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Abstract

IRAS source 19312+1950 (hereafter I19312) is an infrared point source with maser emissions of SiO, H2O, and
OH molecules. Although initial observations suggested that I19312 might be an evolved star, its characteristics are
not fully consistent with this classification. This study aims to further investigate the nature of I19312 by
conducting long-term monitoring of its maser emissions and comparing the results with other known astrophysical
objects. We conducted long-term monitoring of SiO, H2O, and OH maser emissions using single-dish radio
telescopes. The results were then compared with historical maser data and the characteristics of similar objects to
infer the possible origin of I19312. The SiO maser emissions from I19312 were detected over a wide velocity range
and exhibited significant time variability. The OH maser lines suggest characteristics of an evolved star, while the
H2O maser lines indicate molecular outflows. These features suggest that I19312 could be a candidate for a water
fountain star, though there are inconsistencies, such as the large molecular gas mass, that challenge this hypothesis.
The possibility of I19312 being a red nova remnant (RNR) is also considered, but this remains speculative due to
the lack of direct evidence. The evolutionary stage of I19312 remains unclear, but it shares multiple characteristics
with both evolved stars with peculiar properties and RNRs. Further long-term monitoring and high-resolution
interferometric observations are required to better constrain the nature of this object.

Unified Astronomy Thesaurus concepts: Circumstellar masers (240); Molecular spectroscopy (2095); Radio
astronomy (1338); Circumstellar envelopes (237)

1. Introduction

Maser emissions of SiO, H2O, and OH molecules have been
detected in the IRAS source 19312+1950 (hereafter referred to
as I19312; J. Nakashima & S. Deguchi 2000; J. Nakashima
et al. 2011). IRAS sources where maser emissions of SiO, H2O,
and OH molecules are detected (especially when SiO maser
emissions are present) are often evolved stars with active mass
loss, such as asymptotic giant branch (AGB) stars or red
supergiants (RSGs). Indeed, various observations have been
conducted on I19312, and many of the results align well with
the characteristics of an evolved star with a cool circumstellar
envelope.

However, not all observed properties match those of an
evolved star. For instance, mapping observations in the CO
radio line using the Nobeyama 45 m telescope (J. Nakashima
et al. 2016) revealed that the total mass of molecular gas ranges
between 225 and 478Me, which is considerably large. Such a
massive accumulation of molecular gas is difficult to explain
with a single AGB star or RSG. However, the same observation
showed that the CO gas is isolated near I19312, suggesting it is
different in nature from a young stellar object (YSO) within a
star-forming region. The point-symmetric nebula observed at

the near-infrared bands also exists in isolation (S. Deguchi et al.
2004; K. Murakawa et al. 2007), and the shape and isolation of
the nebula seems to match well the expected characteristics of
an evolved star. Methanol lines have been detected from
I19312 (S. Deguchi et al. 2004; J. Nakashima et al. 2015).
While methanol is often detected in YSOs, it has been also
detected in an evolved star as well (H. Olofsson et al. 2017),
indicating that methanol is not a definitive factor for
distinguishing between an evolved star and a YSO.
The distance to I19312 obtained from the annual parallax

measurement using very long baseline interferometry
(VLBI;3.80 0.58

0.83
-
+ kpc) imposes significant constraints on the

YSO scenario. Considering this distance, the total infrared flux
of I19312 excludes the possibility of it being a low-mass YSO
(J. Nakashima et al. 2016). Furthermore, all YSOs detected so
far with SiO masers are massive YSOs (R. Barvainis &
D. P. Clemens 1984; L. A. Zapata et al. 2009; S.-H. Cho et al.
2016), and massive YSOs generally have associated H II
regions. If an H II region were present, radio continuum
emission from free–free radiation or the Brγ line should be
detected, but these features are not observed in I19312 (see,
e.g., J. Nakashima et al. 2011). Additionally, in massive YSOs,
the OH maser emission at 1665 and 1667MHz (i.e., main lines)
is typically brighter than the 1612MHz line (i.e., satellite lines;
H. J. Habing 1996). However, in I19312, the 1612MHz line is
brighter than the main lines (J. Nakashima et al. 2011).
Moreover, radio observations of molecular lines suggest a
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relatively high abundance of 13C compared to 12C (S. Deguchi
et al. 2004; J. Nakashima et al. 2004; J.-J. Qiu et al. 2023).
Considering these observational characteristics comprehen-
sively, I19312 tends to exhibit properties more similar to an
evolved star than a YSO. However, even though the possibility
of it being a YSO is low, there are still some observational
properties that cannot be easily explained by a typical evolved
star. It has been proposed that I19312 may be a rare case of an
evolved star existing in a star-forming region with the same
line-of-sight velocity (J. Nakashima et al. 2016), but from a
probabilistic standpoint, this possibility does not seem very
likely.

