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Abstract. We present ground-based infrared photometry be-
tween 2.2 and 34 um, and IRAS observations of two OH/IR stars,
OH 127.8—0.0 (GL 230) and OH 345.0+15.7 (GL 1822). From a
study of the infrared flux distributions we have derived several
physical parameters of the sources, and, in particular, their mass
loss rates.

The values of M of 2.710™* My yr~! and 1.410™* My yr !
for OH 127.8—0.0 and OH 345.0+ 15.7 respectively, imply that
the two stars are in a superwind phase at the tip of the Asymptotic
Giant Branch (AGB).

Our direct 34 um observations compared with the OH flux
densities, strongly reinforce the hyphothesis that the 1612 MHz
OH emission is radiatively pumped by 35 um photons.

Finally, the infrared observations of OH 127.8 —0.0, obtained
on a time scale of a few years confirm the OH periodicity of
1994 4.
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1. Introduction

OH 127.8—0.0 and OH 345.0+15.7 are two strong 1612 MHz
OH line emitters discovered by Kerr and Bowers (1974) and Allen
et al. (1977), and identified with the very red AFGL objects
GL 230 and GL 1822, respectively. These optically unidentified
AFGL sources were classified by Kleinmann et al. (1981), accord-
ing to the presence of the CO first overtone band near 2.3 pum, as
late M-type stars with a very dense dusty circumstellar envelope
(Gehrz et al., 1985).

The observed high OH luminosity of these two sources,
suggests a large value of mass loss rate (> 1073 M yr ') typical
of evolved stars approaching the end of the Asympotic Giant
Branch (AGB), and assumed to be progenitors of planetary
nebulae.

Two IR pumping schemes were proposed for 1612 MHz OH
masers, one involving vibrational excitation at 2.8 pm (Litvak,
1969) and the other involving rotational excitation at 35 pm
(Elitzur et al., 1976). This last hypothesis is supported by a direct
comparison of maser and IR emission from a sample of OH/IR
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stars (Evans and Beckwith, 1977; Werner et al., 1980). Evans and
Beckwith (1977), assumed the flux at 35 um equal to that ob-
served at 12.5 pm, while Werner et al. (1980) obtained the 35 um
flux by interpolation between the measured 30 pm and 50 um flux
densities.

Although ground-based observations at 35 pm are very diffi-
cult, a direct measurement at this wavelength of OH/IR stars is
very important to confirm definitively the pump mechanism
proposed by Elitzur et al. (1976).

For this purpose, we collected new and more accurate photo-
metry from 2.2 to 34 um of the OH/IR stars OH 127.8 —0.0 and
OH 345.0+15.7. Our IR data were compared with the IRAS
broad-band photometry and with the IRAS low resolution
spectra (LRS) in order to estimate some physical parameters of
the two OH maser sources such as the bolometric luminosity, the
mass loss rate and the dust temperature.

2. Instrument and observations

The IR photometry was obtained with the multifilter helium-
cooled Ge bolometer system of the Istituto Astrofisica Spaziale,
CNR (IAS), attached in different epochs between 1983 and 1988
at the high mountain (3200 m.s.l) f/20 1.5 m Italian Infrared
Telescope (T.IR.GO) located at the Gornergrat (Switzerland).

The TAS bolometer system includes nine broad and narrow-
band filters, and a circular variable filter (CVF) with an intrinsic
spectral resolution R = 50. The photometric characteristics of this
system, are reported in Table 1. The effective wavelengths (4.¢)
and Al (FHWD) were computed including the transmission
curves of the filters at 4 K, and a standard atmospheric transmis-
sion. The effective wavelengths specially in M, Q, and P(34 pm)
bands depend strongly on the water vapour content of the
atmosphere.

Taking the photometric response of Table 1, and the Kurucz
(1979) atmospheric model for aLyr with log g=3.94 and
T.=9400 K, we derived the 0.0 mag flux density for the IAS
bolometer system, reported in the last column of the table.

The 34 um filter here used is an OCLI filter blocked at shorter
wavelengths. At this wavelength we estimated a very low effici-
ency (<10%) including the atmosphere, telescope, and photo-
metric system responses.

The AOV star « Lyr was taken as primary standard star in the
K, L, and M bands, while the K21II star « Boo was chosen as
primary standard star in the N, Q, and P(34 um) broad-bands.
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We assumed 0.0 mag in the K, L, and M bands for a Lyr, and
N=-3.15mag, Q= —3.19 mag, and P(34 um)= — 3.24 mag for
o Boo, respectively.

The observations of our sources were relative to a system of
standard stars reported in Table 2. These stars were calibrated
with respect to the primary standard stars, during twelve observ-
ing runs. Their magnitudes are given in Table 2, together with the
number of observations for each standard star. All the observa-
tions were taken with a diaphragm of 14" and chopping throw of
20" in RA direction at small air masses to reduce the corrections.

