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ABSTRACT

In order to study properties of the pulsation in the infrared emission for long period variables, we
collect and analyze the infrared observational data at L band for 12 OH/IR. The observation data cover
about three decades including recent data from the IS0 and Spitzer. We use the Marquardt-Levenberg
algorithm to determine the pulsation period and amplitude for each star and compare them with results
of previous investigations at infrared and radio bands. We obtain the relationship between the pulsation
periods and the amplitudes at L band. Contrary to the results at K band, there is no difference of
the trends in the short and long period regions of the period-luminosity relation at L band. This may
be due to the molecular absorption effect at K band. The correlations among the L band parameters,
TRAS [12-25] colors, and K band parameters may be explained as results of the dust shell parameters
affected by the stellar pulsation. The large scatter of the correlation could be due to the existence of a
distribution of central stars with various masses and pulsation modes.
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1. INTRODUCTION

OH/IR stars are believed to be the final phase of an
oxygen-rich asymptotic giant branch (AGB) star show-
ing OH maser emission at 1612 MHz. These stars are
generally Mira type variables characterized by the long
period and large amplitude pulsation. Shock waves
caused by the strong pulsation and radiation pressure
on the dust grains drive dusty stellar winds with high
mass-loss rates (10~% - 10~*Mg /yr). The central stars
have optically thick dust envelopes.

The central stars have a rather wide range of masses
and pulsate with various pulsation modes (Barthes &
Luri 2001). It is known that the pulsating central star
can affect not only the overall luminosity but also the
shape of the spectral energy distribution (SED). This
means that the overall properties of the dust shell vary
with the phase of pulsation. Le Bertre (1988) mod-
eled the dust shell at different phase of a carbon-rich
AGB star (R For). Suh (2002) discussed a mechanism
for crystallization of dust grains through the pulsation.
Suh (2004) proposed three possible dust models to ex-
plain the SED changes for O-rich AGB stars. The study
of the precise pulsation mechanisms may provide the
clues to understand the fundamental quantities (mass,
luminosity, radius etc.) of the central stars.

Spitzer space telescope (Spitzer), lunched in 2003,
has the Infrared Array Camera (IRAC) designed for ob-
servations of faint sources and deep large-area surveys
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Table 1.
The sample stars

OH name IRAS R.A.(J2000) Dec.(J2000) Ref.
h:m:s d:m:s

26.2—0.6 18385—-0617 18 41 14.3 —06 15 00.6 S
26.4—1.9 18437—0643 18 46 26.8 —06 40 34.1 S
26.5+0.6 18348—-0526 18 37 32.5 —05 23 59.7 S
28.7—0.6 18431—-0403 18 45 48.4 —04 00 46.8 S
30.1-0.2 18445—0238 18 47 09.8 —02 35 36.2 S
30.7+0.4 18432—0149 18 45 52.4 —01 46 42.8 S
32.8—0.3 18498—-0017 18 52 22.2 —00 14 11.0 E
39.9+40.0 1901740608 19 04 09.7 406 13 15.9 S
42.3—-0.1 1906740811 19 09 08.3 +08 16 33.7 S
45.5+40.1 - 19 14 19.6 +11 10 35.0 E
127.840.0 0130446211 01 33 51.2 +62 26 53.0 E

178.0—31.4 03507+1115 03 53 28.8 +11 24 22.6 L
(IK Tau)

S=Sevenster et al. 2001; E=Engels & Jiménez-Esteban 2007;
L= Loup et al.1993.

(Fazio et al. 2004). The IRAC has four channels that
can obtain the broadband images with high sensitivity
at 3.6, 4.5, 5.8, and 8.0 um simultaneously. The IRAC
data at 3.55 pm would be useful to improve L band
light curves.

