region, clearly visible on the Palomar print.

Of course, the absence of OH maser emission, the as-
sociation with a low IRAS variability index or a very low
galactic latitude are all criteria which can also be used as
additional indicators of a young stellar nature. An abnor-
mal concentration of IRAS sources in a small region of
the sky has also been used to identify new star forming
regions, specially if the IRAS colours for all them are con-
sistent with a young stellar nature. In addition, sometimes
a narrow CO emission line is observed towards sources
embedded in molecular clouds, in contrast with the broad
CO emission line observed in the expanding shells of C-
rich post-main sequence stars. Moreover, in high density
regions, H2O maser emission (sometimes also NH3), is fre-
quently detected, usually associated to the presence of
Herbig-Haro objects.

As we can see in Table 5, most of the previously
unidentified IRAS sources now classified as young stel-
lar objects appear concentrated in Regions III and IV of
the near infrared two-colour diagram. As expected, the
most heavily obscured ones, usually identified as compact
H II regions or Herbig-Haro objects, tend to concentrate in
Region III of the diagram, although a few of them are also
found not too far in Region II. Embedded in their parent
molecular clouds, some of them do no show any optical
counterpart and the near infrared colours observed are
consistent with hot dust emission at temperatures betwen
800 and 1500 K.

In contrast, those located in Region IV of the diagram
usually show bright optical counterparts and are identified
as T-Tauri or Herbig Ae/Be stars. Many of these stars are
known to be surrounded by circumstellar disks which are
probably responsible for the strong near infrared excess
observed. The few objects identified as T-Tauri or Herbig
Ae/Be stars found in Region I of the diagram with no or
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Fig. 4. J−H vs. H−K two colour diagram where we show the position occupied by the observed IRAS sources once they have
been classified according to the criteria given in the text

Table 5. Distribution of the various types of objects found among the unidentified IRAS sources in the near infrared two-colour
diagram

Class Region I Region II Region III Region IV Region V Not Detected Detected (Total)

Planetary Nebulae 8 16 4 9 3 6 40 (46)

Post-AGB 58 28 4 20 0 15 110 (125)
Non-variable OH/IR 3 25 3 1 0 4 32 (36)
Variable OH/IR 3 24 1 0 0 3 28 (31)

Young Stellar Objects 11 12 18 26 0 15 67 (82)

Galaxies 0 0 0 0 0 2 0 (2)
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Fig. 5. IRAS two-colour diagram where we show the position of the observed IRAS sources, once they have been classified
according to the criteria given in the text

very little near infrared excess may be the result of the
observation of these circumstellar disks pole-on.

4.2.4. Galaxies

As we know, only the brightest active galactic nuclei are
expected to fulfill our selection criteria, and these are usu-
ally well known objects in the literature. Thus, it is not
surprising that only two objects have been considered as
possible new active galactic nuclei among the unidentified
IRAS sources in our sample.

One of them, IRAS 01475−0740, has already been
confirmed as a new Seyfert galaxy through opti-
cal spectroscopy (Pérez et al. 1990). The other one,
IRAS 04117+6402, has tentatively been classified as a pos-
sible galaxy because it shows the characteristic colours
both in the far infrared and the near infrared and it is lo-
cated at a relatively high galactic latitude without being
associated to any known star forming region. However, a
spectroscopic confirmation is still pending.

Although active galactic nuclei appear concentrated
in well defined regions of both the far infrared and the
near infrared two-colour diagrams, their detection in the

near infrared is very difficult, since even the bright-
est sources are expected to be very faint. In fact, both
IRAS 01475−0740 and IRAS 04117+6402 were not de-
tected in the K band above our detection limit, suggesting
that a few others may be hidden among the rest of sources
not detected in the K band listed in Table 4.