Typical errors in deriving these magnitudes are less than 5%
up to 10 pm and 10-20% in Q bands, depending on the number
of observations. At 34 um, where the band is not well defined, the
error could be greater than 20%.

Our photometric system at 10 and 20 um is in good agreement
with that of Tokunaga (1984). This can be deduced by comparing
the magnitudes of Table 2 with that observed by Tokunaga (1984)
in the same bands.

The IR magnitudes corrected for air mass, of the OH maser
sources OH 127.8—0.0 and OH 345.0+15.7 are reported in
Table 3. The 1o statistical errors are also indicated when greater
than +0.04 mag. The observations relative to OH 345.0+15.7
were taken with the same instrument mounted at the 2.1 m
telescope of the Mexican National Observatory (S. Pedro Martir,
B.C., Mexico). Due to the different atmospheric conditions of the
two sites, the 34 um observation of S. Pedro Martir, could be
affected by a different calibration and A.

The two sources were identified with point-like IRAS sources
from the Point Source Catalogue (PSC). The IRAS flux densities
corrected according to the prescription given in the Explanatory
Supplement (Beichman et al., 1985), are reported in Table 4.

Table 1. TAS bolometer system

Filter AL Aess Flux 0™
(FHWD)  (p) dy)
K 0.6 22 680.0
L 0.9 3.6 269.0
M 0.6 4.9 151.0
N 5.0 10.6 35.6
N1 0.9 8.7 49.2
N2 1.5 9.8 40.0
N3 2.5 112 304
Q 4.6 20.3 9.3
P 12.0 34.0 37

Table 2. IAS standard star magnitudes

3. Discussion

We discuss here the properties of the two OH/IR sources,
combining the IR observations and radio data taken in literature
and summarized in Table 5. S,(OH) in the table represents the
geometric averages of the peak fluxes in the two OH velocity
peaks; V, is the stellar radial velocity; V.,, the circumstellar
expansion velocity, and AV is the velocity separation of the two
peaks.

3.1. OH 127.8—0.0

This sources was identified with the AFGL object GL 230 and
with the point-like IRAS source 01 304 +6211.

OH variability at 1612 MHz with a period of 1994 d was
found by Herman and Habing (1985). The L, M, and N light
curves obtained by combining our IR photometry with the IR
data by Grasdalen et al. (1983), and Gehrz et al. (1985) (Fig. 1),
suggest a similar variability in IR. The amplitude of this variation
is reduced from 1.9 mag at 3.6 pm to 1.1 mag at 10 pm. The fact
that IR and OH emission vary in phase, confirms the OH
emission is radiatively pumped.

We may provide a direct quantitative test of the rotational
pump model, comparing the number of OH photons emitted per
second n(OH), with the number of IR photons available to be
absorbed per second in the 35 um rotational transition, n(IR).
Besides the observed peak OH and 35 pum flux density and,
according to Eq.1 of Evans and Beckwith (1977), the pump
efficiency ¢=n(OH)/n(IR) is related to the following factors
including the solid angle into which the observed flux is emitted,
and the bandwidth in kms™! for microwave emission or IR
absorption by OH molecules. In the first approximation, follow-
ing Werner et al. (1980), it is plausible to relate the pump efficiency
to the observed quantities only, i.e. e=S,(OH)/S, (35 um). Using
our 34 uym photometry, and S,(OH) obtained approximately at
the same phase as the IR observations (Herman and Habing,
1985) (see Table 5), we derived £=0.36. Since ¢< 1, we conclude
that 35 um pumping is feasible for this OH/IR star.

Water vapour maser emission at 22 GHz was detected by
Engels et al. (1986) at the 0.01 OH phase. Comparing the H,O
photon luminosity with the photon luminosity at 6.3 um obtained
from the M band observed at the same phase, and using Eq. 1 of
Engels et al. (1986), we obtained L®3/L"2©=1267. This ratio
indicates that in OH 127.8—0.0 there are sufficient 6.3 um
photons to sustain the H,O maser emission.

The IR flux distribution of this OH/IR star is reported for
different epochs in Fig. 2. The ground-based IR observations

Name  SP K L M N N1 N2 N3 0 P Noo
«Tau  KSHII  —296 —306 —288  —3.00 -304 —304 4
BPeg  M2II  —225 —245 —227 —250 —243 —249 —253 —259 —269 10
BAnd  MOIN —195 —211 —192  —209 —214 -217 4
BGem KOII —117 —122 —113 —1.18 —125 4
pUMa MOII —084 —097 —078 —102 —112 6
«Boo  K2II  —299 —309 —294 —317 —314 —309 —308 —319 —320 6
«Aur  G8II  —183 —189 —195 —193 —203 3
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Table 3. IR photometry of the two OH/IR stars

