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Abstract.

We present optical and near-infrared finding charts takemfthe DSS and 2MASS surveys of 94 IRAS sources selected
from the GLMP catalogue, and accurate astrome#r§.2’) for most of them. Selection criteria were very red IRAS cof
representative for O#R stars with optically thick circumstellar shells and thegence of variability according to the IRAS
variability index (VAR>50). The main photometric properties of the stars in thisMELsample’ are presented, discussed and
compared with the correspondent properties of the ‘Aresénople’ of OHIR stars studied nearlier. We find that 37% of the
sample (N=34) has no counterpart in the 2MASS, implying extremely hagkical depths of their shells. Most of the sources
identified in the 2MASS are faint (88) and are of very red colour in the near-infrared, as expgedge brightest 2MASS
counterpart (K5.3 mag) was found for IRAS 18299-1705. Its blue colour H4k3 suggests that IRAS 18299-1705 is a post-
AGB star. Few GLMP sources have faint but relatively bluentetparts. They might be misidentifed field stars or staas th
recently experienced a drop of their mass loss rates. Th&&kample’ in general is made of oxygen-rich AGB stars, which
are highly obscured by their circumstellar shells. Theypbglto the same population as the reddestIRlstars in the ‘Arecibo
sample’.

Key words. Stars: OHIR — Stars: AGB and post-AGB — Stars: circumstellar mattertarsS variable — Stars: evolution —
Infrared: stars

1. Introduction 1993). The sample was obtained from a complete survey of
IRAS sources with flux densities2 Jy at 25m, with declina-

{i3% 0<5 <37 and appropriate colours of AGB stars (Olnon
et al[1984). The OH maser detections qualify the IRAS saurce
as O-rich AGB stars. This sample is mainly constituted by op-

This is the second of a series of three papers devoted to
study of galactic OAR stars. In the first two papers we char
acterize in the optical and in the near-infrared two large-sa

Eles Sf OHIR‘stza(\)r(s):_theh‘Arecfibo ;ampltle’ stugier(]:i ir‘gli_ninezﬁcally visible sources# 2/3 of the sample), having optically
steban et al. ba (hereafter Paperl), and the S circumstellar envelopes (CSE), and by a smaller contri

ple’ StUdi?d here. In a forthcqming paper (Jiménez-Estefia bution of optically invisible onesx(1/3 of the sample), hav-

a!. ZUob; Paper 1) we combine both sa_mples to study the O|ng thick CSEs. These QIR stars are distributed over a wide
gin of the Iong-spreaq sequence of far-infrared COloursﬁ]dburange of the near-infrared J-H vs. H-K colour-colour diagra

by IRAS for oxygen-nph AGB stars, and propose eVOIUt'OnaWhich was shown in Paper| to be an extension toward redder

Bours of the area where optically visible Mira variables a

Nebulae identified in our Galaxy. normally found (Whitelock et al. 1994).

In Paper | we discussed the main optinakr-infrared prop- The ‘Arecib e’ dominantl s the bl
erties of a well-defined sample of far-infrared selected AG d € brffl:l IO sampie pre om;n?n yfreplrestgnn;me uer
stars showing OH maser emission. This sample, the ‘Areci  probably 1ess massive) population o galac g ars.

inority of highly obscured OHR star is present. To in-

sample’, consists of 385 IRAS sources, which were detec :
crease the sample of such @RI stars we compiled a new sam-

in the 1612 MHz OH maser line with the Arecibo radio tele” o . .
scope (Eder et al.T988; Lewis et BL_1090; Chengalur et Rle, taken this time from the GLMP catalogue (Garcia-Lario
' ' 1992). The purpose of the following analysis is to determine

Send offprint requests to: F.M. Jiménez-Esteban, the opticginear-infrared properties of this sample of very red
e-mail:Francisco.Jimenez-Esteban@hs.uni-hamburg.de (and probably of higher mass) AGB stars, and to establish con
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Table 1. Objects in common to the GLMP catalogue and to thgere classified by Gara-Lario as ‘variable OWR stars’, in ac-

‘Arecibo sample’ cordance with Lewis {1992), who found that these starsdalle
by him ‘OH/IR star mimics’ are indeed O-rich variable AGB
stars.

GLMP IRAS GLMP IRAS Two sources with low VAR index, namely IRAS 11438—
842 1851740037 851 185490208 6330 and IRAS 12358-6323, were included in addition be-
876 190650832 877 190670811 cause near infrared photometric observations taken fram th
882 1908%0322 901 191881148 literature confirmed that both objects are strongly vagabhl
902 191881057 920 192881944 the near-infrared (Gaylard et &I._1989; Lepine ef al. 1995; H
934 193522030 939 193741626 et al[1998; Garcia-Lario et &l. 1997) and, thus, can alsmhe
958 19565-3140 960 195762814 sidered as ‘variable O#R stars’.

966 200232855 972 200482653 The variability cut, while &icient in excluding non-AGB

983 201342838 999 202723535 objects, introduces a bias. Ony70% of the sky was surveyed

three times during the IRAS mission, while 20% was observed
only twice, and thus the variable sources in some parts of the
i i , ) i , _ sky were more likely recognized than others. Furthermbuee, t
nections with the properties of the ‘Arecibo sample’. In@si 5 iapijity detection significantly depends on colour. Roehe
llar way as we did for the Arecibo sources we have creatgfl, itetime of the IRAS satellite(L0 months), it was more

an atlas O_f fir_1ding charts combining op_tical images from tFobable to observe variability in QHR stars with shorter pe-
Second D|g|t|zed Sky Survey (DSS2; qurgovsk| etial. 2003), s (bluer IRAS colours) than in those with longer periods
and near-infrared images from the Two Micron All Sky SurveMedder IRAS colours).

(2MASS; Cutri et all 2003). The selected sources form a group of 110/[Rstars of

Section[® contains a description of the selected sampgich 16 are also part of the ‘Arecibo sample’ of OR! stars
In SectionB the process of identification of the opfieaér- (ee TabIElL). Since the optitaéar-infrared characteristics of
infrared counterparts is explained. This is followed by @br {14 sources in the ‘Arecibo sample’ were already presentdd a
description of the atlas contents. The results obtainediiare yic-,ssed in Paper|, we have not analysed again the ohjects i
cussed in Sectioll 4. The main conclusions are presenteq.iiymon. Then, after these are excluded, the resulting ‘GLMP
Sectior(®. sample’ is formed by a total of 94 QHR stars with very red
IRAS colours.

The position of the ‘GLMP sample’ in the IRAS two-colour
diagram is shown in Fi§l 1, together with the ‘O-rich AGB se-
The GLMP catalogue (Garcia-Lafio 1992) contains 1084 IRAguence’, and the position of the ‘Arecibo sample’. The ‘GLMP
sources with [12]-[25]vs. [25]-[60] colours similar to §8® sample’ occupies the red part in this diagram, increasimg co
shown by planetary nebulae (PNe). To include an object diderably the number of objects classified as/Bstars or
this catalogue the source must have been well detected (IRASrich AGB stars in this color range.