Suh & Kwon 2009a (hereafter paper I) investigated
the K band light curves for 9 OH/IR stars. In this
paper, we present the light curves at L band for selected
12 OH/IR stars including the 9 stars from paper I.
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Table 2.
The L band observations for the sample stars

Reference 26.2-0.6

26.4-1.9

26.5+0.6 28.7-0.6 30.1-0.2 30.74+0.4

Schultz et al. (1976) 1 1(1)
Lebofsky et al. (1978) . .
Evans & Beckwith (1977)
Ney & Merrill (1980)
Werner et al. (1980) . .
Engels (1982) 11 11(1)
Willems & de Jong (1982) 2
Grasdalen et al. (1983) . .
Fix & Mutel (1984) . 1
Herman et al. (1984) 1 1
Gehrz et al. (1985) 3 4
Jones et al. (1990) .
Nyman et al. (1993) 1 1
Le Bertre (1993)
Lepine et al. (1995)
Olivier et al. (2001)
Justtanont et al. (2006) .
IS0 1 .
Spitzer 1 1

1 1 . 1
1

w
w

1

o

11(1) 10 11 11

RN

. 3 . 5
11(2) . .
1 1 1 1
15
1
16 . . .
1(1) . . 1(1)
2

(1%) (1%) (1%) (1%)

total number 19 22(2)

78(5) 17(1) 18(1) 21(2)

Reference

32.8-0.3
Strecker & Ney (1974) .
Lebofsky et al. (1976) .
Schultz et al. (1976) 1
Evans & Beckwith (1977) 2
Ney & Merrill (1980) .
Werner et al. (1980) 1 .
Engels (1982) 11 10
Grasdalen et al. (1983)
Fix & Mutel (1984) . .
Herman et al. (1984) 1 1
Gehrz et al. (1985) . 3
Persi et al. (1990) .
Jones et al. (1990)
Fouque et al. (1992)
Noguchi (1993) . .
Nyman et al. (1993) 1 1(1)
Le Bertre (1993)
Olivier et al. (2001)
Justtanont et al. (2006)
1S5S0
Spitzer

1

1(1)

===

39.940.0

42.3-0.1 45.54-0.1 127.84-0.0 IK Tau

1

SR

1 15(1)

N}
=
o

15
. 105(1)
1 .

2 1(1)

[V
(=}

total number 17(2)

15(1) 21(1) 22 145(2)

* : saturated (see text)

We analyze the light curves to find relevant pulsation
parameters and discuss the physical meaning.

2. SAMPLE STARS

In this paper, we choose 12 OH/IR stars having a
wide range of pulsation periods. The sample stars are
listed in Table 1 with the IRAS PSC number, the ra-
dio position and the references for the position. We
include 3 more stars (OH 32.8-0.3, OH 42.3-0.1 and IK
Tau) compared to paper I. The pulsation periods of the
sample stars range between 300 days and 2000 days.

Infrared Space Observatory (ISO) provides us with
useful data for light curves. We use flux density at
3.6 um of the Short Wavelength Spectrometer (SWS)

with the wide wavelength coverage (A = 2.4 — 45.2um)
and ISOPHOT (PHT). PHT has two different detec-
tors; PHT-P and PHT-S. PHT-S has two low-resolution
grating spectrometers that cover the wavelength ranges
2.5-4.9 pm (PHT-SS) and 5.8-11.6 pm (PHT-SL). In
this work, We use the PHT-SS data at 3.6 um.

In Table 2, we list the number of data used for this
paper. We use the original data without further reduc-
tion although the exact wavelengths for each bandpass
used by many authors are slightly different. We con-
sider that the difference would not make major errors.
The numbers of unused data for the analysis to deter-
mine the pulsation parameters are marked by paren-
thesis (see Section 3).

Compared with previous investigations, we use much
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Table 3.
Photometry of Spitzer observations

Name Obs. time Flux Note
y-m-d [mJy]
26.2—0.6 2004 04 21 2570 G
26.4—1.9  2007-05-11 5180 G
26.54+0.6  2004-04-21 6550 S
28.7—0.6  2004-04-22 2960 S
30.1-0.2 2004-04-22 2210 S
30.7+0.4  2004-04-22 1910 S
32.8—0.3  2004-04-22 4940 G
39.940.0  2004-10-09 1300 Gt
42.3—0.1 2003-10-02 194
42.3—0.1  2004-10-09 619
45.54+0.1  2004-10-10 2150 el

t: lower limit (see text)

larger database because of the recent ISO, Spitzer,
and ground-based observations. The range of time for
the database is about 30 years and the data points are
increased more than 50 percent from the investigation
of Engels (1982). For OH 26.5+0.6, the data is about 6
times larger than that used by Engels (1982). Because
of the larger data base, the new pulsation parameters
would show much smaller errors.