Another interpretation, different from evolved stars and
YSOs, is that I19312 might be a red nova remnant (RNR; see,
e.g., T. Kamiński et al. 2018). A red nova is an explosive event
that occurs when two main-sequence stars merge (note: it has
also been suggested that a merger involving evolved stars also
may trigger a red nova event; see, e.g., T. Kamiński et al. 2018,
and references therein), and after the red nova merger event, a
cool molecular envelope is known to form (called an RNR).
Additionally, SiO masers have been detected from an RNR
(S. Deguchi et al. 2005; M. J. Claussen et al. 2007). To date,
five RNRs have been confirmed: CK Vul (T. Kamiński et al.
2015), V1309 Sco (R. Tylenda et al. 2011; R. Tylenda &
T. Kamiński 2016), OGLE-2002-BLG-360 (R. Tylenda et al.
2013), V838 Mon (R. Tylenda & N. Soker 2006; T. Kamiński
et al. 2021), and V4332 Sgr (R. Tylenda et al. 2015). In the
case of these objects, the fact that they are RNRs is well
supported by the direct observation of explosive events caused
by stellar mergers. On the other hand, there is no definitive
evidence that I19312 experienced an explosive event in the past
(J.-J. Qiu et al. 2023). The infrared characteristics of RNRs and
evolved stars are very similar, and in the absence of a record of
a red nova event, it is difficult to distinguish RNRs from
evolved stars based on infrared characteristics alone. One
suggests that a significant number of RNRs could be
contaminated with evolved stars (T. Kamiński et al. 2020).

In this study, we conducted long-term monitoring observa-
tions in the SiO, H2O, and OH maser lines toward I19312 using
single-dish radio telescopes. We also combined the present
observation results with all previous maser observations of
I19312 and compared them with the maser characteristics of
astrophysical objects with similarities to I19312. At the time

when SiO masers were detected from I19312 in 2000, SiO
masers were primarily known to be detected from evolved stars
and a small number of YSOs. However, over the more than
20 yr since then, SiO maser emissions have been detected from
several new types of objects, including RNRs. In this paper, we
discuss the origin of I19312 by comparing its maser
characteristics with those of these new types of SiO maser
sources.

2. Observations and Data Reduction

I19312 was observed from 2018 February to September
using the Nançay Radio Telescope (NRT) to monitor the four
OH maser lines (1612, 1665, 1667, 1720MHz). Additionally,
observations were conducted from 2018 January to 2020 May
using the 21 m single-dish telescopes of the Korean VLBI
Network (KVN). The SiO v= 1, J= 1–0, 2–1, 3–2, and v= 2,
J= 1–0 (rest frequencies are 43.122 GHz, 86.243 GHz,
129.363 GHz, and 42.821 GHz, respectively), and H2O
61,6 − 52,3 (rest frequency is 22.235 GHz) maser lines were
observed using the KVN single-dish telescope. The position of
I19312 used for the maser observations and the observed maser
lines are summarized in Table 1. Table 2 lists the observation
dates, where “TD” denotes the total number of days counted

Table 1
Target Position and Observed Lines

Target Source R.A. (J2000) Decl. (J2000) Note
(hh mm ss.ss) (dd mm ss.s)

IRAS 19312+1950 19 33 24.25 +19 56 55.7 2MASS position

Molecule Transition Frequency (GHz) Velocity Coverage (km s−1) Telescope

OH 2II3/2 J = 3/2 F = 1–2 1.612 −1.0 ∼ 71.2 NRT
2II3/2 J = 3/2 F = 1–1 1.665 0.1 ∼ 70.0 NRT
2II3/2 J = 3/2 F = 2–2 1.667 0.2 ∼ 70.0 NRT
2II3/2 J = 3/2 F = 2–1 1.721 1.2 ∼ 68.9 NRT

