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Abstract. We present a study of known OH/IR stars in the inner bulge, observed by the ISOGAL survey
at A = 6.8 um and A\ = 14.9 pm. Bolometric corrections and luminosities are computed, based on near and
mid-infrared data. The vast majority of the sources exhibit mass-loss rates in the range: 3 x 1077 up to a few
times 10™° Mg /year. The bolometric magnitude distribution peaks at My, = —5.0. There is no clear evidence
that the luminosity is related to the expansion velocity of the envelope for the sample in the bulge observed
by ISOGAL. We find that the bulge OH/IR stars do not follow a period-luminosity (PL) law and that they are
systematically less luminous than the OH/IR extension of the PL relationship for Miras.
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1. Introduction

The galactic bulge, especially the region near the Galactic
Centre, has been scanned in search of OH1612 MHz
maser sources at high spatial resolution by various authors
(Lindqvist et al. 1992a; Sevenster et al. 1997; Sjouwerman
et al. 1998), using the VLA and the ATCA. On the other
hand, the advent of high-quality infrared data obtained
by ISOGAL (Omont et al. 2002; Omont et al. 1999a,b,c;
Pérault et al. 1996) has permitted the identification of a
great number of sources not previously observed in the
mid-infrared range. The ISOGAL wavelengths at about 7
and 15 pm are especially suited for this purpose because:
(i) they are little affected by interstellar extinction; (%) the
maximum of the spectral energy distribution of AGB stars
with large mass-loss rates is situated in this wavelength
range; (iii) the fields are not severely contaminated by
foreground stars.
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The ISOGAL data permit one to address key ques-
tions about the inner bulge OH/IR population, especially
whether OH/IR stars in the bulge are the same as those
in other parts of the Galaxy concerning their masses, lu-
minosities and mass-loss rates.

In this work we present an infrared study of a sample
of OH/IR stars compiled from the catalogues of Lindqvist
et al. (1992a), Sevenster et al. (1997), and Sjouwerman
et al. (1998), located in selected fields observed by the
ISOGAL survey in the close vicinity of the Galactic
Centre. In Sect. 2 we give a brief description of the main
characteristics of the ISOGAL survey and the observa-
tions; in Sect. 3 we discuss the characteristics of the cir-
cumstellar envelopes; in Sect. 4 bolometric corrections and
luminosities are presented; in Sect. 5 we discuss the exis-
tence of two distinct populations of OH/IR stars; Sect. 6
shows the use of the K —[14.9] colour index as an indicator
of mass-loss; in Sect. 7 the period-luminosity relationship
for bulge OH/IR stars is discussed; Sect. 8 is devoted to
peculiar objects.

2. ISOGAL observations

General characteristics of the ISOGAL survey have been
described extensively by others (Omont et al. 2002;
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Schuller et al. 2002; Omont et al. 1999a,b,c; Pérault et al.
1996) and are just briefly discussed in this section.

ISOGAL observations selected for this study are those
close to the Galactic Centre, obtained by using the narrow-
band filters LW5 (Aot = 6.8 pm, FWHM = 0.5 pm)
and LW9 (A\jef = 14.9 pum, FWHM = 2 pm). Reduction
of the data was carried out similarly as described by
Schuller et al. (2002), Glass et al. (1999) and Omont
et al. (1999c). After reduction, the frames were in units
of ADU/gain/sec, which in turn were converted into flux
density using the following relationships:

F(mJy) = (ADU/gain/sec)/0.35 (1)

for LW5 and

F(mJy) = (ADU/gain/sec)/0.65 (2)
for LW9 (Blommaert 1998), which are conversion factors
assuming a v X f(v) = constant spectral shape. Colour-
corrections for the narrow LW5 and LW9 filters amount
to less than 1 percent for spectral index in the range —3.0
to +3.0 and have not been applied in the present study.
The zero-magnitude fluxes for LW5 and LW9 are 81.8
and 17.7 Jansky respectively.

Table 1 summarizes the log-book of the observations.
Cross-identification of OH sources observed by VLA pro-
vides an opportunity to check out the astrometry accu-
racies of infrared and radio observations. ISOGAL as-
trometry has been calibrated by cross-correlation with
the DENIS survey (Simon et al. 2002; Epchtein et al.
1997), which in turn has its astrometry calculated from
the USNO-A2 catalogue (Monet et al. 1998). The accu-
racy of the astrometry varies from field to field, and de-
pends on several factors, mainly on the source density
in the field, but in all cases is better than 2 arcsec. On
the other hand, despite the fact that interferometric ra-
dio observations can provide relative positional accuracies
to a fraction of an arc second, the absolute positions are
not expected to be accurate at the one arc second level
(Sjouwerman et al. 1998). A closer inspection of Table 2
of Sjouwerman et al. reveals systematic deviations be-
tween the three configurations arrays used, a, b (VLA),
and ¢ (ATCA). We have determined the offsets of these
configurations relative to the astrometry of Lindqvist et al.
(1992a), by comparing positions of the sources observed
by both authors. Figure 1 shows the offsets found for each
configuration. Sjouwerman’s astrometry used in this pa-
per has been corrected applying the following corrections:
Ocorr = asj — of f(a) and deorr = dgj — 0f f(J), where
of f(a) equals to 0.5, 0.5 and 1.6 arcsec for a, b and ¢
configurations and of f(0) are 4.2, 1.7 and —0.3 arcsec,
respectively. It is also important to mention that posi-
tional discrepancies up to several arcseconds are reported
in a few cases, even after after applying these corrections,
as can be seen in Fig. 1.

The identification of ISOGAL counterparts of
OH sources has been based essentially on the position cri-
terion. A search for ISOGAL counterparts has been made

R. Ortiz et al.: OH/IR stars in the inner bulge detected by ISOGAL

in the [LW9] band, inside a 10” radius around the radio
position of double-peaked OH sources. Misidentifications
are unlikely to occur, because OH/IR stars are very
bright in the mid-infrared and can be easily distinguished
from normal field stars. Generally, for each ISOGAL field
many OH/IR stars have been identified, based on their
VLA-radio position (e.g. 39 OH/IR stars identified in the
TDT-82700140 observation, see Table 1).

Among the 114 OH sources searched, only 4 sources
were left without a counterpart in the [LW9] and/or [LW5]
band. Two of them, Li052 (OH 359.880-0.087) and Sj019
(OH 359.875-0.091), are separated by only ~20”. The
OH spectra, double peaked in both cases, and with differ-
ent central velocities, —24.4 and 19 kms™!, suggest that
those OH emissions belong to two separate OH/IR stars.

Sj019 is probably accidentally detected as HoO maser
H,0 359.89-0.07 by Lindqvist et al. (1990), at a veloc-
ity of 29 kms~! which is consistent with the OH maser
velocity. Thus Sj019 is expected to be a star.

Li52 (OH 359.880-0.087) was monitored by
van Langevelde et al. (1993) who find the period of
759 days. Blommaert et al. (1998) find a very faint
near-infrared counterpart for this OH source, showing
K = 18.67 and Lot = 14.48, which is by far the faintest
object in the Lgport band (A = 3.45 pm) in their sample.
The inspection of the images at 6.8 and 14.9 um reveals
the presence of a dark cloud in the same direction.

Sj069 (OH 0.005+0.360) was detected at 1612 MHz
with the VLA by Sjouwerman et al. (1998). Its spec-
trum shows a single peak at the velocity of ~71.2 kms~1.
Possibly the OH emission is of interstellar origin.

Sj102 (OH 0.317-0.066) (Sjouwerman et al., op. cit.) is
moderately bright at 1612 MHz and it is double-peaked
as well, showing Vexp = 13.1 km s~!. It was detected by
ISOGAL at A = 6.8 pm, but not at 14.9 pm. The inspec-
tion of the images at 6.8 and 14.9 pum reveals the presence
of extended emission at the position of Sj102. The faint
source extracted at 6.8 pm might well be a background
fluctuation and not a real point source.