To obtain the standard flux in W/m? for all the data,
we use the zero-magnitude calibrating methods. The
zero-magnitude calibrating data are taken from the re-
lated references.

2.1 The Spitzer Data

The Galactic Legacy Infrared Mid-Plane Survey Ex-
traordinaire (GLIMPSE, Benjamin et al. 2003), a
Spitzer Legacy Science Program, surveyed a span of
130 degrees in longitude and 2-4 degrees in latitude of
our galactic plan with the IRAC on the Spitzer. As the
IRAC 3.55 um band share similarity with the standard
L band, we use the data for our analysis.

All the sample stars except IK Tau and OH 127.84-0.0
were observed by the GLIMPSE survey and OH 42.3-
0.1 was observed twice. We use the Basic Calibrated
Data (BCD) for photometry. Bright sources in the
IRAC make electronic artifacts such as saturation,
muxbleed, and column pull-down. The sensitivity of
IRAC is too high to observe one of the brightest ob-
jects in the infrared sky. Therefore, the bright OH/IR
stars are saturated easily.

Only one star (OH 42.3-0.1), the faintest stars at L
band among the sample stars, is not saturated. The
fluxes of OH 42.3-0.1 are extracted using the aperture
photometry package in IRAF. All the other sources
show very low flux density level caused by satura-
tion. According to GLIMPSE3D v1.0 Data Release
Document*, the saturation limit for GLIMPSE is 7

*http://www.astro.wisc.edu/sirtf/docs.html.

mag at 3.55 micron band. Although OH 42.3-0.1 is
slightly brighter than this limit, the photometry is us-
able. The photometry of this star falls in the error
range of the photometry using point spread function
(PSF) of GLIMPSE (see below).

The photometry of some softly saturated stars can
be extracted in the wing regions.* The flux density can
be obtained if the source is within a circle of a radius
of 24-pixel (the PSF-shape region) surrounding a satu-
rated source (GLIMPSE3D). We use the corrected flux
density of the softly saturated sources (5 sources) from
the three GLIMPSE source catalogs at NASA/TPAC
Infrared Science Archive (IRSA) web site.! But this
method can not resolve all the saturation problems. We
find that more heavily saturated sources (OH 39.9+0.0
and OH 45.5+0.1) show much lower flux density level
even by this method. In Table 3, we present the results
of photometry of the Spitzer observations. The let-
ter S in the last column indicates the highly saturated
source and the letter G indicates the source listed in
the GLIMPSE source catalogs.

For the 4 highly saturated sources, the Spitzer data
(marked by an asterisk in Table 2) are not used. The 7
Spitzer data points of the 6 stars are used for the light
curves (see Table 2). For the 2 stars (OH39.9+0.0 and
OH45.5+0.1), the Spitzer data are not used for analy-
sis but presented in the light curves as lower limits.

3. RESULTS AND DISCUSSION

In Figs. 1(a) to 1(d), we present L band light
curves for the 12 stars. The data points are marked
by different symbols for each observation and the best
fitting sinusoidal curve is marked by a solid line in each
panel.

We performed the light curve fitting using the ob-
servational data at L band for 12 sample stars. For
curve-fitting of the observation data, we have used the
Marquardt-Levenberg algorithm to find the coefficients
of the individual variables. This algorithm gives the
best fit values between the sinusoidal equation and the
data. By analyzing the light curves, we determine the
new pulsation parameters. We assume that there is no
long-term trends caused by a secondary period within
the time range of collected observational data. The
data points that do not follow the common trend are
not used for determination of the pulsation parame-
ters. The unused data points for analysis are marked
by parenthesis in Table 2 and the light curves.