H2O 61,6 − 52,3 22.235 −179.2 ∼ 251.4 KVN

SiO v = 1, J = 1–0 43.122 −29.6 ∼ 192.0 KVN
v = 2, J = 1–0 42.821 −124.6 ∼ 98.5 KVN
v = 1, J = 2–1 86.243 −74.9 ∼ 146.8 KVN
v = 1, J = 3–2 129.363 −37.8 ∼ 109.9 KVN

Table 2
Date of Observations

KVN (SiO, H2O) NRT (OH)

Date Julian Date TD Date Julian Date TD
(yyyy-mm-dd) (yyyy-mm-dd)

2018-01-03 2458122 0 2018-02-02 2458152 30
2018-03-10 2458188 66 2018-03-30 2458208 86
2018-05-16 2458255 133 2018-05-02 2458241 119
2018-09-08 2458370 248 2018-07-28 2458328 206
2018-11-03 2458426 304 2018-07-29 2458329 207
2019-01-06 2458490 368 2018-09-17 2458379 257
2019-03-03 2458546 424 2018-09-18 2458380 258
2019-10-04 2458761 639 2018-09-30 2458392 270
2020-01-10 2458859 737 L L L
2020-03-29 2458938 816 L L L
2020-05-29 2458999 877 L L L

Note. TD: Total number of days since the start of monitoring observations
(2018 January 3).
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from 2018 January 3, when the present monitoring observation
began.

The NRT is a transit telescope, with a half-power beamwidth
(HPBW) at 1.6 GHz of 3.¢5 in R.A. by 19¢ in decl. The system
temperature was typically 35K, and observations were carried out
in the frequency-switching mode. The 8192-channel digital
autocorrelator was divided into eight banks of 1024 channels
each, enabling the simultaneous observation of the four transitions
in both left- and right-handed circular (LHC and RHC)
polarizations. A bandwidth of 0.78MHz was employed for each
bank. The spectra were Hanning-smoothed during reduction,
resulting in a velocity resolution of∼0.13–0.14km s−1 for the four
OH lines. The ratio of flux to antenna temperature was 1.4 K Jy−1

at 0o decl. The instrumental polarization is regularly checked by
the NRT staff, and the uncertainty in the absolute flux density is
∼10%. The temporal variations in the four OH lines in total flux
density (Stokes I) and circularly polarized flux density (StokesV )
can be determined from the flux densities F of both circular
polarizations in each frequency channel of the spectrum analyzer,
as described in V. I. Slysh et al. (2010): Stokes I was calculated as
F(RHC) + F(LHC).

The KVN receiver optics system was configured for
simultaneous observations in four bands, namely, the H2O
22GHz and SiO 43, 86, and 129GHz bands (see the KVN
Status Report7). The average HPBW/aperture efficiencies for
the four bands were 123″/0.58 (22 GHz), 62″/0.61 (43 GHz),
32″/0.50 (86 GHz), and 23″/0.35 (129 GHz). A position-
switching mode was adopted, with pointing and focus checked
approximately every 2–3 hr by observing nearby strong SiO
maser sources. A high-electron-mobility transistor receiver was

used for the 22, 43, and 86 GHz bands, while a super-
conductor–insulator–superconductor receiver was used for the
129 GHz band. Both receivers could simultaneously receive
both LCP and RCP circular polarization (S.-T. Han et al. 2013),
although only the LCP was observed in this study. The system
noise temperature of 22, 43, 86, and 129 GHz bands was
maintained within the range of 80–250 K (22 GHz), 100–280 K
(43 GHz), 200–400 K (86 GHz), and 140–630 K (129 GHz),
depending on weather conditions and elevation of the target
source. Digital spectrometers with a 32MHz bandwidth were
used for the 22 GHz and 43 GHz bands, and with a 64MHz
bandwidth for the 86 GHz and 129 GHz bands. The velocity
coverage and resolutions were 440 and 0.11 km s−1 (22 GHz),
222 and 0.05 km s−1 (43 GHz), 222 and 0.05 km s−1 (86 GHz),
and 148 and 0.036 km s−1 (129 GHz). To improve the signal-
to-noise ratio (SNR), the spectra were Hanning-smoothed to a
velocity resolution of ∼0.43 km s−1. The intensity was
calibrated using the chopper wheel method to correct for
atmospheric attenuation and variations in antenna gain,
followed by sky dipping curve analysis to correct the
atmospheric opacity above the antenna, yielding the antenna
temperature *TA . The conversion factors from K to Jy are
13.8 Jy K−1 (22 GHz), 13.1 Jy K−1 (43 GHz), 15.9 Jy K−1