FQual> 2) in at least the three IRAS photometric bands centred
at 12, 25 and 62m and obey the following constraints:
) F,(12um)/F,(25:m) <0.50

2. Sample selection

3. Identification of the optical/IR counterparts

i) F,(25um)/F,(60um) >0.35 In order to determine the optigakar infrared counterparts
iii) F,(60um)/F,(10Qum) > 0.60, if a reliable measurementof the 94 OHIR stars in our sample we first determined the
(IRAS-FQual> 2) was available in the 1Q0m band. best coordinates available from existing catalogues aed th

Thus, the GLMP catalogue is made up by a heterogenesesirched for plausible counterparts at these locatiorrs doot
collection of far-infrared selected sources distributedrdhe the near-infrared images taken from the 2MASS and on the op-
full sky with very red IRAS colours ([12]-[25}0.75), con- tical images taken from the DSS2.
taining PNe, but also a considerable number of AGB and post-

AGB stars (apart from a small percentage of ‘contaminant’ . .

sources like T-Tauri stars, Herbig Ae-Be stars, uItr<';1cou:t1parg 1. Cross-correlation with the MSX

H 1l regions and even a few Seyfert galaxies). To identify thenproved coordinates with respect to those originally jed
O-rich AGB stars among them, we selected objects locatedbyn the IRAS Point Source Catalogue (accuracy typically be-
a characteristic region of the IRAS two-colour diagram glortween 10 —15”) can be obtained by cross-correlating our sam-
the sequence of colours predicted for O-rich AGB stars wifile with the MSX Point Source Catalogue (MSX6C) (Egan et
increasing mass loss (Bediin_1987; in the following we wilhl.[2003), which provides coordinates of the mid-infraredric
name this path the ‘O-rich AGB sequence’) (see Fig. 1) havitgrparts with an accuracy ef2”. The MSX survey is limited

a high (VAR > 50) IRAS variability index. They are classifiedto low galactic latitudes<|6|°) and, therefore, not all GLMP

in the GLMP catalogue as ‘variable @R stars’. Indeed, most sources have an associated MSX entry. However, the accuracy
but not all of these stars have OH maser detections at 16ff2he MSX positions is in many cases essential to identify
MHz and are therefore genuine @R stars. The rest was ei-the near-infrared counterpart, in particular in crowdeglaes
ther never observed in OH or not detected. Neverthelesg, tladong the galactic plane afud close to the Galactic Centre, and
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Fig.1. The position in the IRAS two-colour diagram of @R stars in the ‘GLMP sample’ (filled triangles) is compareithw
the position of the OHR stars in the ‘Arecibo sample’ (open circles). Filled @ are used for the few objects in common.
The solid line is the ‘O-rich AGB sequence’ (see text), anel BRAS colours are defined as: [E2P5]= —2.5log% and

[25]-[60] = 2.5 logexz).

for extremely red objects only marginally detectable in khe curacy of~ 0.2’. Depending on whether the coordinates were
band. from IRAS or from MSX, we inspected a circle with radius

We searched for the MSX counterpartin an area ¢f 69 307 or 6", respectively, centered on the nominal source po-
dius around the original IRAS position. When more than orfétion and searched for a plausible (i.e. redder than aegrag
MSX source was found, we selected the reddest MSX counté@uinterpart. In approximately one third of the cases only on
part, because only the reddest sources show MSX photome$ggrce was found showing redder than average colours. In an-
data consistent with the IRAS photometry. In almost all sasether third of the cases more than one red object was found.

the reddest MSX counterpart was also the nearest with respélé always selected the redder object, which turned out to be
to the search position. also the nearest with two exceptions: IRAS 17392-3020 and

Out of a total of 85 objects located within the MSX sky sulRAS 19087-1006.
vey area, we found that 82 objects (96% of them) had a plausi-
ble mid-infrared counterpart in the MSX6C (see Tallles 3 and Not all near-infrared counterparts identified were acguall
d). This high rate is similar to that found for the ‘Areciba$a included in the 2MASS-PSC. Five of them were identified di-
ple’ (Paperl). The 3 sources without MSX counterpart weggctly on the 2MASS images. These counterparts were proba-
probably missed because they are located at the edges ofgfyenot included in the PSC because of blending with nearby
MSX survey area, at galactic latitudgs>5.3". For these 3 sources or due to infiicient signal-to-noise ratio. For exam-
sources, plus the 9 additional ones not covered by MSX, W, close to the MSX position of IRAS 17151-3642 only a
could not improve the original IRAS astrometry. very bright source (2MASS 259.622353-36.768497) waddiste
in the PSC, while on the images an additional object invsibl
in the J-band appears on the H- and K-band images very close
to the bright source. This very red object was selected tken a
3.2.1. General search method the most reliable counterpart. A similar case is IRAS 17495—
2534. The near-infrared counterparts of IRAS 17428-2488 an
Near-infrared counterparts were searched for in the TWRAS 18091-2437 are faint and only visible in the K-band,
Micron All Sky Survey (2MASS). We first inspected theprobably with a flux below the detectability threshold. Hipa
2MASS images and obtained the position and the photoniBAS 18182-1504 is clearly in H- and K-band images, but
try of the selected counterpart mostly from the 2MASS Poitttere is no entry in the 2MASS-PSC. For all these sources we
Source Catalogue (2MASS-PSC), which has an astrometric derived their astrometric coordinates directly from theA586

3.2. 2MASS near-infrared counterparts
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images by determining the centroid of the point-like enoigsi
associated with the near-infrared counterpart.

A peculiar case is IRAS 18000—-2835. One 2MASS coun-
terpart is located only 1.8” off the MSX position, and shows
the strongest (K 5.05) near-infrared brightness in the sam-
ple, although with relatively blue colors (H-=K0.7). A second
2MASS counterpart was found in additier8.8” off the MSX
position, also showing strong &7.14) near-infrared bright-
ness, but with redder colours (H-=K1.4). From the confu-
sion flags quoted by the 2MASS-PSC for these two sources
it follows that the photometry of both stars is contaminated
They may be a binary system, as there is very little chance
to find two such bright stars so close together. Because of the
low spatial resolution of the IRAS satellite, it is possiltiat
the IRAS 18000-2835 fluxes are a combination of the individ-

ual fluxes of both stars. Furthermore, this source was not ge: - _— ’ .
tected in the 1612 MHx OH maser line by te Lintel Hekke?ﬁg' 3. Probab!llty of finding a field star within the search
y érea as a function of the near-infrared H-K colour. The rate

(1991) which leaves its classification as an oxygen-rich AG SMASS candidate counterparts actually found is given in
star open. Therefore, we omitted IRAS 18000—2835 from ﬂﬁ%rcentage on top of each binp y 9

following discussions.