For OH 42.3-0.4, we do not use a data point from
Gehrz et al. (1985) because of large uncertainty. Gehrz
et al. had examined the probabilities for source con-
fusion, and found that OH 28.7-0.6 and OH 42.3-0.2
are faint enough at L band to be confused with field
stars. Although the data have possibility for confusion,
all data follow the general trend except one data point

Thttp://irsa.ipac.caltech.edu/index.html.
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Fig. 1(a).— L band light curves of OH/IR stars
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Fig. 1(b).— (continued)



128 Y.-J. KWON, & K.-W. SUH

L e e e e L L o s e e e e e e T N o o s e o e LA e
I OH32.8-0.3 (L Band) ® Schultzetal. 1976 A Engels 1982 4 1SOSWso1 R
410  Period: 1671 + 14 (day) W Evans & Beckwith 1977 O Hermanetal. 1984 £  Justtanont et al.2006 ]
T Amplitude : 0.70 = 0.049 v Werner et al. 1980 <& Nymanetal. 1993 O  Spitzer (GLIMPSE) ]
o ]
12 A -
[ - ]
L ° ]
114 o4
L A ]
& sl i
£ [
B L
u’ F S 1
= 18 © B
> [ ]
2 L ]
a L ]
-12.0 -
L o ]
122 -
L a ]
124 v B
A ~ ]
M2F e T
2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000
JD 2440000+
L e e L B e e L e o e s s e e B s e e e e
12+ OH_39-9+0<0 (L Band) A Engels 1982 & Nyman etal. 1993 =
| Peno_d 1773 + 5.0 (day) v Gehrzetal 1985 O Spitzer (GLIMPSE)
Amplltuds :0.31« &025 O Hermanetal. 1984 M Justtanont et al. 2006
L o |
L } |
114 -
L q |
A | ]
=
w116 N u
~<
o
o
35 |
118 |
L v H
L (o) ]
4 4
22 F (©) 4
Lot v e e U e e b 1
3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000
JD 2440000+
L B e e e e e e B T e o e L B e e e s
L OH_ 42.3-0.1 (L Band) A Engels 1982 O Hermanetal. 1984 &  Nyman et al. 1993 O Spitzer ]
120 _Penoq :1738 + 29 (day) v Gehrzetal. 1985 @ Fix & Mutel 1984 ® Justtanont et al. 2006 a
~ [" Amplitude : 0.38 + 0.073
122 -
L * o 1
".‘E - A B
2 124
‘»‘<: I 1% 1
e N
- L 4
126 - -
L L |
v |
-12.8 F g
+ (V) 1
TR TSN ST SISV N NSNS SNATAS HATANT U ST ST ST AN ST TR SAVESATATAN SV UNRATRA N S S SN MRS i
3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000
JD 2440000+

Fig. 1(c).— (continued)
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Fig. 1(d).— (continued)
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Table 4.
New periods and amplitudes

Object Period [days] Amplitude [mag] m [mag]
This work  Previous work Radio This work  Previous work  Radio This work

OH262  113418.0 1330450 1181£13 2.2+0.2 2.05 1.05  4.28+0.16

OH26.4 49143.7 540420 652426 1.540.1 1.45 0.44  3.5940.11

OH26.5  1566+7.8 16302100 156616 2.6+0.1 2.43 113 1.5140.09

OH28.7 65749.1 640410 627417 1.640.1 1.28 0.83  2.8640.07

OH30.1 93248.8 970440 853421 1.840.2 1.72 0.81  3.2340.13

OH30.7 115025 114030 1039427 2.640.2 2.32 0.57  4.9940.18

OH32.8 1671414 1750130 1536410 3.540.2 3.29 1.24  5.45+0.18

OH39.9 77345.0 770420 823445 1.640.1 1.54 0.8 4.87+0.11

OH42.3 1738429 1650-:150 1945483 1.940.4 1.04 0.36  6.9620.30

OH45.5 71144.9 720420 760431 1.840.2 1.71 0.92  4.1340.12

OHI127.8 1522411 15374181 19944130 1.940.1 2.15+0.21 1.47  2.4540.20

1K Tau 46840.67 47047* 455.6£5.7 1.140.1 - 1.33  -1.86+0.04

t = Suh & Kim 2002; j=Hale et al. 1997.