P(34)

N3

N2

N1

Date

OH/IR

—4.16(.18)
—3.90(.10)
—~3.06(.11)

—1.64

—0.88

—1.71 —1.84

1.57 0.11

6.50(.11)

Sep. 23, 1983

OH 127.8—0.0

—3.70(.20)
—3.47(15)

—1.02(.05)
—~190

0.02(.14)
—0.72

—1.17(.06)
—1.37(.06)

0.98(.08)

1.11

3.02(.05)
227

7.25(.08)
6.82(.18)

Nov. 27, 1988

OH 127.8—0.0

—0.88

OH 345.0+15.7 Jun. 07, 1985
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Fig. 1. Variation of the IR emission of OH 127.8 —0.0; P=1994 d. The

solid line represents the OH light curve found by Herman and Habing
(1985)

relative to September 23, 1983 (0.08 OH phase), agrees with the
IRAS fluxes collected at approximately the same time. Integrating
the 2-100 pm spectrum relative to the maximum IR emission, and
applying the bolometric correction beyond 100 pm, we derived
the bolometric luminosity L(bol)=1.7 10° L (M (bol)= —8.3),
assuming a kinematic distance of D= 5.6 kpc (Engels et al., 1986).
This luminosity is consistent with the period P=1994 d observed
in OH, according to the period-luminosity relation found for the
OH/IR stars by Engels et al. (1983).

An evaluation of the mass loss rate was obtained, considering
that the observed expansion of the shell is driven by radiation
pressure on the dust. Following the relationship given by Engels
et al. (1983):

M =(By/c Verp) L(bO)) 1

where c is the velocity of the light, V,, the expansion velocity, and
B, the ratio of stellar photon momentum needed to accelerate the
shell to the total photon momentum, we derived from the
observed L(bol), V,,,, and B,=1, M=2.710"* M yr~'. This

exp?
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Table 4. Corrected IRAS flux densities

OH/IR IRAS [12] [25]1 [60] [100]
Jy Jy Jy Jy
OH127.8—0.0 01304+6211 3246+13.0 406.0+16.0 154.8+14.0 452+54
OH345.0+15.7 16029 —3041 163.3+18.0 2322493 64.846.5 21.5+1.9
Table 5. OH data T T T ] T
OH345,0+15.7 a
Source Vo Vexp AV S,(OH) Ref. IRAS16029-3041
(kms~!) (kms~') kms ! (Jy) 45| _
L]
OH1278-00 —55 127 245 406 1 30l N~ N
OH 345.0 )\ ; T
+15.7 -27 12.9 25.8 18.8 2
< 19 -
References: (1) Herman and Habing (1985) ¢ =0.87; (2) Allen et al. ‘e
(1977) 3 | \ | 1 \
- T I T T T
2 b
3 OH127.8-0.0
o 60 sesQ BN oMLK 2 IRAS01304+6211
I [ I ol B
OH127.8-00
IRAS01304+6211
/ ﬁ?‘ GL230 61 \\,./-f"_
n © \ sl |\, -
2| 1} ;\ \ _
| L 1 ] I
\A 9 12 1 18 21
§ Q
Alpm)
Fig. 3. a IRAS LRS of OH 345.0+15.7. b IRAS LRS of OH 127.8—0.0.
= o~ (0) Narrow-band and Q photometry of Table 3
2 | RN 7]
%3 +« // N\
2 & \
4 $ep231983 P=008 Colour temperature respectively of 530 K and 280 K were
o ’ found from the observed near-IR colour K—M and the [25-60]
oL \Nov 271088 9= 86/ IRAS colour indices. This indicates that dust at different temper-
o ' atures is present in the shell of OH 127.8—0.0. From a com-
\ parison of the 530 K blackbody reported in Fig. 2 (dashed line)
\ Dec.30.1980 =58 with the near IR-fluxes, we deduced that the OH/IR star radiates
| P ' beyond 10 um as a blackbody.
\ The narrow-band photometry around 10 pm at different
-1 \ _| phases, shows the presence of the 9.7 um silicate absorption band
\ (Fig. 2). This deep feature together with a weak absorption band
\ at 18 um is observable in the IRAS Low Resolution Spectrum
B 1 | (LRS, IRAS Team, 1986) (Fig. 3b). The 18 um absorption band
125 135 14.5 was detected in the OH/IR AFGL source GL 2205 (OH 26.5
Log »(H2)

Fig. 2. Infrared flux distribution of OH 127.8—0.0 taken at different
epochs. (A) IRAS data. (---) blackbody at T=530 K

value consistent with that independently obtained by Nyman et
al. (1986) using the OH luminosity, is one of the largest known for
such stars.