3. Circumstellar envelopes detected by ISOGAL

Table 2 lists the ISOGAL detections and the photom-
etry. The ordering refers to the original paper where
the OH source was taken from. When there are several
ISOGAL observations with the same filter (LW5 or LW9),
the average of the ISOGAL magnitudes in that filter is
given.

Figure 2 shows a map of ISOGAL counterparts of the
OH sources. Sources observed by Blommaert et al. (1998)
as well as the ones monitored by Wood et al. (1998) are
shown. The region very near the Galactic Centre was not
observed in the ISOGAL survey to avoid saturation of the
ISOCAM detector (Césarsky et al. 1996).

Figure 3 shows the [LW5] vs. [LW5]—[LW9] colour-
magnitude diagram for all OH/IR sources detected in
these two bands, together with the other infrared sources
from the selected fields (not identified as OH/IR stars).
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Table 1. ISOGAL Fields in which counterparts of the OH maser sources have been found. The TDT names are the usual
basic reference to individual ISO observations. The names of the fields are the coordinates of its center; Al and Ab are the
approximate semi-widths of the fields; and N is the number of counterparts found in the field.

LW5 (X = 6.8 yum) band

LW9 (A = 14.9 pm) band

Field # TDT name Al(°) Ab(°) Obs. Date TDT name Al(°) Ab(°) Obs. Date N
—-01.12-00.33 1 - - - - 31300313 0.31 0.19 24-Sep.-1996 1
—00.90 - 00.03 2 31300837 0.30 0.17 25-Sep.-1996 83800857 0.20 0.17  02-Mar.-1998 4
—-00.81 - 00.15 3 - - - - 84300221 0.18 0.07 07-Mar.-1998 1
—00.81 - 00.15 4 - - - - 49101221 0.18 0.07 21-Mar.-1997 1
—00.62 —00.06 5 31300236 0.16 0.17 24-Sep.-1996 83600308 0.11 0.17 28-Feb.-1998 4
—00.34 +00.18 6 - - - - 31300901 0.39 0.09 25-Sep.-1996 14
—-00.27 -00.03 7 - - - - 83801051 0.03 0.08 02-Mar.-1998 3
—00.27 - 00.03 8 31300135 0.16 0.17 24-Sep.-1996 82700140 0.16 0.17 19-Feb.-1998 39
+00.00 +01.00 9 83600419 0.15 0.06 28-Feb.-1998 83600524 0.15 0.06 28-Feb.-1998 1
+00.04 +-00.40 10 - - - - 13600318 0.40 0.13 01-Apr.-1996 4
+00.05 —00.24 11 83600855 0.16 0.13 28-Feb.-1998 83600856 0.16 0.13 28-Feb.-1998 15
+00.34 — 00.05 12 31300734 0.14 0.15 25-Sep.-1996 82800341 0.13 0.15 20-Feb.-1998 18
+00.37 4+ 00.17 13 84100143 0.30 0.09  05-Mar.-1998 13600503 0.30 0.09 01-Apr.-1996 9
+00.59 4+ 00.02 14 31300433 0.14 0.15 24-Sep.-1996 83800712 0.13 0.09 02-Mar.-1998 2
+00.62 — 00.14 15 31300433 0.14 0.15 24-Sep.-1996 84100259 0.12 0.07  05-Mar.-1998 4
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Fig. 1. Astrometric deviations: Sjouwerman — Lindquist coor-
dinates. The offsets for a, b (VLA), and ¢ (ATCA) configura-
tions are shown. See Sjouwerman et al. (1998) for a description
of the a and b modes.

The OH/IR stars occupy the upper part of the diagram,
showing luminosities higher than most field sources. An
upper limit of luminosity is well defined, at [LW5] ~3.0.
Above it, four objects are separated by a gap, which are
either foreground objects or intrinsically very luminous.
They are discussed in Sect. 8.

In the same diagram we plot the results of a model of
circumstellar dust shell developed by Groenewegen (1993).
The models assume L = 5000 Lo (Mpol = —4.5), distance
of 7.9 kpc and the dust-to-gas ratio of 1/200. The dust

Fig. 2. Map of OH sources in the bulge: ISOGAL detections in
two bands (crosses); sources detected by ISOGAL and observed
by Blommaert et al. (1998) (open squares); sources detected by
ISOGAL and monitored by Wood et al. (1998) (filled squares).
The rectangles show the limits of the ISOGAL fields searched,
listed in Table 1.

opacity assumed is that of David & Papoular (1990, 1992),
but with the 9.8 pym feature artificially removed and with
Ty = 18.6 X T19.2. The removal of the silicate feature is not
important in this study, since it is out of range of the [LW5]
and [LW9] filters. Sequences of increasing mass-loss rates
are displayed for M5IIT and MSIII spectral types in the
mass-loss range 1078 ~ 107> M, /year (see Sect. 6).
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Table 2. ISOGAL counterparts of double-peaked OH sources at A = 6.8 and 14.9 pum. The ordering refers to the original paper
where the OH source was taken from. Field # ’s are listed in Table 1. Peculiar OH spectra are denoted by pec. OH in the last
column. The references for periods and bolometric magnitudes in the two last columns are: A = Wood et al. (WHMc, 1998);
O = van Langevelde et al. (1993), and < = Jones et al. (1994). Peculiar objects concerning photometry (very red, bright or

faint) are discussed in Sect. 8.

Name OH name ISOGAL PJ [LW5] [LW9]  Field # P(days) Comments
Li001  OH 359.3604+0.084  174345.5-292619 4.06 2.14 5

Li002  OH 359.388+0.066  174354.2-292523 4.48 1.80 5

Li003  OH 359.429+0.035  174406.9-292417 7.26 3.08 5 very red source, pec.OH
Li004  OH 359.437-0.051 174428.3-292635 6.53 4.24 5 faint object
Li009 OH 359.508+0.179  174344.8-291544 non-obs  2.86 6 644N

Li010 OH 359.513+0.174  174346.8-291538 non-obs  3.59 6 461A

Li012  OH 359.576-0.091 174457.8-292042 4.66 2.45 8 672N

Li014  OH 359.598+0.000  174439.7-291645 4.50 2.35 8 664A

Li016  OH 359.634-0.195 174530.5-292059 4.98 3.09 8 501A

Li017  OH 359.636-0.108 174510.5-291811 3.98 1.80 8 847N

Li018  OH 359.640-0.084 174505.3-291713 4.21 2.73 8 546/

Li019  OH 359.652-0.131 174518.1-291804 5.91 4.32 8 671N

Li020 OH 359.669-0.019 174454.2-291344 4.89 3.23 8 481A

Li021  OH 359.675+0.069  174434.4-291038 4.05 1.76 8 698A pec.OH

Li022 OH 359.678-0.024 174456.9-291325 3.14 2.06 8 645 Mypor = —6.170
Li023  OH 359.681-0.095 174514.0-291527 347 1.59 8 759/

Li024  OH 359.684-0.104 174516.5-291537 4.60 3.48 8 535A

Li025 OH 359.711-0.100 174519.4-291405 4.08 2.05 7,8 686

Li026  OH 359.716-0.070 174513.0-291254 3.49 2.64 7,8 691A

Li027  OH 359.719+0.025  174451.3-290945 4.44 2.86 7,8 669A

Li029 OH 359.746+0.134  174429.5-290458 5.48 3.69 6,8 395¢ Myl = —4.90$
Li030 OH 359.748+0.274  174357.1-290028 non-obs  3.17 10 437A

Li0o31  OH 359.755+0.061  174448.0-290649 5.03 2.85 8 No period®

Li032  OH 359.760+0.072  174446.0-290613 3.17 2.37 8 676/

Li033  OH 359.762+0.120  174435.0-290435 1.74 0.27 6,8 7580 bright IR source
Li034  OH 359.763-0.042 174513.1-290936 4.29 2.83 8 453A