. . . 4.0
observed at Kitt Peak National Observatory. This ex-
ceptional data was not used to determine the pulsation sl e s3: Jones ot al, 1990 N
parameters. . ;:::Zrekwg& Olivier et al. 2001)
A data point of OH 30.7+0.4 observed by Justtanont o
et al. (2006) is not used for the light curve analysis. asl ) . o
The position of this stars in their paper is not matched g o
. . = o N a
with OH 30.7+0.4. It seems that they observed a dif- g 20f ‘Y : e e
ferent star (OH 30.55+0.28). £ . et
. . . < 151 °
Table 4 lists the new pulsation parameters obtained o &
. . . . (a)
in this paper and determined by previous authors for 10l Aﬁgjﬂ“ A @
. . . N [AY
comparison. The pulsation parameters in the column of ba L0 °
. . L A
previous works were obtained from Engels et al. (1983) o P
and those of the radio band were derived from the OH ok
maser observations by Herman & Habing (1985). We : : : : : : ‘ ‘
24 25 26 27 28 29 3.0 31 32 33

use the parameters of 2 stars (OH 127.8+0.0 and IK log (Period [day] )

Tau) from Suh & Kim (2002) and Hale et al. (1997),
respectively. In this paper, we obtain the new parame-
ters with much smaller standard deviation errors than
previous works.

3.1 The Period and Amplitude Relation

Fig. 2 presents the period-amplitude relation (P-
A relation) for 12 OH/IR, stars obtained in this paper
and 45 stars from previous investigations (Engels et al.
1983; Jones et al. 1990; Le Bertre 1993; Olivier et
al. 2001). We find a linear P-A relation: Amp(L) =
3.24 x log(Pr) — 7.78 obtained from 55 Mira LPVs.
Data points unused due to high scatter from the general
trend are marked by parenthesis. This relation at L
band is generally similar to that of K band; Amp(K) =
3.17 x log(Pr) — 6.89.

Contrary to paper I, there is no difference of the
trends in the short and long period regions. This may
be due to the molecular absorption effect at K band
(see paper I).

Fig. 2.— Period vs Amplitude at L band

3.2 The Comparison with the TRAS Color

Fig. 3 shows that the periods have a correlation with
IRAS [12-25] colors. In Fig. 3, we present additional
data from Chen et al. 2001. They show a large scatter.
The period and [12-25] color reflect the mean density
of a central star and the optical depth of dust shell,
respectively. Therefore the correlation between period
and TRAS color is the result of a dust shell driven by
stellar pulsation. As an OH/IR star evolves with the
increasing pulsation period, the dust shell would be-
come thicker with the increasing IRAS [12-25] color.
The large scatter in the correlation may be explained
by the existence of a distribution of central stars with
various masses and pulsation modes (Barthes & Luri
2001).
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Fig. 3.— Period vs IRAS [12-25] color

3.3 The Comparison with the K Band Data

The results at L band agree with the pulsation pa-
rameters at K band obtained in paper I. Figs. 4 and 5
display the periods and amplitudes of the eleven com-
mon sample stars presented in paper L.

The pulsation periods are very similar to those at K
band. The relationship between periods from different
bands is nearly linear; log(Pk) = 0.9888 X log(PL) +
0.0346. The only star showing a considerable difference
is OH 30.7+0.4. This star has about 150 days longer
period than that of K band. This discordant result
could be due to low quality observational data as the
source is quite faint at K band (10.38 to 12.48 mag).

The amplitude also show a linear relation between
K and L bands. As is general in pulsating stars, the
amplitudes at shorter wavelength (K band) appear to
be larger than those at longer one (L band). There
are 3 stars showing an appreciable difference in Fig. 5.
These stars are faint sources (fainter than about 10.5
mag) at K band.

4. CONCLUSIONS

We have collected and analyzed the infrared obser-
vational data at L band for 12 OH/IR stars. The obser-
vation data cover about three decades including recent
data from the IS0 and Spitzer.

We have determined the pulsation parameters of the
sample stars and compared them with previous results
of the infrared and radio investigations. Because of the
larger data base, the new pulsation parameters show
much less errors than previous investigations. We find
that the period-amplitude relation at L band shows no
difference with the trends in the wide period region.

The effect of molecular lines at the L band wave-
length region is relatively minor (Suh & Kwon 2009b).
Therefore, the L band light curves would be more
reliable for determining the pulsation parameters of

Log(Period_L)

26 28 30 32 3.4
Log(Period_K)

Fig. 4.— Periods at K and L band
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Fig. 5.— Amplitudes at K and L band

OH/IR stars. We expect that future observations at
L band would be helpful to improve our knowledge of
OH/IR stars.