+0.6) (Forrest et al., 1978) and in the Galactic Center (McCarthy
et al., 1980), and requires the presence of cold silicate grains. From
the IRAS LRS of Fig. 3b, we derived the optical depth at 9.7 and
18 um; 74 ,=1.5, and 7,5 =0.17. It results that the observed ratio
T9.7/T15 = 8.8 is greater than those observed in GL 2205 and in the
Galactic Center by a factor 2-3. This could indicate that the dust
absorbing at 10 um is warm enough to radiate significantly at
18 pm.
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Table 6. Physical parameters derived from IR observations

I [ [
OH3450+157

IRAS 16029-3041
GL1822

4
/+ —t . i
4 A l.é\\

Log Sy, (Jy)
—

L 1 1
125 13.5 14.5
Logv(H2)

Fig. 4. Infrared flux distribution of OH 345.0+ 15.7. (A) IRAS data. (- - -)
blackbody at T=580 K

3.2. OH345.0+15.7

This type IT OH/IR source was discovered by Allen et al. (1977)
during a survey at 1612 MHz of AFGL objects, and identified
with GL 1822. The source is reported in the IRAS PSC with the
name 16 029-3041.

The characteristics of this OH maser source and of
OH 127.8—0.0 are very similar, but no monitoring was made in
order to study a possible OH periodicity. Even the IR observa-
tions of OH 345.0+15.7 are insufficient to bring out an IR
variability.

Although IR observations and OH measurements were taken
at different time, we derived the pump efficiency ratio following
the considerations made in Sect. 3.1. From our observed 34 um
flux densities and S, (OH) of Table 5, we got £=0.19 in agreement
with the model of Elitzur et al. (1976) that predict a value of
e=0.25.

Figure 4 gives the IR flux distribution of this source, including
the photometry of Table 3 and the IRAS data of Table 4. Except
for the 25 um, our data agree well with IRAS flux densities. The
continuum spectrum could be fitted by a combination of two
blackbody curves at T(K-M)=580 K and at 7(25-60)=420 K,
respectively in order to explain the far-IR emission.

The derived bolometric luminosity, obtained after integrat-
ing the 2-100 pm spectrum of Fig.4, and correcting for

OH 127.8—-0.0 OH 345.0+15.7

L(bol)

F(IR)
F(A>12)/F(IR)
T(K-M) 530K
T(25-60) 280K 420K
T(9.7um) 1.5 0.6
T(18um) 0.17 —
M(Mgyr™?) 271074 141074
€ 0.36 0.19

1.710° L
181071 Wm™2
0.4

8.710* L,
7810711 Wm ™2
0.4

580 K

emission beyond 100 um, is L(bol)=8.7 10* L, assuming a
distance D=6 kpc (Allen, 1977). Supposing that the OH shell
in OH 345.0+15.7 is expanding at a velocity V,,,=AV/2
=129 kms~! (Allen et al.,, 1977) (Table 4) we got from Eq. (1),
M=1410"*Mgyr L

The 9.7 um silicate absorption band is also observed in
OH 345.0+ 15.7 with an optical depth 7, ;=0.6 as illustrated in
Fig. 4 and in the IRAS LRS of Fig. 3a. The 18 um feature is
probably lacking because in this OH/IR star the dust which
absorbs at 10 um is warmer than in OH 127.8—0.0.

Finally, the physical parameters of the two OH/IR stars
OH 127.8—0.0 and OH 345.0+15.7, deduced from the IR obser-
vations are given in Table 6. The bolometric luminosities and the
mass loss rates here computed, could be affected by systematic
errors due to the rather uncertain kinematic distances used.

4. Conclusions

The main results of our IR photometry of the two OH/IR stars
OH127.8—0.0 and OH 345.0+15.7 can be summarized as
follows:

1. The derived pump efficiency ratios of the two sources, given
in Table 6, are in the range of those observed by Werner et al.
(1980) and Evans and Beckwith (1977) in five OH/IR stars. This
fact reinforces the hypothesis that the 1612 MHz maser emission
is pumped by 35 um photons.

2. The ratio between the flux emitted longward of A=12 pm
and the total IR flux is 0.4 for both the sources (Table 6),
indicating that the bulk of luminosity is not emitted in the far-IR.
Therefore, ground-based measurements in the near and mid-IR
are important in the determination of the bolometric luminosity
and mass loss rate.

The derived value of M ~10~* M, yr~! for the sources here
analyzed (Table 6), indicates the presence of a superwind.
This superwind places the two OH/IR stars at the tip of the
Asymptotic Giant Branch (AGB) according to Renzini (1981).

3. OH 127.8—0.0 shows an IR variability probably in phase
with the OH emission (P =1994 d).

Finally, the two OH/IR stars fall in a region (I1Ib) of the IRAS
colour diagram studied by van der Veen and Habing (1988),
where variable stars with thick O-rich circumstellar shells are
found.
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