(86 GHz), and 22.8 Jy K−1 (129 GHz).

3. Results

3.1. Observational Results of OH Maser Lines and
Comparison with Past Observations

The four OH maser lines (1612MHz, 1665MHz,
1667MHz, and 1720MHz lines) were observed eight times
over 241 days (see Table 2). The observation results of the OH

Table 3
Summary of OH Line Observations

Line Date Vmin Vmax Vrange Fpeak Vpeak Fint rms SNR
(yyyy-mm-dd) (km s−1) (km s−1) (km s−1) (Jy) (km s−1) (Jy km s−1) (Jy)

OH 1612 MHz 2018-02-02 10.60 38.83 28.23 0.92 28.62 6.76 0.05 20.05
2018-03-30 11.59 38.40 26.81 0.47 28.76 2.76 0.04 10.89
2018-05-02 10.17 38.97 28.80 0.97 27.62 7.05 0.03 28.41
2018-07-28 10.32 38.69 28.37 0.81 28.76 4.08 0.04 21.57
2018-07-29 10.32 38.69 28.37 0.68 28.76 3.34 0.04 16.25
2018-09-17 11.45 38.97 27.52 0.80 28.90 3.86 0.05 17.72
2018-09-18 11.59 38.40 26.81 0.81 28.62 4.29 0.06 13.65
2018-09-30 11.31 30.18 18.87 0.85 29.04 4.01 0.10 8.21

OH 1665 MHz 2018-02-02 29.51 38.71 9.20 0.28 32.25 1.80 0.04 6.97
2018-03-30 L L L

*

0.14
*

58.07
*

0.14 0.04 3.37
2018-05-02 29.37 38.16 8.79 0.23 32.53 1.40 0.03 6.95
2018-07-28 29.23 38.98 9.75 0.22 29.92 1.31 0.04 5.96
2018-07-29 L L L

*

0.24
*

30.06
*

1.46 0.05 4.77
2018-09-17 29.51 39.26 9.75 0.25 29.78 1.53 0.04 6.87
2018-09-18 L L L

*

0.29
*

32.67
*

1.50 0.07 4.36
2018-09-30 L L L

*
0.41

*
36.79

*
1.20 0.13 3.17

OH 1667 MHz 2018-02-02 29.24 43.92 14.68 0.24 34.73 1.18 0.04 5.77
2018-03-30 L L L

*

0.16
*

35.96
*

0.42 0.04 3.61
2018-05-02 33.08 45.43 12.35 0.23 34.59 1.49 0.03 6.95
2018-07-28 28.69 36.65 7.96 0.28 34.45 1.35 0.03 8.38
2018-07-29 33.22 45.01 11.80 0.29 34.86 2.02 0.05 6.03
2018-09-17 30.47 45.15 14.68 0.29 34.45 1.52 0.04 8.25
2018-09-18 L L L

*

0.36
*

35.27
*

1.97 0.10 3.51
2018-09-30 L L L

*

0.40
*

33.90
*

2.16 0.08 4.81

Note. As a result of visually inspecting the data, we identified features that fall below 5σ but are likely to be detected, and these are marked with an asterisk (*).

7 https://radio.kasi.re.kr/status_report.php
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1612, 1665, and 1667MHz lines are summarized in Table 3.
Table 3 includes the observation date, the minimum and
maximum radial velocities (Vmin and Vmax) of the channels
where the line emission was detected, the velocity range
(Vrange) of the line emission, the peak flux density (Fpeak), the
line-of-sight velocity at the flux density peak (Vpeak), the
integrated flux density (Fint), the rms noise level, and the SNR
at the flux density peak of each line.Vmin andVmax are the values
obtained from the range of channels where the detected signal
exceeds 5σ. However, in the visual inspection of the spectra,
some features were clearly detected even though their SNR
slightly fell below 5σ. These cases are marked with an asterisk
“
*
” in the table to distinguish them from values obtained from

channels above 5σ. The 1720MHz line was not detected, so
only the rms noise is listed in Table 4.