ACKNOWLEDGMENTS

This work was supported by the Korea Science
and Engineering Foundation (KOSEF) grant funded
by the Korea government (MEST) (No.R01-2008-000-
20002-0). This research has made use of the SIMBAD
database, operated at CDS, Strasbourg, France and the
NASA/ TIPAC Infrared Science Archive, which is oper-
ated by the Jet Propulsion Laboratory, California In-
stitute of Technology, under contract with the National
Aeronautics and Space Administration.

REFERENCES

Barthes, D., & Luri, X. 2001, Period-Luminosity-
Colour Distribution and Classification of Galactic



132 Y.-J. KWON, & K.-W. SUH

Oxygen-rich LPVs II. Confrontation with Pulsation
Models, A& A, 365, 519

Benjamin, R. A., Churchwell, E., Babler, B. L., Bania,
T. M., Clemens, D. P., Cohen, M., Dickey, J. M., In-
debetouw, R., Jackson, J. M., Kobulnicky, H. A., &
10 coauthors. 2003, GLIMPSE. I. An SIRTF Legacy
Project to Map the Inner Galaxy, PASP, 115, 953

Chen, P. S., Szczerba, R., Kwok, S., & Volk, K. 2001,
Properties of OH/IR Stars with IRAS LRS Spectra,
A&A, 368, 1006

Engels, D. 1982, Zur Natur von OH/IR - objekten,
(Bonn; Duemmlers Verlag0)

Engels, D., & Jiménez-Esteban, F. 2007, Lifetime of
OH Masers at the Tip of the Asymptotic Giant
Branch, A&A, 475, 941

Engels, D., Kreysa, E., Schultz, G. V., & Sherwood,
W. A. 1983, The Nature of OH/IR, Stars. I - Infrared
Mira variables, A&A, 124, 123

Evans, N. J. II, & Beckwith, S. 1977, New Infrared
Objects Associated with OH Masers, ApJ, 217, 729

Fazio, G. G., Hora, J. L., Allen, L. E. et al. 2004, The
Infrared Array Camera (IRAC) for the Spitzer Space
Telescope, ApJS, 154, 10

Fix, J. D., & Mutel, R. L. 1984, Radio and Infrared
Observations of Optically Invisible Type IT Hydroxyl
Masers, AJ, 89, 406

Fouque, P., Le Bertre, T., Epchtein, N., Guglielmo, F.,
& Kerschbaum, F. 1992, Near-Infrared Photometry
of a Sample of IRAS Point Sources, A&AS, 93, 151

Gehrz, R. D., Hackwell, J. A., Grasdalen, G. L., Klein-
mann, S. G., & Mason, S. 1985, Infrared Spectra
and Interstellar Reddening of Anonymous Type II
OH/IR Stars, ApJ, 290, 296

Grasdalen, G. L., Gehrz, R. D., Hackwell, J. A., Caste-
lasz, M., & Gullixson, C. 1983, The Stellar Compo-
nent of the Galaxy as Seen by the AFGL Infrared
Sky Survey, 1983, ApJS, 53, 413

Hale, D. D. S., Bester, M., Danchi, W. C., Hoss, S.,
Lipman, E., Monnier, J. D., Tuthill, P. G., Townes,
C. H., Johnson, M., Lopez, B., & Geballe, T.R. 1997,
Multiple Dust Shells and Motions around IK Tauri
as Seen by Infrared Interferometry, ApJ, 490, 407

Herman, J., & Habing, H. J. 1985, Time Variations and
Shell Sizes of OH Masers in Late-Type Stars, A&AS,
59, 523

Herman, J., Isaacman, R., Sargent, A., & Habing, H.
1984, IR Observations of OH/IR Stars, A&A, 139,
171

Jones, T. J., Bryja, C. O., Gehrz, R. D., Harrison,
Th.E., Johnson, J. J., Klebe, D. 1., & Lawrence,
G. F. 1990, Photometry of Variable AFGL Sources,
AplJS, 74, 785

Justtanont, K., Olofsson, G., Dijkstra, C., & Meyer, A.
W. 2006, Near-Infrared Observations of Water-Ice in
OH/IR Stars, A&A, 450, 1051