Li035 OH 359.765+0.082  174444.5-290538 3.57 2.05 8 552/

Li037  OH 359.776-0.120 174533.3-291123 5.34 3.81 8 No period$)  Mypo = —3.400
Li038  OH 359.778+0.010  174503.2-290712 4.83 3.53 8 557TA

Li040 OH 359.799-0.090 174529.5-290916 4.87 3.06 8 610 Myl = —4.80$
Li041  OH 359.800+0.165 174430.2-290114 non-obs 2.86 6 461A

Lio42  OH 359.803-0.021 174514.0-290656 3.35 2.23 8 838A

Li044  OH 359.810-0.070 174526.4-290804 4.63 2.69 8 640 Myol = —5.35$
Lio45 OH 359.814-0.162 174548.5-291045 4.90 3.52 8 554 A

Li046  OH 359.825+0.153  174436.5-290019 non-obs 2.03 6 493N

Li047  OH 359.825-0.024 174517.9-290553 4.19 2.91 8 650 Myl = —5.80$
Li048  OH 359.837+0.030  174507.0-290334 4.86 2.73 8 4024

Li0o50  OH 359.855-0.078 174534.8-290602 3.56 2.55 8 617A

Li054 OH 359.889+0.361  174357.0-285030 non-obs  3.20 10 389A

Li055  OH 359.890+0.155  174445.0-285657 non-obs  3.04 6 568A No period®
Li056  OH 359.899+0.222  174431.0-285424 non-obs 1.47 6 No periodQ

Li064 OH 359.943+0.260 174428.2-285055 mnon-obs  2.09 6 692A

Li070 OH 359.971-0.119 174601.1-290124 2.30 0.68 11 13910 bright IR source
Lio71  OH 359.974+0.162  174455.7-285227 non-obs  3.12 6 636A,7120

Li074  OH 359.966-0.144 174610.4-290043 4.18 2.18 11

Li076  OH 0.001+40.352 174415.0-284505 non-obs  2.04 10 47T

Li078  OH 0.018+40.156 174503.3-285022 non-obs  5.70 6 423/

Li079  OH 0.019+40.345 174419.3-284421  non-obs 1.52 10 701N

Li0o80  OH 0.036-0.182 174624.8-290002 4.72 2.89 11 660A

Liog85  OH 0.071-0.205 174635.6-285901 4.26 2.35 11 7705 Mol = —4.90$
Li086  OH 0.076+40.146 174513.9-2847743 3.43 1.52 13 6390 Myl = —5.73$
Li087  OH 0.079-0.114 174615.4-285542 3.24 1.64 11 7005 Mo = —5.05%
Li091  OH 0.129+0.103 174531.5-284622 4.87 3.69 13 480< Mol = —5.15$
Li094 OH 0.138-0.136 174628.8-285319 4.54 2.73 11 622/

Li096 OH 0.173+0.211 174512.5-284044 4.68 1.45 13 514/ very red source
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Table 2. continued.

Name OH name ISOGAL PJ [LW5] [LW9]  Field # P(days) Comments
Lil01 OH 0.2004-0.233 174511.5-283843 3.44 1.50 13 825/

Li104 OH 0.2214-0.168 174529.1-283938 4.55 2.59 13 697/

Li105 OH 0.225-0.055 174622.2-284622 3.84 1.97 12 521/

Li106 OH 0.241-0.014 174615.0-284417 4.56 3.07 12 535/

Li107 OH 0.261-0.143 174647.9-284715 5.72 3.50 12 No period/A  faint object, pec.OH
Lil08 OH 0.265-0.078 174633.1-284500 4.89 4.04 12 595A

Li109 OH 0.2744-0.086 174556.1-283926 3.60 1.89 12,13 706

Lil10 OH 0.307-0.176 174702.2-284555 4.32 2.88 12 657A

Lil1l1  OH 0.319-0.040 174632.2-284104 4.66 1.53 12 No periodQ  very red source, pec.OH
Lil12 OH 0.333-0.137 174656.7-284322 4.84 3.17 12

Lil13 OH 0.336-0.027 174631.3-283948 4.86 3.09 12 514N

Lil14 OH 0.3494-0.053 174614.5-283639 4.28 3.29 12 669A

Lil15 OH 0.3524-0.175 174546.6-283240 3.36 1.82 13 661A

Lil16 OH 0.37940.159 174554.2-283146 3.85 1.75 13 985A

Lil17  OH 0.3954-0.008 174631.8-283540 4.56 3.11 12 461A

Li118 OH 0.430-0.027 174645.0-283502 4.70 2.49 12

Li119 OH 0.437-0.179 174721.3-283923 3.64 1.88 12 744\

Li120 OH 0.447-0.006 174642.3-283326 4.74 3.98 12 445N/

Lil21 OH 0.4524-0.046 174630.7-283131 7.03 5.77 12 339A faint object
Li122 OH 0.4534-0.026 174635.7-283208 4.30 3.55 12

Li125 OH 0.5174-0.050 174639.1-282806 5.01 4.70 14

Li126 OH 0.523-0.206 174739.8-283549 non-obs 2.20 15 1050A ISOGAL position uncertain
Li127 OH 0.536-0.130 174724.1-283243 3.48 2.12 15 669A

Li130 OH 0.589-0.108 174726.3-282920 5.73 5.30 15

Li131 OH 0.692-0.171 174755.6-282602 6.18 5.30 15

Lil32 OH 0.7134-0.084 174659.1-281658 4.06 1.67 14

Sj001  OH 359.728+4-0.193  174413.1-290403 non-obs 2.36 6

Sj002  OH 359.757-0.136  174534.4-291254 4.30 2.71 8

Sj003  OH 359.791-0.081  174526.3-290924 3.99 2.75 8

Sj004  OH 359.797-0.025  174514.3-290720 4.14 2.40 8

Sj006  OH 359.805+40.200 174422.4-285954 non-obs 2.62 6

Sj008  OH 359.830-0.070  174529.3-290704 4.40 2.96 8

Sj009  OH 359.836+4-0.119  174446.0-290051 4.28 2.85 6,8

Sj011  OH 359.838+4-0.053 174501.7-290249 4.91 3.26 8 4690

Sj013  OH 359.864+4-0.056 174504.8-290124 5.52 3.86 8

Sj014  OH 359.8644-0.068 174501.8-290055 5.22 4.01 8

Sj016  OH 359.86740.029 174511.3-290203 4.46 2.95 8

Sj018  OH 359.869-0.018  174522.8-290331 5.16 2.29 8

Sj031  OH 359.936-0.145  174602.8-290359 5.90 2.52 11 very red source
Sjo41  OH 359.947-0.294  174638.5-290803 4.66 2.73 11

Sjo47  OH 359.957-0.123  174559.9-290211 6.14 5.30 11

Sj073  OH 0.015-0.171 174619.6-290041 4.89 2.67 11

Sj075 OH 0.017-0.137 174611.7-285932 5.23 3.96 11

Sj087  OH 0.050-0.165 174623.0-285845 5.07 3.06 11

Sj090  OH 0.064-0.308 174658.5-290227 4.96 3.33 11

Sj092  OH 0.067-0.123 174615.8-285632 5.30 3.40 11

Sj100  OH 0.121-0.112 174620.7-285329 5.08 2.92 11

Sj101  OH 0.170+0.119 174533.2-284348 4.00 2.16 13

Sj102  OH 0.317-0.066 174637.7-284151 7.08 non-det 12 strong background emission
Sel26 OH 359.8574+01.00 174122.7-283146 3.62 1.55 9

Sel44 OH 359.011-00.11 174342.0-295021 4.75 2.22 2

Sel45 OH 359.149-00.04  174345.0-294101 1.97 -0.75 2 bright IR source
Sel47 OH 359.161-00.05 174349.6-294044 3.49 2.49 2

Sel51 OH 359.117-00.16  174409.9-294639 2.34 1.02 4,3,2,1 bright IR source
Sel79 OH 000.333-00.18 174707.0-284442 non-obs 3.10 12
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OH/IR stars are concentrated near the steepest part
of the curves, corresponding to mass-loss rate between
1077 ~ 107° Mg /year. The model predicts luminosi-
ties which match well with the observations, but the ob-
served colours are spread over a much wider range. This
discrepancy might be (partially) explained by variabil-
ity: sources which had photometry obtained simultane-
ously in the two bands follow the curves more closely
than those observed in different epochs. Infrared variabil-
ity at these wavelenghts has been previously reported by
Harvey et al. (1974) who monitored OH/IR stars in sev-
eral infrared bands. They studied the amplitudes of vari-
ability in several photometric bands, including a broad
band ranging from 8 to 13 um, which is close to [LW5]
and [LW9] ISOGAL bands. Their average value of the am-
plitude of the light curve at A\ ~ 10 um is 0.9, and the
range is from 0.3 up to 1.7 mag, which is approximately
the same dispersion in colour seen in Fig. 3.