65 2MASS near-infrared candidate counterparts were

found by this method among the now 81 IRAS sources with - _ )
MSX identifications, while in 16 cases (20% of the sourcé¥® Surprisingly blue with H—I< 2 (to the right of the dashed

with associated MSX counterparts) no object was found. OUt€ iN Figure[2; hereafter ‘blue subsample’). These caaieisi
of the 12 objects without MSX coordinates we were able ﬁi)o not follow the correlation of redder colours with fainker
find suitable near-infrared candidate counterparts in éses. band brightness.

IRAS 18195-2804 and IRAS 18479-2514 did not show any A Possible explanation for the objects of the ‘blue subsam-
plausible counterpart in the 2MASS. ple’ is misidentification with field stars. Despite a relatiy

small search box for the majority of the sources, the prdbabi
ity of misidentification is not negligible. The stellar fisldvere
3.2.2. Constraints due to contamination by field stars in many cases very crowded since some of them correspond to
] o ] regions of very low galactic latitude afot are located in the
Among the candidate counterparts a surprisingly largeitc girection of the Galactic Center. Then, more than one 2MASS
did not show the extremely red near-infrared colors expeCtgint source was usuallye(30%) found within the search area.
for this sample. This is shown in Figute 2, where we have plot- |, order to quantify the contamination we determined the
ted the near-infrared colour H-K as a function of K magnituqgspapility of misidentifications as a function of the H—K
for all ZMASS candidate counterparts with near-infrared-phqoyr, We randomly selected 9 fields in the vicinity of GLMP
tometry available. For comparison also the ‘Arecibo sample ¢4\ rces and collected all 2MASESC entries with H- and K-
plotted. For the sources not detected in H, lower limits f& t |54 detections within a radius 2.5 from their MSX coor-
H-K colour were calculated and marked with vertical arrowsginates. With a total number af4 000 sources, we calculated
A general correlation exists between the H-K colour anfle probability to find a field star within a circle of 6as func-
the K magnitude for the ‘Arecibo sample’, although there iston of the H-K colour. The result is shown in Figiiie 3.
large scatter in both axes. This distribution was explaimed  |f we now consider the whole sample of GLMP sources, we
Paper | by an increase of optical thickness of the CSEs (igan see that they follow a flierent colour distribution, show-
crease of H-K colour) leading to an increase of obscurationihg much redder H—K colours in general than expected from
the near-infrared (decrease in K-band brightness). Thigescathe probability analysis. The percentage of 2MASS candidat
is the result of i) the strong variability with typical amipldes counterparts actually found is given on top of each colomirbi
1™ AK 2™ rising in the most extreme cases up ¥ dnd i)  Figurd3. This clearly suggests that the probability of desi-
the range of distances of 1-5 kpc (Paper Ill), and iii) the-vatification is negligible for the redder counterparts. Tharte
ability of H-K colours which can reach (H-K) > 1™ (Harvey o find a field star with H—K> 1.5 is below 1%, while we find
et al[1974; Engels et al. 1983; Jiménez-Esteban et al.d005that 18% of the 2MASS candidate counterparts show such red
Only part of the 2MASS candidate counterparts follow theolours. Thus, all of them can be considered as plausibla-cou
general correlation shown by the ‘Arecibo sample’. They aterparts, irrespective their compliance with the genevalaia-
located to the left of the dashed line in Figlile 2, which wa®n shown by the ‘Arecibo sample’.
fitted by eye to outline the lower limits of H-K colours of the The 2MASS candidate counterparts with H<K.0 can
‘Arecibo sample’. Hereafter this group of counterpartsas rbe explained completely as misidentifications with fieldsta
ferred to as the ‘red subsample’. Forl9 many 2MASS can- in accordance with the results obtained from the ‘Arecibo
didate counterparts (as well as three of the ‘Arecibo saihplsample’. In Paperl we showed that the handful of Arecibo

(%)

Probability
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Fig.2. H-Kvs. K magnitude diagram of all 2MASS candidate countegaaf the ‘GLMP sample’ (filled triangles). The position
of the OHIR stars in the ‘Arecibo sample’ is also shown for compariémwen circles). Filled circles mark objects in common
and H-K lower limits are represented by vertical arrows. dhshed line separates the counterparts with blue H-K c®lour
suspected to be contaminated by field stars. The reddenatgnerresponds to A= 10".

OH/IR stars with red IRAS colours ([12]-[25]0.5) and blue tect variability in these counterparts are required to confhe
near-infrared colours (H-K 1) are not expected to be vari-identifications.
able OHIR stars, but to be candidate post-AGB stars instead.
The ‘GLMP sample’, however, was selected imposing that all
sources must have a high IRAS variability index (VARO), 3.3. Consistency checks
which should exclude post-AGB stars from the sample. We
therefore rejected all 16 2MASS candidate counterparts wite made several consistency checks involving correlabens
H—K < 1.0 because of being most likely reddened field stars.tween IRAS, MSX and 2MASS positions to validate the reli-
. . ) . ability of the MSX and 2MASS counterparts. In Tallle 2 we

Finally, it remains to consider the 11 2MASS candijs; the median and the mean separation (in arcsec) in Right
date counterparts with 1:0H-K <1.5. The probability for agcension &) and Declination §) between 2MASS coordi-
misidentification with a field star is 4% in this colour rangé,ates and the IRAS and MSX ones, together with the associ-
From the GLMP sources with MSX counterpart{N.O) we 4teq standard deviations. The median angular separation be
expect therefor N 3 misidentified counterparts in this coloukyeen the 2MASS and MSX positions is 1,3vhich is similar

range, while 10 were actually found. Two of them with#8 5 the median separation of 2.7or the Arecibo sources found
follow the general correlation shown by the ‘Arecibo samplejy paper.

leaving= 6 counterparts which cannot be explained as chance ) ) o
coincidences with field stars. In Fig.[4, we have plotted the angular separation distribu-

tion between 2MASS and MSX coordinates. Overplotted is the
The possible nature of the sources from the ‘blue subsadistribution of the blue 2MASS counterparts (H<K.0) which
ple’ will be discussed further in Secti@h 4. Observationd¢e were considered to be field stars. Their angular separadiens
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Table 2. Median and mean separation (and standard deviation)

between 2MASS and IRAS coordinates and between 2MASS opTrTrrr T ]
and MSX coordinates. i
ZO R.A. -
% [
L [
8 15 .
N Aa Aa (0 ae) A6 A6 (0as5) - r
median mean median mean N r
[} WO —
2MASS-IRAS 59 38 7.6' (87) 17 20 (4) £ |
2MASS-MSX 49 09 1.2' (1.1") 1.0 14 (1.3) = |
5 -
ob — =
0 10 20 30
Difference (arcsec)
257
20F . 40F
g -
= F F DEC. 1
S 15p ] 2 30F ]
5 L . :
o f )
8 1or ] °
§ I 1 © 20F E
S ‘ ] g
i I e A £
f e ; | ] z
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Angular separation (arcsec)
Fig.4. Angular separation between 2MASS and MSX coor- Difference (arcsec)

dinates for the 49 objects in common (solid line). Angula-se

aration between 2MASS and MSX coordinates for the 16 blig.5. Angular separation in right ascension (upper panel)

2MASS counterparts considered to be field stars (dashed lirend declination (lower panel) between 2MASS and IRAS coor-
dinates for the 59 OHR stars for which a near-infrared coun-
terpart was found. Not included in the R.A. distribution iseo
source withAa|=41".