Le Bertre, T. 1988, Optical and Infrared Observations
of the Carbon Mira R Fornacis - Dust Shell Mod-
elling as a Function of Phase, A&A, 190, 79

Le Bertre, T. 1993, Oxygen-Rich Late-Type Star
Lightcurves in the 1-20 Microns Range, A&AS, 97,
729

Lebofsky, M. J., Kleinmann, S. G., Rieke, G. H., &
Low, F. J. 1976, An Observational Study of the
AFCRL Infrared Sky Survey. II - Present Results
of a New Program to Study the Final Catalog, ApJ,
206, 157

Lebofsky, M. J., Sargent, D. G., Kleinmann,S. G., &
Rieke, G. H. 1978, An Observational Study of the
AFCRL Infrared Sky Survey. III - Further Searches
for AFCRL/AFGL Sources and an Evaluation of the
Contents of the Mid-Infrared Sky, ApJ, 219, 487

Lepine, J. R. D., Ortiz, R., & Epchtein, N. 1995,
OH/IR Stars: Near-Infrared Photometry, and Dis-
cussion of the Mira-OH /IR Sequence, A&A, 299, 453

Loup, C., Forveille, T., Omont, A., & Paul, J. F.
1993, CO and HCN Observations of Circumstellar
Envelopes. A Catalogue - Mass Loss Rates and Dis-
tributions, A&AS, 99, 291

Ney, E. P., & Merrill, K. M. 1980, Study of Sources in
AFGL Rocket Infrared Study, Air Force Geophysical
Laboratory, AFGL-TR-80-0050

Noguchi, K., Qian, Z., Wang, G., & Wang, J. 1993, In-
frared Spectra and Circumstellar Emission of IRAS
Sources with Ten-Micron Silicate Absorption, PASJ,
45, 65

Nyman, L.-A., Hall, P. J., & Le Bertre, T. 1993, In-
frared and SiO Maser Observations of OH/IR Stars,
A&A, 280, 551

Olivier, E. A., Whitelock, P., & Marang, F. 2001, Dust-
Enshrouded Asymptotic Giant Branch Stars in the
Solar Neighbourhood, MNRAS, 326, 490

Persi, P., Ferrari-Toniolo, M., Ranieri, M., Marenzi, A.,
& Shivanandan, K. 1990, Infrared Photometry up to
34 Microns of the Type II OH/IR Sources OH 127.8
- 0.0 and OH 345.0 + 15.7, A&A, 237, 153

Schultz, G. V., Kreysa, E., & Sherwood, W. A. 1976,
The Discovery of Some Infrared Counterparts of
Type IT OH/IR Sources, A&A, 50, 171

Sevenster, M. N., van Langevelde, H. J., Moody, R. A.,
Chapman, J. M., Habing, H. J., & Killeen, N. E. B.
2001, The ATCA/VLA OH 1612 MHz Survey. III
Observations of the Northern Galactic Plane, A&A,
366, 481

Strecker, D. W., & Ney, E. P. 1974, 0.9-18-Micron Pho-
tometry of the 14 CIT Objects, AJ, 79, 1410

Suh, K.-W. 2002, Crystalline Silicates in the Envelopes
and Discs around O-Rich AGB Stars, MNRAS, 332,
513



THE L BAND LIGHT CURVES OF OH/IR STARS

Suh, K.-W. 2004, Pulsation Phase-Dependent Dust
Shell Models for Oxygen-rich Asymptotic Giant
Branch Stars, ApJ, 615, 485

Suh, K.-W., & Kim, H.-Y. 2002, Modeling IR Spectra
of OH/IR Stars at Different Phases, A&A, 391, 665

Suh, K.-W., & Kwon, Y.-J. 2009a, Properties of the
Variation of the Infrared Emission of OH/IR Stars
I. The K Band Light Curves, JASS, 26, 279

Suh, K.-W., & Kwon, Y.-J. 2009b, A Catalog of AGB
Stars in IRAS PSC, JKAS, 42, 81

Werner, M. W. Beckwith, S., Gatley, 1., & Sellgren, K.
1980, Simultaneous Far-Infrared, Near-Infrared, and
Radio Observations of OH/IR Stars, ApJ, 239, 540

Willems, F., & de Jong, T. 1982, Infrared Observations
of OH/IR Stars, A&A, 115, 213

133