A significant number of infrared sources without de-
tected OH emission, is found in the same part of the
colour-magnitude diagram as the OH/IR stars (see also
Schuller et al. 2002). Infrared sources showing colours
typical of O-rich, high mass-losing stars, but without
1612 MHz emission have been reported in the literature
as “colour mimics” by Lewis & Engels (1993). They might
amount up to 40 per cent, but this number varies accord-
ing to the place in the Galaxy, being lower towards the
bulge (Le Squeren et al. 1992; Blommaert et al. 1993).
The detection rate depends also on the observing condi-
tions: Sjouwerman et al. (1998) surveyed with more sen-
sitivity the area formerly covered by Lindqvist et al. and
found many new OH masers previously undetected, for-
merly considered as mimics. Variability of the OH emis-
sion might also play a role: it is well known that the
OH emission follows the same variability pattern as the
infrared light curve (Harvey et al. 1974), and consequently
OH/IR stars in the faint phase of the cycle might be more
difficult to detect.

We also looked for IRAS counterparts of OH/IR
stars in the inner bulge, but those data are mostly of
poor quality, due mainly to “confusion”. Only one IRAS
source which could be associated with a source of this
study (IRAS17419-2907, which coincides with Li34) has
moderate-to-good quality fluxes in the [12], [25] and [60]
bands; it is very probably a young stellar object. A few
good-quality IRAS data are considered in the discussion
of individual objects in Sect. 8.

4. Bolometric corrections and luminosities

Blommaert et al. (1998, hereafter BVLHS) obtained near-
and mid-infrared photometry of 34 sources, some of them
previously monitored by van Langevelde et al. (1993) in
the OH frequency. Wood et al. (1998, hereafter WHMc)
monitored 86 OH/IR stars in the K band and obtained
JHL photometry as well. This was mostly aimed at stars
not included in the list of targets by van Langevelde et al.
In this study, we combine the near-infrared photometry
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Fig. 3. Colour-magnitude diagram for ISOGAL OH/IR stars.
Black circles: OH/IR stars with simultaneous two-filter mea-
surements; open circles: OH/IR stars measured at different
epochs; dots: ISOGAL sources in the field —00.27 — 00.03,
shown just for comparison. The curves represent the predic-
tions of a model for circumstellar dust shells developed by
Groenewegen (1993). Mass loss ranges from 1 x 107% up to
1 x 1075 Mg /year: it increases from left to upper right and
the ticks represent steps of half a dex. Sources in this diagram
have not been corrected for extinction.

obtained by WHMc and BVLHS with that of ISOGAL.
Only two sources were observed both by WHMc¢, BVLHS
and ISOGAL. For sources observed both by WHDMec
and BVLHS we adopt WHMc photometry, since it refers
to an average K magnitude.

To obtain bolometric magnitudes My, we integrated
the flux densities over wavelength, between 1.25 um <
A < 14.9 pm, using the trapezium method and added two
extra terms: (i) F<1.25, the flux radiated at A < 1.25 pm;
(i) Fs14.9, corresponding to the flux radiated beyond
A = 14.9 pum. F.q 95 is significant only for two sources:
Li4 and Lil8, which have near-infrared colour temper-
atures of 3630 and 3330 K respectively F.q.95 is cal-
culated by fitting a blackbody to the near-infrared flux
densities. However, these temperatures are uncertain be-
cause of observations at different epochs. The inclusion of
F<149 is performed as follows: the spectral index «, de-
fined as f(v) oc vT%, between 6.8 and 14.9 pm is given by:

a=189—1.16 x ([LW5] — [LW9)). (3)

Table 2 and Fig. 3 show that [LW5] — [LIW9] ~ 2 on av-
erage, which gives a >~ —0.4. This means that the energy
distribution is still rising between 6.8 and 14.9 pm for
most sources. In order to estimate Fx14.9, we have fitted a
blackbody with colour temperature Tg.8_14.9 on ISOGAL
flux densities at 6.8 and 14.9 um. A test showed that
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integration of the flux densities on frequency, instead of
wavelength, produces the same results within 0.02 mag
accuracy.

Before integration, all flux densities were corrected for
interstellar extinction. The visual extinction was obtained
by two methods: (i) the reddening derived by WHMec is
converted into visual extinction using the relationship:
Ay = 16.7 x E(H — K) (Glass 1999); (i) the visual ex-
tinction derived by Schultheis et al. (1999), obtained by
fitting theoretical isochrones to RGB and AGB stars, in
the (J—K)x K diagram. WHMc calculated the E(H—K)
for each field (1’ x 1') comparing the observed colours with
intrincisic H — K colour of red giants. Schultheis et al.
(1999) used for each cell size (2 /pixel) the DENIS Kj vs.
(J — K) diagrams together with theoretical isochrones for
the RGB/AGB population. Due to the limited sensitivity
of DENIS, their map is only reliable up to Ay < 25™.

Figure 4 shows the comparison between both deter-
minations of Ay. There is no systematic deviation be-
tween the two methods, however there is a large scatter
with a rms of ~7mag in Ay. Nearly all sources lie in-
side the 25% discrepancy region, indicated by the dashed
lines in Fig. 4. A simulation showed that, for 25% of uncer-
tainty in Ay, the uncertainty in the determination of Mo
is about 0.5 magnitude for (K — L), < 1.5 and 0.2 mag-
nitude for (K — L), & 1.5. The only exceptions in the
sample are Li4 and Lil8, which have optically thin en-
velopes. For these stars 25% of uncertainty in Ay causes
one magnitude of uncertainty in My.. We choose to take
the average value of both determinations of Ay.

Ay was obtained from Ay assuming A;/Ay = 0.245,
AH/AV = 0.142, AK/AV = 0.089, AL/AV = 0.039 (Glass
1999). The value of the average interstellar extinction
in the LW5 and LW9 bands is still uncertain (see e.g.
Lutz et al. 1996; Lutz 1999; Bertoldi et al. 1999). We
use the values of Mathis (1990): Apws/Ay = 0.020 and
Apwe /Ay = 0.016. In a simulation, we found that if one
doubles these extinction coefficients, the bolometric mag-
nitude becomes only 0.3 mag brighter.

Besides extinction, another major source of uncer-
tainty in the luminosity calculus is variability. To de-
rive the uncertainty of the average luminosity, it is nec-
essary to obtain the amplitude of variability over a wide
range of wavelengths, as well as to extrapolate the values
of amplitude to the far-infrared. We studied the sample
of OH/IR stars monitored by WHMc and Harvey et al.
(1974) in order to estimate the uncertainty of My caused
by variability. The half-amplitude of variability is 0.9 mag
at A = 2.2 ym (WHMc), and 0.5 mag at A = 10 um
(Harvey et al. 1974). Since OH/IR stars radiate mostly
beyond A ~ 2 ym and the amplitude of variability seems
to decrease with wavelength, we estimate the uncertainty
of bolometric magnitude to be less than one magnitude.