3.4. The final set of 2MASS counterparts
significantly larger, confirming their identification as pedble
field stars. We ended with 59 IRAS sources having a 2MASS counterpart,

49 coming from the subset of sources with an MSX counter-

~Much larger separations are found between ZMASS and g A tentative identifications we consider the 9 couztes
original IRAS coordinates. Figufd 5 shows the distributisn with 1.0< H-K < 1.5 located outside H—K vs. K distribution

f[hese separatiolns. Wh"? in declinatipn they are Witl‘ﬁn/ﬁth of the Arecibo sources, and the counterparts detected anly i
just two exceptions, in right ascension we find a con3|deral?|l]e K-band and with a lower limit of H—K 1.5. because the
number of objects showing separations larger thah $imilar ;_« ¢onstraint could not be determined. The same applies for

separations have been found in Paper | for the Arecibo SBUIGRAS 14562-5637, IRAS 17004-4119. IRAS 17276—2846 and
Given the positional uncertainties of the IRAS-PSC of uiiRAS 17392-3020, whose photometry ifescted by blending
to 1’ (Paper I), counterparts with large 2MASS-IRAS sepaoblems, and for IRAS 17495-2534, which was just barely
rations might be misidentifications, if MSX coordinates ardetected both in the K and H filters. Detection of variability
not available. Nine sources with rather large 2MASS-IRAB also required in these cases to confirm the counterpart.
separations in RAX20”) are listed in Tabl€l3. All of them Thus, the identification strategy provided in 36 cases aplau
but IRAS 18298-2111 have MSX counterparts. IRAS 1829&ible near-infrared counterpart, while in 23 cases onlyngate
2111 is a bright IRAS source and its near-infrared countérptive near-infrared counterpartis provided. These 59 ssiace
has one of the reddest colours (H=K.69) in our sample. listed in TabldB. The Table includes the IRAS name, the as-
Moreover, this source is located at galactic latitlifle- 5.6°, trometric position from the 2MASS-PSC, thdfdrence to the
where confusion is unlikely. We conclude therefore that thpositions provided originally by IRAS and with the ones de-
identification of this counterpart is correct. rived from the MSX6C, and the MSX name, when available.
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Table 3. 2MASS and MSX counterparts of oxygen-rich AGB stars in theN@ sample’.

2MASS IRAS-2MASS IRAS-MSX
GLMP IRAS Coordinates Aa A Aa AS MSX6C_G Opt
(J2000) [l ("1 [1”1 ["]
228 084255116 * 0844 04.36 -512741.9 3 0 2 -1 269.441905.4504
309 114386330 1146 14.00 -6347 14.2 -2 2 -2 3 295.806501.8214
320 121586443 * 121835.48 -6500 14.2 2 -3 3 -3 299.468802.3533
333 123586323 123848.35 -633939.4 -1 1 0 0 301.530900.8231
382 142476148 14 28 30.73 -62 01 35.7 0 0 3 0 314.04941.2684
398 145625637 * 150002.39 -564944.2 6 -3 7 -2 319.866901.7534
430 154714634 1550 40.33 -46 43 16.9 2 -1 -2 -3 331.985305.7905
435 155145323 155521.13 -533244.6 -26 8 -22 10 328.224600.0418
447 160464708 * 1607 39.47 -47 16 26.3 3 -2 3 -2 333.825303.4834
463 162194823 162541.89 -483033.9 -1 0 0 -1 335.1416-00.4939
503 165823059 1701 29.83 -310419.0 -6 0
508 170044119 * 17 0355.97 -412400.8 1 2 -2 0 344.929300.0136  **
517 17036-3053 17 06 14.07 -305738.3 -2 0 -3 2 353.547205.9448
532 1710%#3330 17 14 05.06 -333358.0 -2 -1 -4 -2 352.421603.0672
541 171533642 * 171829.74 -364607.2 -5 5 -4 0 350.334600.4777
548 171732955 1720 20.25 -295822.8 -3 1 -3 -1 356.131604.0515 **
564 172423859 * 17 27 38.65 -3902 10.1 12 -2 12 -1 349.482902.2940 i
573 172762846 * 17 3048.35 -284901.7 3 1 5 -2 358.366802.8054
582 17316-3523 17 34 57.50 -352552.6 6 0 6 1 353.29791.5367
583 1731%#3331 17 3502.72 -333329.4 -7 -1 -5 0 354.883300.5384
589 173413529 1737 30.29 -353104.7 -17 3 -17 4 353.503902.0204
594 173562413 17 3808.85 -241449.3 -2 0 -3 0 003.108603.8899 **
595 173533429 * 173826.29 -343041.0 -2 -1 -4 -2 354.457901.6437
604 173673633 * 174007.63 -363441.4 -4 -3 -2 -2 352.888603.0333
619 173923020 * 1742 30.81 -302207.3 -22 -2 =17 0 358.424900.1744
626 174171630 1744 39.87 -163142.1 -4 -2
636 174282438 * 174556.97 -243957.8 -2 -2 -3 -2 003.685402.1592
649 174674256 1750 20.50 -4257185 -3 -1
656 174952534 * 1752 39.59 -253439.5 0 0 0 -2 003.684800.3883
659 17504-3312 175350.24 -331326.3 -41 2 -4 0 357.219703.7085
672 175453317 1757 49.20 -3317 47.6 1 -1 0 -2 357.573%04.4663
685 175771519 1800 36.12 -151944.6 -13 -2 -15 -2 013.4930603.9153
691 17583-3346 1801 39.27 -3346005 -5 -1 **
704 180061734 * 180336.86 -1734004 -4 -1 -4 -1 011.897402.1862
709 180151608 1804 28.28 -160752.3 -8 0 -10 0 013.250802.7102
727 180810338 * 181049.48 -033814.2 -6 0
731 18091+0855* 181156.55 -085446.1 -4 -3 -3 -3 020.4676-04.5958 i
730 180932437 * 181216.13 -2436429 -6 -2 -5 -1 006.715202.9972
743 181070710 1813 30.01 -070948.2 -3 -1 -4 -2 022.197505.0855
755 181520919* 181758.57 -091831.5 -20 -1 -21 -1 020.825403.0967
756 181821504 * 182106.83 -150320.0 -12 -4 -13 -2 016.116900.2903
760 181870208 * 182118.76 -020701.1 -4 -2 -3 -4 027.592305.7240
767 182012549 1823 12.28 -254758.7 -1 2
768 1821%+1712 18240554 -171111.9 -6 -1 -7 -1 014.570401.9215
784 182571052 18 28 30.97 -105048.5 3 -6 4 -2 021.456600.4911
786 182620735 182859.86 -073323.0 -5 -2 -6 -3 023.651601.5062
787 18266-1239 1829 28.74 -123753.1 8 1 9 3 019.20860.9527  **
791 182771059 1830 30.92 -1057 33.4 28 1 29 1 020.808B80.4024
793 182982111 18 32 48.56 -2109 37.6 28 1
794 182991705 183250.75 -1702485 -4 0 -4 -1 015.663803.7108 **
799 18316-2834 1834 13.78 -283221.6 -2 -2
810 183610647 18 38 50.54 -064449.6 -32 14 -34 14 025.494800.2879
826 184320149 * 184552.40 -0146425 6 0 6 0 030.714D0.4264
831 184606-0254 1848 41.97 -025025.4 -23 -10 -24 -6 030.090800.6866
835 184751428 18502290 -142430.7 -6 -3
839 184880107 * 185126.02 -010356.0 -3 2 -6 -2 031.984400.4849
878 190691335 1909 16.61 +134027.9 -6 -3 -6 -3 047.116802.3242
884 190841006 * 1911 10.00 +101143.7 -30 -14 -28 -8 044.2404-00.3090
892 191220230 191454.84 -022528.8 -7 -2