The final classification, including all objects observed
in the near infrared so far, is shown in Table 6. In this
Table we give the sequence number of each source in our
sample (Col. 1), the IRAS name (Col. 2) together with any
other name usually associated to the IRAS source (Col. 3),
the IRAS flux at 12 µm in Janskys as quoted in Version 2
of the Point Source Catalogue (IRAS Science Team 1988)
(Col. 4), the non-colour corrected IRAS colours [12]−[25]
(Col. 5) and [25]−[60] (Col. 6) as defined in Sect. 4, the
LRS class when available (Col. 7), the IRAS variability in-
dex (Col. 8), a code from I to V indicating the position of
the source in the near infrared two-colour diagram or the
letters ND if the object was not detected (Col. 9), infor-
mation about the molecular emission observations carried
out in CO (Cols. 10 and 11) and OH (Cols. 12 and 13),
and our tentative classification (Col. 14).
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5. Conclusions

Although, in most cases, based on near infrared data
alone, it is not possible to determine the nature of a given
source, the combination of our near infrared photome-
try with the properties observed in the far infrared and
a few other additional criteria provides essential informa-
tion which has been used to determine the nature and evo-
lutionary stage of a sample of unidentified IRAS sources
with far infrared colours similar to those observed in well
known PNe.

Single near infrared counterparts have been detected
in 80% of the IRAS fields searched. For these positive
detections, we have determined the origin of the near
infrared emission observed according to whether this is
mainly stellar, nebular or due to hot dust (or a combina-
tion of them). As shown in Fig. 4, their distribution in the
near infrared two-colour diagram is quite different to that
shown by the group of well identified objects in our sample
plotted in Fig. 1. However, in Fig. 5 we see that there is a
very good agreement between the colours observed in the
far infrared for the new objects found and those expected
for each class, as determined from previous surveys in the
literature, which confirms the consistency of the criteria
used.

The percentage of young stars found (25%) is only
slightly larger than that previously observed in the sample
of well identified IRAS sources, and the new objects found
show a very similar distribution in the near infrared two-
colour diagram. T-Tauri and Herbig Ae/Be stars usually
show stellar-like emission with a moderate near infrared
excess which is attributed to the presence of circumstellar
disks. Other young stellar objects, such as deeply embed-
ded compact H II regions and Herbig-Haro objects, are
strongly obscured and their near infrared colours are con-
sistent with a black-body emission at temperatures betwen
800 and 1500 K.

Only two possible galaxies, both too faint in the near
infrared to be detected, were found among the unidenti-
fied IRAS sources in our sample. This is explained by the
fact that only a small number of bright active galaxies sat-
isfy our selection criteria and most of them were already
included in the sample of very well known objects in the
literature.

Among the new IRAS sources, we found a very low per-
centage of PNe (13%), compared to the 49% observed in
our sample of well identified objects. In addition, most of
them show peculiar near infrared colours, which are only
observed in very young and dusty PNe. The main con-
tribution to the near infrared emission observed in these
PNe comes from their central stars, sometimes affected by
a strong circumstellar reddening, and/or from hot dust
present in the envelope.

In contrast, we find a very large number of transition
objects in the late-AGB or in the post-AGB stage (61%).
They show a wide variety of near infrared colours. Late-

AGB stars are always heavily obscured by their thick cir-
cumstellar shells, as expected. Among the stars already in
the post-AGB stage we find both, heavily obscured objects
(with or without OH maser emission), and optically bright
stars. Some of them show a near infrared excess which is
interpreted as the consequence of recent post-AGB mass
loss.

Unfortunately, it is not possible just from the rela-
tive numbers of post-AGB stars and PNe found to es-
timate the lifetime of the post-AGB evolutionary phase.
First, because it is not clear whether all post-AGB stars
become observable PNe and second, because it is clear
that the use of IRAS data produces a strong selection ef-
fect which favours the detection of post-AGB stars, which
sometimes can only be recognized through the analysis
of their far infrared emission. OH/IR stars, well evolved
PNe and galaxies are relatively easy to discover in other
spectral ranges, because of their strong molecular maser
emission, rich emission line optical spectra or the presence
of radio continuum emission.

One of the most interesting results obtained is the de-
tection of a relatively large sample of post-AGB stars in
a very early stage, still heavily obscured in the optical.
Previous surveys have always been biased towards the
search for optically bright post-AGB stars with interme-
diate spectral types, which are probably the result of the
evolution of low mass stars which might never become
PNe. Among these heavily obscured post-AGB stars we
expect to find rapidly evolving massive post-AGB stars
which may be the true progenitors of PNe. This possi-
bility is supported by the discovery of a few heavily ob-
scured transition objects already showing the presence of
emission lines in their optical spectra and/or radio contin-
uum emission. The detection of their near infrared coun-
terparts is the first step needed for further studies, which
are already in progress, including ISO observations in a
few cases. This may be crucial to understand the short
transition phase which precedes the formation of a PN.
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Garćıa-Lario P., 1992, Ph. D. Thesis, University of La Laguna,