In this work we adopt the distance modulus of (m —
M) = 14.5, corresponding to the distance of 7.9 kpc
(Rohlfs & Kreitschmann 1987). The choice of the distance
modulus of the Galactic Centre is a minor source of un-
certainty, compared with variability of the sources and the
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Fig. 4. Comparison between the interstellar extinction towards
OH/IR sources, as derived by Schultheis et al. (1999) and by
WHDMec. The dashed lines represent 25% deviation from corre-
spondence.

uncertainty in the extinction. The depth of the spatial dis-
tribution of OH/IR stars in the inner bulge plays a minor
role in the uncertainty of the distances as well: the spa-
tial distribution of the OH/IR stars found by Sjouwerman
et al. and Lindqvist et al. shows that most sources found
in these surveys are distributed in the sky like a cluster of
OH sources inside the ~20’ (~50 parsecs) radius area, cen-
tered approximately at the Galactic Centre (see Fig. 2).
Table 3 lists the visual extinction Ay, dereddened
(K — L)o, Mpol, bolometric corrections for K, L, [LW5]
and [LW9] bands (all of them corrected for extinction),
the Ts.8—14.9 blackbody colour temperature, and AV, the
difference of velocity of the two OH velocity peaks. We
stress that Tg.8_14.9 is not the temperature of the circum-
stellar dust shell, but the fit of a blackbody function to the
ISOGAL flux densities, which are the outcome of radia-
tive processes in the circumstellar envelope, such as dust
absorption and emissivity. Although the thermal contribu-
tion of dust dominates at those wavelengths, a significant
contribution from the atmosphere of the star might play a
role, especially for optically thinner envelopes at 6.8 pm.
Table 4 contains stars observed by BVLHS. Their K,
L’ (differently from WHMc, L' centered at A = 3.8 pm)
and M (at 4.7 pm) magnitudes as well as ISOGAL mea-
surements are used to compute bolometric magnitudes.
The bolometric correction is defined here, as usual, as
Myoi(N) = My + BC) for a photometric band centered at
A. Figure 5 shows bolometric corrections for various bands
as a function of (K — L),, for WHMc sources. Among the
photometric bands used in this study, BCk is the only one
that fits close the (K —L), colour (Fig. 5a), similarly to the
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Table 3. Bolometric magnitudes and corrections for Lindqvist OH sources observed by Wood et al. (1998). The numbering is
taken from the original reference (Lindqvist et al. 1992a); Ts.s—14.9 is the blackbody colour temperature calculated by fitting a
blackbody to ISOGAL flux densities; AV is the difference of the two OH velocity peaks; and Myoi(WHMc) is the bolometric
magnitude calculated by Wood et al. (1998). The (K — L), colour index as well as the various bolometric corrections have been

dereddened as described in Sect. 4.

No. Av (K — L)o M1 BCgk BCy, BChrws BCrwg T6,8714_9(K) AV km 571 Mbol(WHMC)
4 29.6 0.40 —-3.6 2.08 2.47 4.96 7.13 420. 30.6 —3.36
12 24.2 2.99 —4.3 1.54 4.53 6.03 8.15 430. 37.2 —4.80
14 23.4 2.77 —4.3 1.49 4.26 6.22 8.27 440. 38.4 —4.32
16 23.5 2.56 —4.2 2.15 4.71 5.83 7.63 490. - —4.60
17 22.0 3.98 —4.8 0.54 4.52 6.13 8.22 430. 44.2 —5.96
18 22.0 1.09 —6.7 2.33 3.42 3.99 5.38 590. 27.2 —6.00
19 20.2 3.06 —2.3 0.37 3.43 6.72 8.23 560. 40.8 —1.68
20 23.0 1.21 —4.8 3.07 4.28 5.24 6.81 540. 34.9 —4.80
21 20.9 3.68 —4.6 0.54 4.22 6.24 8.44 420. 37.5 —5.24
23 23.3 3.43 —5.0 0.40 3.82 6.55 8.33 490. 42.0 —4.98
24 22.6 1.54 —5.3 2.83 4.37 5.06 6.09 740. 32.6 —5.20
25 23.0 1.86 —5.0 2.57 4.43 5.85 7.79 460. 38.5 —5.17
26 24.5 2.41 —5.1 1.95 4.36 6.42 7.17 940. 44.2 —5.18
27 24.8 2.71 —4.0 1.27 3.98 6.55 8.03 570. 45.4 —3.78
31 19.7 0.65 —4.1 2.73 3.38 5.75 7.85 430. 37.5 —3.87
32 20.9 3.75 —5.1 0.59 4.34 6.61 7.33 970. 38.3 —5.93
34 23.2 1.83 —4.8 2.46 4.30 5.90 7.27 600. 28.4 —4.67
35 18.6 3.37 —4.8 0.93 4.30 6.46 7.90 570. 31.8 —5.30
38 24.7 1.85 —4.2 2.67 4.53 5.97 7.17 660. 42.0 —4.35
42 23.0 5.03 —4.7 —1.65 3.38 6.87 7.90 740. 44.2 —5.57
45 26.2 1.95 —4.4 2.70 4.65 5.68 6.95 630. 40.9 —4.68
48 22.0 1.30 —4.8 2.81 4.11 5.25 7.29 440. 14.5 —4.62
50 20.1 2.47 —5.2 2.09 4.56 6.19 7.12 800. 43.1 —5.37
70 25.3 4.22 —-5.8 —3.83 0.39 6.90 8.42 550. 38.6 —2.98
80 28.5 3.37 —4.3 1.38 4.75 6.01 7.72 500. 37.5 —5.17
94 25.9 1.78 —5.2 2.83 4.61 5.33 7.03 510. 40.8 —5.32
96 16.8 2.01 —4.9 2.39 4.40 5.22 8.39 310. 34.1 —4.90
101 17.7 4.06 —4.8 —0.57 3.50 6.61 8.47 470. 31.6 —4.96
104 16.6 3.62 —4.3 1.09 4.72 6.01 7.90 470. 38.3 —5.34
105 25.2 2.43 —4.9 1.87 4.31 6.22 7.99 490. 32.9 —4.90
106 24.2 1.19 —5.0 2.96 4.15 5.47 6.86 590. 37.4 —4.84
107  22.6 2.69 —2.7 0.24 2.93 6.56 8.69 430. 9.1 —1.45
108 29.4 2.10 —4.2 2.50 4.61 6.04 6.78 960. 36.2 —4.31
109 17.3 2.92 —4.7 0.90 3.82 6.57 8.21 520. 48.8 —4.39
110  20.8 2.60 —4.5 1.98 4.58 6.14 7.50 600. 40.8 —4.76
113 24.5 1.24 —4.8 3.07 4.31 5.34 7.01 510. 34.0 —4.83
114 22.1 3.57 —-3.8 0.04 3.61 6.83 7.74 820. 28.4 —3.69
115 17.5 2.32 —-5.0 1.72 4.04 6.49 7.96 570. 36.3 —4.65
116  17.7 3.95 —5.4 1.07 5.03 5.60 7.63 440. 30.6 —7.01
117 18.9 3.16 -3.7 0.87 4.03 6.58 7.96 600. 26.1 —3.81
119 24.3 3.48 —4.8 0.40 3.88 6.58 8.24 520. 35.2 —4.87
120 22.3 2.11 —-3.5 1.80 3.91 6.68 7.35 1020. 26.1 —3.10
121 17.6 0.26 —2.8 3.65 3.91 5.04 6.23 670. 20.4 —4.62
127 23.8 1.88 —5.4 2.48 4.36 6.14 7.40 640. 46.5 —5.40

one obtained with (K—[12]), (e.g., Groenewegen 1997).
The bolometric corrections for L, [LW5] and [LW9] bands
are little colour dependent. Nevertheless BCp shows a
plateau, near BC, = 4 ~ 5, whereas WHMc¢’s fit for this
band turns down for (K — L), > 2.