Note: * tentative 2MASS identification; ** shows optical countarp
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The objects with tentative identification have been labeligd circle in each of the available frames. In those cases where a
an asterisk. opticalnear-infrared counterpart was not found the circle was
All the objects without an identified 2MASS counterpar@irawn at the position where the source should be located ac-
but with an MSX one are given in Tabl@ 4. This Table incording to the best astrometric coordinates available GRA
cludes the IRAS name, the MSX coordinates, thtedénce to MSX). The complete atlas can be accessed electronically at:
the original IRAS coordinates and the associated MSX objddtpy/www.edpsciences.crg
name. Only IRAS 18479-2514 and IRAS 18195-2804 had nei-
ther an MSX nor 2MASS counterpart. For these two sourcgs
no improvement to the IRAS coordinates was possible. Their
IRAS coordinates have also been tabulated in Table 4. 4.1. Near-infrared brightness distribution
In Table[® we present the J, H and K near-infrared 2MA
magnitudes (or lower limits) for the 59 sources with a pl
sible or tentative near-infrared identification. The lovier-

its have been obtained from nearby stars with similar or evd 0 .
reater brightnesses. For the 5 objects which have beeti-ide} th‘? H band, and 37% were not detect_ed evenin th? K band.
g 9 J ! ' ! Figurel shows the J, H and K magnitude distribution of all

fied only on the 2MASS images, but have no associated entry in ) )
the 2MASS-PSC, we have obtained their photometry direcHng/e GLMP sources with near-infrared counterparts and photo
from the 2MASS ,images with the exception of IRAS 174957 etric measurements in at least one band. Most of the sources
2534 because it was stro’ngly blended. We have also meas rved have faint near-infrared counterparts with thgnna

T ) . N . m
the photometry in the K band for IRAS 17171-2955, as ti‘% € d|str|byt|c_)n p.eaklng at10" inK, ~ 12" in H and> 14
2MASS-PSC only provides a lower limit. in J. The distributions are not strongly peaked and are lglear

limited by the 2MASS sensitivity limit, especially in the ard.
As itwas discussed in Paper | for the sources in the ‘Arecibo
3.5. Search for optical counterparts sample’, the observed magnitude distribution can in ppiteci

) be attributed to three main reasons:
In order to search for the optical counterparts of those GLMP i) the different intrinsic luminosity of the sources in the

sources for which we found a near-infrared counterpartywe Eample

spected their positions on the optical images extracted fhe ii) the different apparent brightness expected from sources
DSS2 (Djorgovski et al._2001) in the red filter, which coverg .ated at a wide range of distances, and

the spectral range 6 000—7 000 A with a maximuiceency '
around 6 700 A. We used & k 1 box centered on the nomi- Compared to the magnitude distribution of the ‘Arecibo

nal 2MASS source position. sample’ (Figure5 of Paperl) peaking at6™ in K, ~ 6.5"

The majority (91%) of the objects did not show any optiy H and> 7.5™ in J, the mean near-infrared brightness of the
cal counterpart, and only 8 objects had a faint optical ceunt:g | Mp sample’ is several magnitudes fainter. The sources in
part. Based on our expectation that the sources in the ‘GLMi& ‘GLMP sample’ are not expected to be intrinsically less
sample’ would have optically thick CSE the association Wit{yminous than the ones in the ‘Arecibo sample’ (actually we
optically visible counterparts is questionable. Howeaso in - \yoyld expect the contrary, since they are suspected to-repre
the ‘Arecibo sample’ restricted to the same IRAS colour Bngent a higher mass population). Thus, unless the sources in
(F,(12um)/F,(25um) < 0.50) a similar rate of 90% was foundhe ‘GLMP sample’ are preferentially found at larger distes
without the optical counterpart. The identified countetparnan those in the ‘Arecibo sample’, the most probable explan
could be either real and possibly observed close to maximygh, for the systematic fainter brightnesses are the gremte

light, or misidentifications with reddened field stars. dhility o5 thickness of their CSEs, in comparison with the oplyca
studies of the optical counterparts would help with thein-cothinner shells of the bluer Arecibo sources.

firmation. The objects with an optical counterpart have been
labeled in Tablgl3.

Near-infrared properties

asﬁm typical near-infrared counterpart of objects from the
L"GLMP sample’ is very red (H-K2). 75% of the GLMP
gurces were not detected in the J-band, 66% were not dettecte

iii) the differences in optical thickness of the CSEs.

4.2. Near infrared colours

3.6. The atlas of optical and near-infrared The near-infrared colours of the ‘GLMP sample’ are shown as
a JHvs. H-K colour-colour diagram in Figurgl 8. Included
are all sources belonging to both the ‘red subsample’ (ftlied
The results of the identifications are displayed as an aflasamgles) and the ‘blue subsample’ (filled squares) with adtlea
finding charts. An example of the atlas images is given infrig.data available in the H and K bands. For objects not detected
For each source of the ‘GLMP sample’ a chart was put tot J, lower limits for the 3H colours were calculated and these
gether as a mosaic of 4 images containing the optical image indicated by horizontal arrows. The objects with dedblen
taken from the DSS2 in the upper left panel, and the J, H aimgj problems have not been included. For comparison, we have
K images from the 2MASS in the upper right, lower left andlso plotted the colours of the sources in the ‘Arecibo sampl
lower right panels, respectively. The size of the field shawn  In general, the ‘GLMP sample’ follows the correlation
each band is 46 4.6. For each source we marked the pashown by the more standard @R stars of the ‘Arecibo sam-
sition of the proposed optigalear infrared counterpart with aple’, although the two subsamples are also clearly sephrate

counterparts
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Table 4. MSX counterparts of oxygen-rich AGB stars in the ‘GLMP saeiplvithout near-infrared counterparts identified.