Tenerife, Spain
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P. Garćıa-Lario et al.: Near infrared photometry of IRAS sources with colours like planetary nebulae. III. 501

Kailey W.F., Lebofsky M.J., 1988, ApJ 326, 653
Kastner J.H., Weintraub D.A., 1995, ApJ 452, 833
Kastner J.H., Weintraub D.A., Zuckerman B., et al., 1992, ApJ

398, 552
Kenyon S.J., Hartman L.W., Strom K.M., Strom S.E., 1990,

AJ 99, 869
Kistiakowsky V., Helfand D.J., 1995, AJ 110, 2225
Kleinmann S.G., Gillett F.C., Joyce R.R., 1981, ARA&A 19,

411
Klochkova V.G., 1995, MNRAS 272, 710
Knapp G.R., 1986, ApJ 311, 731
Knapp G.R., Morris, M., 1985, ApJ 292, 640
Knapp G.R., Sutin B.M., Phillips T.G., et al., 1989, ApJ 336,

822
Knapp G.R., Bowers P.F., Young K., Phillips T.G., 1995, ApJ

455, 293
Koornneef J., 1983, A&AS 51, 489
Kulkarni S.R., Vogel S.N., Wang Z., Wood D.O.S., 1992, Nat

360, 139
Kwok S., Hrivnak B.J., Milone E.F., 1986, ApJ 303, 451
Kwok S., Hrivnak B.J., Boreiko R.T., 1987, ApJ 321, 975
Kwok S., Volk K.V., Hrivnak B.J., 1989, ApJ 345, L51
Kwok S., Hrivnak B.J., Geballe T.R., 1995, ApJ 454, 394
Latter W.B., Maloney P.R., Kelly D.M., et al., 1992, ApJ 389,

347
Lawrence G., Jones T.J., Gehrz R.D., 1990, AJ 99, 1232
Le Bertre T., 1988, The Messenger 51, 24
Le Bertre T., 1993, A&AS 97, 729
Le Bertre T., Nyman L.-A., 1990, A&A 233, 477
Lepine J.R.D., Ortiz R., Epchtein N., 1995, A&A 299, 453
Lewis B., 1992, ApJ 396, 251
Lewis B.M., Eder J, Terzian Y., 1987, AJ 94, 1025
Kwok S., Hrivnak B.J., Milone E.F., 1986, ApJ 303, 451
Kwok S., Hrivnak B.J., Boreiko R.T., 1987, ApJ 321, 975
Kwok S., Volk K.V., Hrivnak B.J., 1989, ApJ 345, L51
Kwok S., Hrivnak B.J., Geballe T.R., 1995, ApJ 454, 394
Latter W.B., Maloney P.R., Kelly D.M., et al., 1992, ApJ 389,

347
Lawrence G., Jones T.J., Gehrz R.D., 1990, AJ 99, 1232
Le Bertre T., 1988, The Messenger 51, 24
Le Bertre T., 1993, A&AS 97, 729
Le Bertre T., Nyman L.-A., 1990, A&A 233, 477
Lepine J.R.D., Ortiz R., Epchtein N., 1995, A&A 299, 453
Lewis B., 1992, ApJ 396, 251
Lewis B., Eder J., Terzian Y., 1990, ApJ 362, 634
Likkel L., 1989, ApJ 344, 350
Likkel L., Morris M., 1988, ApJ 329, 914
Likkel L., Omont A., Morris M., Forveille T., 1987, A&A 173,

L11
Likkel L., Forveille T., Omont A., Morris M., 1991, A&A 246,

153
Likkel L., Morris M., Maddalena R.J., 1992, A&A 256, 581
Lindqvist M. Nyman L.-A., Olofsson H., Winnberg A., 1988,

A&A 205, L15
Liseau R., Lorenzetti D., Nisini B., Spinoglio L., Moneti A.,

1992, A&A 265, 577
Lloyd-Evans T., 1985, MNRAS 217, 493
Loup C., Forveille T., Nyman L.-A., Omont A., 1990, A&A

227, L29
Luck R.E., Bond H.E., 1989, ApJ 342, 476
MacConnell D.J., 1982, A&AS 48, 355

Manchado A., Pottasch S.R., Garćıa-Lario P., Esteban C.,
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