In Fig. 6 we show a comparison between bolometric

magnitudes determined in this work and those derived by
WHMc and BVLHS. Our results agree within 0.6 mag

accuracy with those of BVLHS, and no systematic devia-
tion is found over the whole range of My,. On the other
hand, WHMc magnitudes are systematically brighter, for
some sources by as much as 1.5 mag. The methods used in
the three works are not the same: WHMc calculated Mo
applying a bolometric correction BCp to L, the extinc-
tion corrected L, while BVLHS preferred to integrate over
the energy distribution, similarly to the present work, but
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Table 4. Bolometric magnitudes and corrections for Lindqvist OH sources observed by Blommaert et al. (1998) and detected
by ISOGAL. The columns are defined like in Table 3, except that here the L’ band is used which is centered at A = 3.8 um.

NO. Av (K — L,)o Mbol BCK BCL/ BCLw5 BCLWQ T6_8714,9(K) AV km Si1 Mbol(BVLHS)
22 235 2.11 —5.8 485 5.02 6.00 6.99 770. 43.1 —5.6
33 190 3.46 —6.7  4.77 5.18 6.42 7.81 590. 30.6 —6.5
37 26.6 4.37 —-3.0 4.14 5.11 6.67 8.09 580. 27.0 —2.9
40 225 3.53 -39 5.08 5.20 6.13 7.85 500. 36.3 —4.0
47 250 2.93 —4.8 5.10 5.37 6.04 7.22 670. 42.8 —5.2
70  25.3 7.44 —5.8 2.69 4.19 6.88 8.40 550. 38.6 —6.0
85  24.3 4.91 —4.3 3.55 5.71 6.46 8.28 480. 27.3 —4.6
86  23.1 3.24 —5.0 4.21 4.55 6.55 8.37 480. 42.0 —5.0
87 248 4.72 —4.8 2.07 3.31 6.94 8.44 560. 28.3 —4.1
91 19.3 1.56 —4.6 4.72 4.71 5.38 6.48 710. 22.7 —4.0
105 25.2 2.97 —4.7 443 491 6.43 8.20 490. 32.9 —5.0
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Fig.5. Dereddened bolometric corrections for near-infrared
and ISOGAL bands as a function of the dereddened colour
(K — L)o. The continuous line drawn in panel a) represents
our best fit BCx = 3.05— (K — L)3/20; the dashed line drawn
in panel b) represents the fit obtained by WHMc for BC7.

using ground-based mid-infrared photometry. The better
agreement between BVLHS’s results and ours is probably
due to the similar method of obtaining M. An inspec-
tion of Fig. 9 of WHMCc reveals that their BC'L, relationship
is loosely dependent on (K — L), especially if compared
to the relationship found in this work. We suggest that
My is better calculated either by using the bolometric
correction for the K band or by integrating the energy
distribution, as in BVLHS and in this study.

Fig. 6. Comparison between bolometric magnitudes obtained
in this work and those obtained by WHMc (triangles) and by
BVLHS (circles). For each set of My the corresponding pho-
tometry (JHK L[LW5][LWY9] for WHMc; KL'M[LW5][LW9]
for BVLHS) was used. The objects Li70 and Lil21 identified
in the figure are discussed in Sect. 8.

5. The expansion velocity of the envelope
of OH/IR stars: Two distinct populations?

OH/IR stars have been classified in the literature accord-
ing to their expansion velocity of the OH envelope (Baud
et al. 1981; Ortiz & Maciel 1994). Stars that exhibit larger
expansion velocity are believed to be younger and more
massive, since Vexp depends on the luminosity and on the
gas-to-dust ratio, which in turn depends on the metallicity
(van der Veen 1989; Schutte & Thielens 1989). Luminosity
also plays a role but it is difficult to observe the effect
caused by each variable separately because populations
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of OH/IR have been reported to show wide distributions
of luminosity, age, kinematics, etc.

Lindqvist et al. (1992b) studied the kinematics
of OH/IR stars near the galactic centre and show that the
group with higher expansion velocity of the envelope Vey,
follows the rotation curve of the Galaxy closer than the
low Viyxp group. BVLHS has presented some evidence
that the two groups of OH/IR stars, classified accord-
ing to their Vi, have also different luminosities: almost
the whole group with Vex, < 18 kms™! is fainter than
Mo = —5.0, whereas the group with Voyxp > 18 km g1
has a broader range of bolometric magnitudes of which
half are below —5.0. Sjouwerman et al. (1999) studied the
kinematics of OH/IR stars around the Galactic Centre
and conclude that the division at Vexp, = 16.5 kms™! is
more appropriate.

Here we adopt Sjouwerman’s criterion for the objects
observed by WHMc and BVLHS and detected in the
ISOGAL fields (Tables 3 and 4). Stars are grouped into
these two Vixp categories as shown in Fig. 7, which can be
approximately compared with Fig. 8 of BVLHS. There is
no clear distinction between the two groups. It is also pos-
sible that the region at the centre of the Galaxy, skipped
by ISOGAL, may contain more massive and luminous ob-
jects, which would be missing in our statistics, however
the more luminous stars listed by BVLHS do not show
a sharp concentration at the Galactic Centre. The peak
of the distribution of luminosity is, like in BVLHS, at
Mo >~ —5.0. The histogram of lower velocity objects re-
flects the poor statistics for this group, that does not allow
us to draw a definitive conclusion on the existence of two
distinct groups of OH/IR stars.

6. The K-[LW9] colour

[LW9] is a narrow filter which is not much affected by the
18 pm silicate feature. The (K —[LW9]), colour is an excel-
lent measure of infrared excess emitted by the envelope, as
outlined by Omont et al. (1999c). However, the calculation
of mass loss rate is dust model dependent. Figure 8 shows
the (K —[LW9]), x absolute [LW9] diagram of OH/IR stars
observed by Lindqvist and ISOGAL taken from Table 3,
as well as the predictions of a model for circumstellar dust
shells by Groenewegen, already described in Sect. 3. All
OH/IR stars are inside the upper part of the region de-
fined by Omont et al. (1999¢) where AGB stars showing
high mass-loss rates are found. The brightest star found
by Omont et al., an OH/IR star identified as IRAS 17382-
2830, is also present in this study (Sel26), and is at the
upper limit of luminosity: Mg = —13.4.

Glass et al. (1999) identify AGB stars in the NGC 6522
and Sgrl fields, using the same kind of diagram. In that
study, miras extend over a range in colour and magni-
tude that partially overlaps the box in Fig. 8, but while
in Glass et al. the largest value of (K—[LW9]), ~ 3,
the AGB sequence here extends to much redder colours
and higher luminosities due to differences between the
two samples: the present study addresses OH/IR stars,
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Fig. 7. Histogram showing bolometric magnitudes of OH/IR
stars observed by WHMec, BVLHS, and detected in ISOGAL
fields, taken from Tables 3 and 4. Stars are separated ac-
cording to the expansion velocity of the OH envelope: a)
Vexp < 16.5 kms™"; b) Veyxp > 16.5 kms™.
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Fig. 8. Colour—absolute magnitude diagram of OH/IR stars
observed by WHMc (triangles) and BVLHS (circles), cor-
rected for interstellar extinction. The dotted box marks the
region where high mass-loss AGB stars are expected to be
found (Omont et al. 1999¢) and the lines are model grids by
Groenewegen (1993) M5III and MS8III spectral types and mass-
loss rates in the range 1 x 10781 x 107° Mg, /year, with ticks
at steps of half a dex.
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The thick line represents the relationship derived by Glass
et al. (1995) for long period variables in the bulge; thin lines
represent masses of the precursors, according to the model
by Vassiliadis & Wood (1993) for solar and sub-solar abun-
dances. Bolometric magnitudes are those derived in this paper
(Tables 3 and 4). Triangles = WHDMc; circles = BVLHS.

whereas the reddest stars of Glass et al. are Miras, which
show lower mass-loss rates. They report that no OH/IR
stars fall within their fields. Comparing with the grid of
models by Groenewegen, one finds that the reddest stars
in the study of Glass et al. have mass-loss rates a few times
107 Mg /year, which marks the onset of the superwind,
while the ones of the present study can exhibit M as high
as a few 107° Mg /year.