MSX IRAS-MSX
GLMP IRAS Coordinates Aa A6 MSX6C_G
(J2000) [ [
239 09024-5019 0904 03.3 -503132 0 4  270.74242.4384
410 151985625 1523 42.7 -56 3608 1 1 322.77290.2860
418 1532%#5400 1536359 -541029 -5 1 325.657801.2432
465 162365332 1627 39.3 -533904 -13 2 331.658%03.3024
519 170553753 17 08 57.3 -3756 50 6 0 348.267301.3225
536 171283528 1716129 -353212 -1 0 351.072501.5639

555 1720%#3632 1724 07.4 -3635 39 5 -3 351.1189-00.3517
566 1725312821 1728 18.5 -282357 3 -4 358.414003.4923
577 172922727 17 3223.4 -2729 58 4 -3 359.6629-03.2315

585 173232424 173526.0 -242632 -6 2 002.611204.3084
602 173612358 173915.0 -235955 3 -3 003.4525-03.8089
603 1736#2722 1739524 -272332 -4 -4 000.646#01.8893
605 17368-3515 1740129 -351641 2 -3 354.0018-02.3600
624 174113154 1744240 -315540 -17 1 357.310801.3371
629 174182713 1744588 -271443 -1 -2 001.3696-01.0025
664 175212938 175521.8 -293913 0 1 000.472@02.1918
673 175453056 1757 48.4 -3056 25 0 -2 359.621203.2926
692 17584-3147 1801418 -314756 -4 -2 359.284204.4385
699 18006-2835 180313.0 -283543 -29 2 002.2442-03.1547
705 180071841 180339.0 -184110 21 4 010.92501.6294
712 180193121 180512.1 -312145 -1 2 000.031304.8783
717 18046-2726 1807 09.0 -272552 -5 -4 003.6866-03.3459
718 180406-2953 180718.3 -295310 -9 -3 001.547804.5617
732 180922347 181220.5 -234657 -17 -3 007.4526:02.6149
733 180922508 1812219 -250721 -4 -1 006.276503.2604
740 18106-1915 181303.2 -191419 -6 -1 011.521800.5826
763 181952804 * 182240.2 -280308

765 181981249 1822431 -124742 -12 -2 018.295500.4291
783 182571000 182831.0 -095815 -35 -3 020.6796-00.0841
788 182681117 182935.6 -111554 3 0 020.43280.3439
811 1836%0036 18 3845.1 -0033 22 2 1 030.989202.5686
837 18479-2514* 185100.9 -251106

843 18518-0558 1854174 +060234 -1 -2 038.6366-02.1198
888 191121220 1913374 +122538 -16 -8 046.499200.8092

916 192541724 192741.1 +173036 1 -1 052.581400.2014

Note: * IRAS coordinates.

in this diagram. The distribution of the ‘red subsample’ds r H-band is however biased by a nearby star that probably has
stricted at the red end by the limited sensitivity of 2MASS;, e contaminated the background estimation. This makes its nea
pecially in the J band. Extrapolating the correlation betmve infrared colours unreliable. Except for IRAS 18299705, the

the colours, the reddest object (IRAS 11438-6330) with Hiear-infrared colours of the ‘red subsample’ thereforeaims-

K =5.91 should have an expected colour X8well beyond rate the results obtained from the ‘Arecibo sample’ thaioihe

the limit of J-H ~ 4.5 following from Figurd’B. jects with optically thicker CSEs reveal themselves in the f

In Paper | we have shown that on average the redder an 't;[j[al’ed as well as in the near-infrared by their redderedo
jectis in the far-infrared, the redder is its near-infratcednter-
part (see F_igure8 of Paper !). Thg A_re_cibo sources with IRA;§3. IRAS 18299 1705 a post-AGB candidate?
colours satisfying the selection criteria imposed for tBeMP
sample’ (filled circles in Figl8) are all located in the redtpalRAS 18299~ 1705 (J-Hx 1.7; H-K~ 1.3; K=5.31) is located
of the near-infrared colour-colour distribution. Actyalthe to the left of the dividing line in FigurEl2 and is thereforetpa
near-infrared colours of the GLMP sources overlap with thaf the ‘red subsample’. However, in theld vs. H-K diagram
red end of the Arecibo-Hvs. H-K colour-colour distribu- it has very blue colours, fierent from the rest of the ‘red sub-
tion. There are two outliers: IRAS 182991705, which is dis- sample’, and it has the brightest near-infrared countégbéne
cussed below, and IRAS 17171-2955, with H+R.5 and J- ‘GLMP sample’. Instead of the typical double-peaked maser
H~1.0. The 2MASS photometry of this source in the J- angrofile of regular OMR stars, this source shows a single peak
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Table5. 2MASS JHK band photometry of the oxygen-rich AGB stars of GBeMP sample’

Note: * The accuracy of the photometry isfected by deblending problems acording to 2MASS cataloguPhbtometry obtained from the

2MASS images.

IRAS 2MASS photometry [mag]

J H K
08425-5116  13.79+ 0.03 12.19+ 0.03 10.83£ 0.02
11438-6330 > 17 14.96+ 0.09 9.05+ 0.02
12158-6443 12.77 0.02 10.96+ 0.02 9.77+ 0.02
12358-6323 >14—— >13 —— 12.06+ 0.04
142476148 13.34+0.03 10.27+ 0.02 8.12+ 0.02
14562-5637 15.20+ 0.07 *13.73 *13.20 ——
15471+4634 > 16 —— 15.60+ 0.16 11.95+ 0.03
15514-5323 15.11+ 0.04 11.62+ 0.03 10.04+ 0.02
16040-4708 15.874 0.09 14.18+ 0.09 12.75: 0.04
16219-4823 > 15— >14 —— 11.33+ 0.04
16582-3059 > 17 —— >16 —— 13.56+ 0.05
17004-4119 15.89: 0.10 13.23+ 0.05 *11.52 ——
17036-3053 > 17 —— >16 —— 12.50+ 0.03
1710743330 >16—— 13.86+ 0.05 10.10+ 0.03
171533642 > 13 *»* 125+ 0.5 *11.5+0.5
171712955 14.71+0.08 13.68+ 0.09 **11.2+0.1
17242-3859 > 13 >12 —— 11.70+ 0.04
17276-2846 10.89: 0.04 *9.47 ——— *8.79
17316-3523 > 16 —— >14 —— 13.01+ 0.06
173173331 >16— >14 —— 10.24+ 0.03
173413529 14.62+ 0.06 11.28+ 0.03 9.06+ 0.02
173506-2413 > 14— >13—— 11.01+ 0.03
173513429 >14—— > 13 —— 11.98+ 0.04
17367~3633 >14 —— > 13 —— 12.52+ 0.03
17392-3020 14.02+ 0.06 11.60+ 0.05 *9.12 ——
174171630 > 17 —— 14.32+ 0.04 10.41+ 0.02
17428-2438 > 15— > 15 ** 14,4+ 0.2
174674256 > 17 —— 15.07+ 0.08 11.35+ 0.02
17495-2534 > 13— > 12 >11—-
17504-3312 >15—— 12.91+ 0.02 11.26+ 0.02
17545-3317 >15—— >14 —— 12.92+ 0.07
175771519 14.41+ 0.05 12.43+ 0.03 10.38: 0.02
17583-3346 > 15—— 13.55+ 0.05 10.27+ 0.02
18006-1734 13.30: 0.04 11.79+ 0.03 10.48£ 0.03
18015-1608 > 14 12.38+ 0.04 9.39+ 0.02
180810338 12.41+0.03 10.55+ 0.03 9.32+ 0.02
180910855 14.37%0.04 13.50+ 0.04 12.48: 0.03
180912437 > 15 > 15 ** 14.36+ 0.08
181070710 15.60+ 0.08 11.07+ 0.03 7.87+ 0.02
18152-0919 >16—— >15—— 14.00+ 0.08
18182-1504 > 15 **13.70+ 0.07 **12.38+ 0.04
181870208 13.61+ 0.03 12.00+ 0.02 10.78£ 0.02
182012549 15.39: 0.06 11.25+ 0.03 8.28+ 0.02
1821+1712 > 12— 11.94+ 0.11 8.80+ 0.09
182571052 11.70+0.03 8.82+ 0.04 7.47+ 0.03
18262-0735 >16—— 12.34+ 0.03 8.70+ 0.02
18266-1239 14.05+ 0.02 12.74+ 0.03 11.07+ 0.02
182771059 >16—— >14 —— 9.76+ 0.03
18298-2111 > 16 —— 15.28+ 0.09 10.59+ 0.02
18299-1705 8.23+ 0.02 6.56+ 0.03 5.31+ 0.02
18316-2834 > 16 —— >15—— 11.77+ 0.03
183610647 >16—— >15—— 11.36+ 0.03
18432-0149 > 16— >15——- 13.60+ 0.05
18460-0254 > 17 —— >15—— 14.26+ 0.09
18475-1428 11.52+ 0.02 8.55+ 0.04 6.52+ 0.02
18488-0107 > 16— > 13 —— 13.05+ 0.06
19069+1335 > 17 —— >16 —— 14.18+ 0.08
19087#1006 > 17 —— >15—— 14.10+ 0.08
19122-0230 12.94+ 0.03 10.11+ 0.03 8.12+ 0.03
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Fig.6. Atlas images for IRAS 18201-2549. The upper panel shows piiead DSS2 R band (left) and the 2MASS J band
(right) images, and the lower panel shows the H-band (lef) k-band (right) images. The adopted counterpart is indicay
a circle.

1612 MHz OH maser (te Lintel Hekkdri 1991). Its LRS specshells among the AGB stars with very red IRAS colours, as
trum does not show the very strong gn7 absorption feature suggested by Lewis et al._(2004). Photometric monitoring is
characteristic of optically thick CSEs, but a red continuwithh  required to confirm the variability of IRAS 182991705 in-
either a weak 9 m absorption feature or the 1148 PAH fea- ferred by the IRAS variability index (VAR74), which may
ture in emission (Kwok et al._ 1997). This source is therefomntradict its post-AGB classifcation.

peculiar.

Lewis et al. [2004) analysed the 2MASS counterparts gfy The nature of the blue counterpart candidates
a third of the ‘Arecibo sample’ of OHR stars. They claimed

that most of the Arecibo sources with red far-infrared (f12]The ‘blue subsample’ is outstanding in the H—-K vs. K (fElg. 2)
[25]2 0.0) colour presented blue near-infrared colours in thg well as in the-dH vs. H-K diagram (Fig[B). Their blue near-
J-Kvs. H-K diagram, similar to those of our ‘blue subsampléfrared colours are incompatible with the high opticatkhi
They interpreted these colours as the result of a drastiedee ness of their CSEs as inferred from their IRAS colours. The
of the mass-loss rates from the central star leading to ®eser only sources showing red far-infrared colours and blue-near
of the dust opacity in the near environment of the central stifrared colours are post-AGB stars, e.g. stars with a deigc
This allows the central star to reappear in the near-infrarel  shell. As post-AGB stars are no longer variable, or at mogt wi

to dominate the colours. Since these objects have strorgly §mall amplitudes (Kwok 1993), we did not expect them to be
creased their mass-loss rate, the authors inferred thee 8 part of the ‘GLMP sample’.

Jects have detached shells. The case of IRAS 18299 1705 shows however that the
IRAS 18299- 1705 is a good case for an AGB star witHRAS variability index might not be a reliable selectionteri

a detached shell, and may have developed into the post-AG@h to reject post-AGB stars. There might be more of them

phase. It is however a single case in our sample, and we aneong our ‘blue subsample’. The counterparts from the ‘blue

therefore not able to confirm the high incidence of detachedbsample’ dfer however from IRAS 18299 1705 by their
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Fig.7. J-band dotted line), H-band ¢lashed line), and K band folid line) magnitude distribution of the sources included in the
‘GLMP sample’.

faintness (K9 mag), and because of the higher surface deculiar AGB stars, requiring confirmation of their near-anfed
sity of faint infrared sources they might be simply misidéed counterparts by further observations.
field stars. Counterpart candidates with H<KO0 were already

rejected for this reason (see Secflon3.2.2).

i 4.5, Near- and far-infrared properties
The case is less clear for the redder sources. Among the