As we suggested in Sect. 3, the spread in colour might
be partially due to variability in the [LW9] band, since av-
erage K magnitudes are considered. The model matches
the observations for a great number of sources, however
for (K—[LW9]), > 5 most stars are fainter than the pre-
dictions of the model for the [LW9] band, and this dis-
crepancy results in lower luminosities because most of the
flux emitted by high mass-loss stars is radiated in the mid-
infrared. This interpretation is supported by the deviation
of Mye from the luminosity-period relationship (Jones
et al. 1994; BVLHS and WHMc) which is discussed in
the next section.

7. The period-luminosity relationship

Glass et al. (1995) studied a sample of LPV stars in the
bulge (Baade’s windows, showing periods up to 700 days.
Those stars follow the PL luminosity with the scatter-
ing of 0.36 mag which is significantly higher than in the
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LMC (0.16 mag), mainly because of the finite depth of
the bulge. WHMc and BVLHS find that their sample of
long period variables very close to the Galactic Centre do
not follow any previous PL relationship, the stars showing
lower luminosities or, alternatively higher periods than the
relationships previously derived. Because bolometric mag-
nitudes have been recalculated with use of mid-infrared
photometry which yielded even lower luminosities, we re-
peated the analysis of WHMc and BVLHS’s samples. We
take the periods derived by WHMc, van Langevelde et al.
(1993) and Jones et al. (1994) and combine them with
the bolometric magnitudes described in Sect. 4 in order
to study the PL relationship.

Figure 9 shows log(P) and My, taken from Tables 3
and 4. Most stars are below the PL line derived by Glass
et al. (1995). In the same figure, we plot the grid of models
of Vassiliadis & Wood (1993). They give luminosities and
periods for a range of initial masses for solar and sub-solar
abundances. The small number of objects more luminous
than M, = —5.5 indicates that the initial masses of stars
in the sample are rarely higher than ~3 Mg, but they have
rather about 1 ~ 2 M), on average. This is incompatible
with some of the long periods observed, since it has been
shown that the period of a mira increases with its mass
(Feast 1963; Feast & Whitelock 1987; Jura & Kleinmann
1992). Besides, that model is intended to reproduce solar
to sub-solar metallicity populations, which might not be
proper for the central-bulge population. Whitelock et al.
(1991) obtain luminosities similar to ours for their sample
of IRAS LPV’s in the outer bulge.

Note that the very small number of luminous stars
in our sample is consistent with the very small num-
ber of stars with mass-loss higher than 107> Mg /year,
since there is a correlation between luminosity, initial mass
and mass-loss rate (see e.g. Habing 1996 and references
therein).

8. Comments on individual objects

Sel179 = OH 0.333-00.181 = ISOGAL PJ 174707.0-
284442

Sel79 (OH 0.333-00.181), Sevenster et al. (1997) detected
only one peak at the velocity of —327.2 kms~!. However
the detected peak is close to the edge of their velocity
coverage, so that a second peak might exist at a more
extreme velocity. Sel79 is most likely coincident with
Sj103 (OH 0.335-0.180) even though the two radio po-
sitions differ of ~10”. As shown in Fig. 1 such a differ-
ence may well fall within the astrometric uncertainty. In
fact, the red peak of Sj103 coincides in velocity with the
single peak detected for Sel79, while the blue peak is at
a velocity of —356.5 kms™!, which is out of the velocity
range of the spectrum observed by Sevenster et al. (1997).
Only ISOGAL-PJ174707.0-284442 can be associated with
the two radio positions: the distances from the ISOGAL
source are 10.4 and 1.2 for Sj103 and Sel79, respectively.
The ISOGAL source is near the position derived with
the ATCA, which is more accurate (Fig. 1). Therefore we
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conclude that Sj103 and Sel79 are the same maser source
and that the position of Sj103 is off by 10”. This very
high velocity OH/IR star (-342 kms™!) was first discov-
ered in OH by Baud et al. (1981) (OH 0.3-0.2). Fix and
Mutel (1984), observed the radio position with the 10 ym
N-band, but did not detect the source and gave an upper
limit of <0.6 Jy. BVLHS found two possible counterparts
in the K band. ISOGAL-PJ174707.0-284442 is the first
mid-infrared counterpart of this high velocity star.

8.1. Infrared bright objects

The following objects are found bright above the ISOGAL
AGB branch and hereafter their classification as either
foreground objects or as bulge member is discussed:

Li33 = OH 359.7624+0.120 = ISOGAL PJ
174435.0-290435

This OH source was detected independently by Lindqvist
(Viow = —21.0 kms™!, Vien = +85 kms™!) and
Sevenster (Vipw = —20.6 kms™1, Viign = +8.6 kms™1),
among others. Its OH emission is very intense, and double-
peaked. It was observed by BVLHS in the near and mid-
infrared who obtained (K — L’), = 3.65 indicating an
optically thick envelope. Van Langevelde et al. (1993) and
Jones et al. (1994) independently monitored this source
and obtained the period of 758 and 715 days, respectively
from radio and infrared observations. There has been some
controversy in the literature about the bulge membership
of this star. Radio observations show that the OH emis-
sion is affected by interstellar scattering that occurs near
the Galactic Centre (van Langevelde & Diamond 1991).
On the other hand, assuming that this star is really in the
bulge, its bolometric magnitude has been evaluated near
the limit allowed for AGB stars: My, = —7.20 (Jones
et al. 1994). We find My, = —6.7, similarly to BVLHS,
who finds My, = —6.5, that makes the location of this
star in the bulge plausible. This OH source has an IRAS
counterpart (IRAS 17413-2903) at 1.5 error ellipse far from
the radio position. Its mid-infrared magnitudes indicate
that the IRAS-ISOGAL sources refer to the same object:
[6.8 ym] = +1.74, [12 pm] = +1.10 1, [14.9 um]= +0.27.

Li1l8 = OH 359.640-0.084 = ISOGAL PJ 174505.3-
291713

Like the previous star (Li33), Lil8 has a My, = —6.7
and is positioned quite above the PL relationship (Fig. 9).
WHMec report a period of 546 days and M. = —6.0. Its
high radial velocity, —142.3 kms~!, however, suggests a
bulge membership.

Sel45 = OH 359.149-00.043 =
174345.0-294101

This source was detected by Sevenster (Viow =
+34.9 kms™!, Vhigh = +39.3 kms™!). Such an extremely
small AV suggests interstellar emission. It is a very red

ISOGAL PJ

! The IRAS zero-magnitude fluxes considered are those in
the IRAS Ezxplanatory Supplement, i.e. 28.3, 6.73, 1.19, and
0.43 Jansky for the 12, 25, 60, and 100 pm bands, respectively.
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object ([LW5]—[LW9] = 2.72), but because the [LW5]
and [LW9] observations were not simultaneous this colour
index might have been affected by variability. There is
an IRAS counterpart (IRAS 17405-2939) 0.4 error ellipse
far from the OH position and ISOGAL and TRAS mag-
nitudes are compatible: [6.8 ym] = +1.97,[12 pm| =
+0.08,[14.9 pm] = —0.75. Its small velocity is compati-
ble with a foreground disk object, but additional infrared
observations are necessary to confirm its YSO nature and
determine its distance.

Sel51 = OH 359.117-00.169 = ISOGAL PJ
174409.9-294639

This object was detected by Sevenster (Vipw
—109.6 kms™1, Vhigh = —67.3 km s_l) and corresponds to
TRAS 17409-2945. Its magnitudes are compatible with one
another: [6.8 um| = +2.34, [12 pym] = +1.52, [14.9 pym| =
+1.02, and [25 pm] = —0.2. Its colours, AV, and OH spec-
trum are typical of an OH/IR star, but near-infrared data
are needed to derive its luminosity and to confirm its bulge
membership, which is suggested by its large velocity.