three Arecibo sources with near-infrared colours of theiébl p way to visualize the near- and far-infrared propertieshaf t
subsample’ (see Fidl 2), two are known to have peculiagources in the GLMP sample is to study their distributiorni t
ties. One is IRAS 1845‘5)448, for which Lewis (2002) found K_[12] VS. [12]_[25] colour-colour diagram (F|gu 9) In the
that the OH maser decreased CO”tinUOUSly and flna”y diSQﬂhe part of the distribution the .|4:12] colour provides infor-
peared ovek 12years. He argues that the mass-loss rate hagtion on the relative contribution of the near-infraredsem
dropped and that the star is now leaving the AGB. The othglbn, dominated by the central star and by the hot dust sur-
is IRAS 19319-2214, which shows a peculiar OH maser prapunding it, and of the far-infrared emission, mainly cogin
file with several peaks (Lewis et dl._2004). In this case thgym the cool dust in the circumstellar shell, to the ovesptic-
star may have several OH masing shells expanding with difal energy distribution. In the red part the-KL2] colour is
ferent velocities. Among the ‘blue subsample’ is also thd wey|ly dominated by the outer cool CSE. As we have shown in
known variable OR star OH 19.2-1.0 (IRAS 18266-1239pgper |, the correlation of the-{12] with the IRAS [12}-[25]
J-H~1.3; H-K~ 1.7), showing a multiple-peak OH spectrumgolour shown by the Arecibo OFR stars could be interpreted
which has been explained by a bipolar structure of the C3k an additional indicator of the optical thickness of thE®s
(Chapman 19€8). The peculiarities of the OH masers in th%ﬁgiven source. In Figufd 9 we have plotted the GLMP/IBH
three stars may indicate that their mass-loss processvi@ss- stars together with those of the ‘Arecibo sample’. For those
loss rate or geometry of the outflow) is currently experiengpurces with no photometric measurement in K, upper limits
ing fast changes, which might be responsible for the redbtiv \were converted to lower limits in the-{12] colour. K-[12]
blue colours of their near-infrared counterparts. Thedltgses colour was taken as2.5 Iog%f)), adopting a zero-magnitude
show that the faint counterparts with H=KL cannot be all fiyx in the K-band of 667 Jy ‘(Cohen et BL_2003).

misidentifications. Instead, the deviating near-infrazetburs - . .
may point to AGB stars in which the mass loss rates have r The scatter in Figd9 is mostly attributed to the expected

cently varied drastically over time intervals comparabléhte s?rong var|ab|I|_ty of the sources a nd the non—contemquase
d . . : near- and far-infrared observations. The expected digpers
ynamical time scale of their shells.

due to variability is indicated by the dashed lines (see Pape
We conclude therefore that the nine remaining objects frain Variability is however not able to explain fully the stet
the ‘blue subsample’ are a mixture of misidentificationsped seen in Fig[P. For example, at [1JR5] ~ 0.8 the range in
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Fig.8. Near-infrared J-H vs. H—K colour-colour diagram of the segrbelonging to both the ‘red subsample’ (filled triangles)
and the ‘blue subsample’ (filled squares) with H- and K-baatkdtions (N= 32). For comparison, the near-infrared colours
of the sources in the ‘Arecibo sample’ are also shown (opesies; filled circles for objects in common). J-H lower limit
are indicated by horizontal arrows. The location of blacdklies of diferent temperatures and the reddening corresponding to
Ay =10™ are also indicated.

K-[12] colour is~ 10 mag, which is approximately twice the5. Conclusions
range expected due to variability.

In general, the ‘GLMP sample’ of O#R stars confirms the
colour trend shown by the ‘Arecibo sample’ of @R stars.

We have presented an atlas of opticabr-infrared finding
charts and near-infrared photometric data for 94/iBHstars

Using both samples we have fitted an exponential functiontfﬂ(en from the GLMP catalogue, considered to be an exten-

the observational data, weighting each data point accgiigin sion toward redder colours and thicker shells of the sources
the associated errors in each colour and omitting the lawwer | |p_the Argmbo sgmple - For 59 sources we successfully iden
its. We obtained the following equation: tified their near-infrared counterparts in the 2MASS-PS@ an

determined new positions with an accuracydf.2’. The iden-
K-[12]=3.44 8012129 —1.74 tifications were possible in many cases with the help of im-
This equation represents a parametrization of the coldurgasoved positional information taken from the MSX6C (accu-
the ‘O-rich AGB sequence’, and has been plotted in Fifllirergcy ~ 1.8’) as an intermediate step, and confirmed through
with a solid line. the analysis of their near- and far-infrared colours. Farub
In general, the position of the GLMP QIR stars in the a third of the sample (N34 sources) no near-infrared counter-
K-[12]vs. [12}-[25] colour-colour diagram is an extension topart could be found even at .. These stars most likely have
ward redder colours of the sequence of colours associatad Wihe CSEs with the highest obscuration achieved by AGB stars.
the Arecibo sources. The ‘blue’ and the ‘red subsample’ de- As expected by the selection criteria, the near- and far-
fined in the near-infrared cannot be distinguished in thés diinfrared properties of most of the identified GLMP sources ar
gram. The large scatter of thedKL2] colours inhibits its use as similar to those of the redder objects in the ‘Arecibo sarnple
an identification criterion of near-infrared counterparts analyzed in Paperl. Some near-infrared counterparts sthowe
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[12]-]25]

Fig.9. K-[12]vs.[12}-[25] colour-colour diagram of all GLMP stars with K band pbotetry (filled triangles; filled squares
for those belonging the ‘blue subsample’) together wittsthof the ‘Arecibo sample’ (open circles; filled circles fdajects in
common). Upper limits in K were converted to lower limits ir-KL.2] colour (arrows). The continuous line corresponds t® th
best fit to the observed data (see text). The dashed linesspamnd to the dispersion expected from the variability efdburces
in the K and at 12m band.

surprisingly blue colours. Among them is IRAS 18299705, Acknowledgements. This work has been supported by the
which has also the brightest 2MASS counterpart. This sourSpanish Ministerio de Ciencia y Tecnologia through trayeints
likely has a detached shell and might be a post-AGB star. TH&A2003-09499). This research has made use of the SIMBAD
other counterparts with blue colours are a mixture of misidedatabase, operated at CDS, Strasbourg, France. We ackiya/déso
tifications with field stars and peculiar case, in which theebl te uje of thehD'g'f('nghSK)c’j S_lf"l"ey' baserhonUp:?%tografzh?;h
colours might be due to a recent strong decrease of the mAaLEd using the chmidt Telescope. The chmidt Telesc
. . Wa? operated by the Royal Observatory Edinburgh, with fuméliom
loss rate leading to a corresponding decrease of the optica . . . : )
hick ftheir ci I hell thé UK Science and Engineering Research Council, until 108,
thickness of their circumstellar shells. and thereafter by the Anglo-Australian Observatory. @iagjiplate
The high fraction of GLMP sources still unidentified in thenaterial is copyright (c) of the Royal Observatory Edinthuegd the
near-infrared and the near- and far-infrared colours ofitlae Anglo-Australian Observatory. The plates were processed the
jority of the sources identified in the 2MASS confirm theipresent compressed digital form with their permission. Digitized
classification as oxygen-rich AGB stars highly obscured 8Ky Survey was produced at the Space Telescope Scienceitasti
optically thick CSEs. They belong to the same population ypder US Government grant NAG W—21§6. This publlcatlon. nsake
heavily reddened AGB stars, as the reddes{I@Htars in the also use of data products from the Two Micron All Sky Survelyich

‘Arecibo sample’, although not in all of them has OH masq'f a joint project of the l_vaersny 9f Mf.issaCh.usetts anditfigared
. rocessing and Analysis Cerf@alifornia Institute of Technology,
emission been detected yet.

funded by the National Aeronautics and Space Administnatind
The observational results presented here, together with National Science Foundation.

those already included in Paper |, will be discussed in Hietai

a broader astrophysical context in a future paper of thieser
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