Li70 = OH 359.971-0.119 = ISOGAL PJ 174601.1-
290124

It is a double-peaked OH source detected by Lindqvist
(Viow = —27.8 kms™!, Vyign = +10.8 kms™!). Despite
its bright ISOGAL magnitudes ([6.8 pm] = +2.30,
[14.9 pm] = +0.68), it was not detected by IRAS. It
was observed by WHMc (K = 14.79) and BVLHS (K >
14). It is the reddest object of this study: (K — L), =
422, (K — L), = 744, (K—[LW9]), = 12, however
[LW5]—[LW9] = 1.62 is just moderate. Van Langevelde
et al. (1993) monitored it in OH radio frequencies and
obtained the period of 1391 days. If the object is re-
ally in the bulge, it is one of the brightest: from WHMc
and from BVLHS near-infrared data, in combination with
ISOGAL data, we obtain the same result: My, = —5.8.
On the other hand from their near infrared data WHMc
find it much fainter (Mpo = —2.98), while BVLHS finds
My = —6.0 using near-infrared data and N band pho-
tometry, which is consistent with our result. The high
(K — L), value suggests a high mass-loss rate and an opti-
cally thick envelope (no counterpart is reported by WHMc
in J or H bands). We suggest that its location in the bulge
might be compatible with its magnitude and luminosity.

8.2. Very red ISOGAL objects: ([LW5]-[LW9]) > 3

Li3 = OH 359.429+00.036 = OH 359.429+40.035
= ISOGAL PJ 174406.9-292417

The OH source was independently detected by Lindqvist
et al. and Sevenster et al., and it has a peculiar OH spec-
trum. There are two strong peaks at Viow = —10.8 kms™!
and Vpjen = +17.6 kms™!, and a broad emission fea-
ture at V ~ 0 kms™!. It has the reddest ([LW5]-
[LW9]) colour of the sample, but there are neither
WHMc nor BVLHS observations, nor an IRAS detec-
tion for this source. Considering the colour index and the
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OH spectrum we suggest that this object might be a post-
AGB star or a YSO.

Sj31 =OH 359.936-00.145 =
174602.8-290359

Sjouwerman et al. (1998) point out that the second
OH peak, at v = +13 kms™!, is very faint and it can-
not be confirmed. Consequently, there is a considerable
chance that the OH emission is of interstellar origin. Its
red colour is very reliable since ISOGAL magnitudes were
obtained at the same epoch.

ISOGAL PJ

Lil11 =OH 000.319-00.041 = OH 0.319-0.040 =
ISOGAL PJ 174632.2-284104

This OH source was detected by Sevenster (View =
+56.8 kms™!, Vhigh = +93.3 km s~! and Lindqvist
(View = +57.3 kms™', Vijgn = +92.2 kms™!).
van Langevelde et al. monitored it in radio, but no fit of a
regular period curve was possible. The existence of a third
peak in the OH spectrum as well as the very high ([LW5]-
[LW9]) colour and the lack of regular period suggests this
object is either a young stellar object or a post-AGB ob-
ject. It was not observed by WHMc and BVLHS did not
detect any near-infrared counterpart in K and L’ bands.
The interstellar extinction in its direction is about 29 mag.
If this object is as red as the most extreme ones in Fig. §,
it would have K — [LW9] ~ 10, which gives < K >~ 15.
Such a faint magnitude is characteristic of evolved post-
AGB stars and YSO'’s.

Li9% = OH 0.173+40.211 = ISOGAL PJ 174512.5-
284044

Despite the large value of [LW5]—[LW9]= 3.23, it has only
moderate values of (K — L), = 2.01 and (K—[LW9],) =
6.00. Its nature as an AGB star is well established from
the period of 514 days of its light curve.

8.3. Low-luminosity stars: Mpoy > —3.0 (L < 1.3 %
103 L)

Li37 = OH 359.776-0.120 = ISOGAL PJ 174533.3-
291123

It is one of the strongest OH emitters, its OH spectrum
looks like a well-defined double-peak. We obtain Myq =
—3.0; Jones et al. (1994) evaluates My, = —3.40, however
they do not find a regular period from the L-band light
curve. BVLHS found My, = —2.9. Van Langevelde &
Diamond (1991) and Frail et al. (1994) demonstrated that
the OH source is located in the Galactic center region,
behind the scattering screen. We conclude that this object
is a non-variable/irregular OH/IR star, near the faint end
of the AGB branch (see also discussion in BVLHS).

Li121 = OH 0.452+4-0.046 = ISOGAL PJ 174630.7-
283131

This object has typical characteristics of a mira-type star.
All its colour indices are low (e.g. (K—[LW9]), = 2.58),
and its (K — L), is the bluest in the WHMc’s sample:
(K —L)o = 0.26. Its position in the (K —[LW9]), x Mo
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diagram (Fig. 8) suggests that it has the lowest mass-
loss rate among the stars measured in the near-infrared
and by ISOGAL. According to Groenewegen’s models the
mass-loss rate does not exceed 1 x 1077 Mg /year. The
extinction-corrected absolute magnitude is Mg = —6.4,
which is faint for an optically thin envelope AGB star.
This suggests that WHMc overestimated the luminosity
of this star: My, = —4.62 (WHMc); Mpo = —2.8 (this
work; however the value of BCx = 3.65 that we derived
is surprising). The period is also the shortest in the sam-
ple: 339 days, comparable to o Ceti. Other miras showing
1612 MHz OH emission have been previously reported in
the literature: te Lintel Hekkert et al. (1989) list many
miras as counterparts of OH sources in the solar neigh-
bourhood, however the observed intensity of the OH emis-
sion in such a star at the distance of the bulge would be
exceptional.

Li19 = OH 359.652-0.131 = ISOGAL PJ 174518.1-
291804

We find My,,) = —2.3, similarly to WHMc who find My, =
—1.68. Differently from the former sources, this star has
an optically thick envelope and a long period of 671 days.
Like OH 0.4524-0.046, the absolute K magnitude is far
too faint for an AGB star. For its (K — L), = 3.06 colour
index, Lepine et al. predict Mg = —6.7, which is much
brighter than Mg = —2.65 found for this star. We suggest
that this star is located behind the bulge.

Li107 = OH 0.261-0.143 = ISOGAL PJ 174647.9-
284715

This star has also an optically thick dust shell, consider-
ing its (K — L), = 2.69 color index. Its Mk, = —2.92 and
bolometric magnitude (Mp, = —1.45, WHMc; My =
—2.7, this work) are too faint and incompatible with its
colour index. Infrared monitoring carried out by WHMc
revealed no period, but it has shown small-amplitude vari-
ability. This fact, as well as its triple peaked OH spectrum
suggest that it might be a young stellar object.

9. Conclusions

The ISOGAL survey in the inner part of the bulge has
found infrared counterparts of OH maser sources for al-
most 100% of the cases, amounting to 110 objects. The
mass-loss rates calculated using the grid of models by M.
Groenewegen for circumstellar envelopes are in the range
3 x 1077 up to a few times 1075 My, /year. However the
sources display a considerable spread in the (K —[LW9])
colour when compared with the predictions of the models,
which is probably caused by variability.

OH/IR stars in the bulge show a wide distribution of
luminosity, peaked at 8 x 103 L, (Myo = —5.0), and with
very few stars more luminous than 1.5 x 10* L, (Mpor <
—5.6). Only a minor fraction of OH/IR stars have thus
initial masses larger than ~3 Mg.

The luminosities of OH/IR stars in this study lie prac-
tically all well below the PL relationship, as previously
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found by Wood et al. (1998) and BVLHS, and even fur-
ther below than Wood et al.’s values.

We do not find clear evidence of two distinct popula-
tions of OH/IR stars in our sample, classified according

to their expansion velocity of the envelope, as suggested
by others (BVLHS, Sevenster et al. 1995).
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