Figures 1, 2, and 3 show the spectra of the OH 1612, 1665,
and 1667MHz lines, respectively. The OH 1612MHz line
(satellite line) and the OH 1665 and 1667MHz lines (main
lines) were clearly detected in these observations (except for
one day with very poor weather conditions). The satellite line
was found to be stronger than the main lines in both peak flux
density and velocity-integrated flux density. The line intensity
ratio between the satellite line and the main lines is consistent
with past observations (J. Nakashima et al. 2011;
B. H. K. Yung et al. 2014).

The average spectra calculated from the spectra of all
observation days are shown in the lower panel of Figure 4. It is
evident that the velocity range in which emission is detected
varies from one transition to the other. The velocity range of
the OH 1612MHz line is about 10–40 km s−1, while that of the
OH 1665MHz line is about 26–40 km s−1 and that of the OH
1667MHz line is about 26–46 km s−1. A weak feature of the
1665MHz line may be detected at about 50 km s−1 (see
Figure 2). Other weak features of the main lines seem to exist
in the velocity range above 55 km s−1, but these are confirmed
to be radio frequency interference (RFI) that could not be
removed during the reduction process (note: RFI typically
appears as narrow features of about one channel and is detected
only on a single observation day).

Before the present observation, the OH maser lines at 1612,
1665, and 1667MHz were observed in 2000, 2003, and 2012
using the Arecibo radio telescope, MERLIN, and the Effelsberg
100m telescope (J. Nakashima et al. 2011; B. H. K. Yung et al.
2014). The velocity ranges of each OH maser line obtained from
these observations are displayed in the upper panel of Figure 4 for
comparison. Additionally, to confirm changes in the line profiles,
the spectra from past observations and the current observation are
arranged chronologically in Figures 5, 6, and 7. In the Arecibo
observation, the OH 1612MHz line was detected in the velocity

range of approximately 11–34 km s−1. The OH 1665 and
1667MHz lines were detected in the velocity ranges of
approximately 23 km s−1–45 km s−1 and 17 km s−1–47 km s−1,
respectively. In the Effelsberg 100m telescope observation, the
OH 1612MHz line was detected in the velocity range of
10 km s−1–37 km s−1, and the OH 1665MHz and 1667MHz
lines were detected in the velocity ranges of 30 km s−1–46 km s−1

and 28 km s−1–46 km s−1, respectively (note: careful inspection
of the spectra published in the past paper reveals that weak
features appear to be detected outside the velocity range reported
by the authors. These are indicated by dashed lines in Figure 4).
Comparing the spectra obtained from past observations with those
from the present observation, it is evident that a new peak has
appeared around 38 km s−1 in the spectrum of the 1612MHz line.
On the other hand, there was no significant change in the velocity
range in which the 1665 and 1667MHz lines were detected.
Summarizing the overall trend of OH maser lines over the past
20 yr, the satellite line (1612MHz line) is detected in a relatively
low velocity range (blueshifted with respect to the systemic
velocity), while the main lines (1665 and 1667MHz lines) are

Table 4
Summary of OH 1720 MHz Line Observations

Line Date rms
(yyyy-mm-dd) (Jy)

OH 1720 MHz 2018-02-02 0.04
2018-03-30 0.04
2018-05-02 0.04
2018-07-28 0.04
2018-07-29 0.05
2018-09-17 0.03
2018-09-18 0.16
2018-09-30 0.17

Figure 1. Spectra of the OH 1612 MHz maser line of I19312 in Stokes I (blue
line) from 2018 February 2 to 2018 September 30. The red broken line is the
average of the spectra for all observation dates. The numbers in parentheses are
the total number of days counted from 2018 January 3, the start date of the
present monitoring observation. The green dotted vertical line represents the
systemic velocity (∼35 km s−1) of the broad component suggested by J. Nak-
ashima & S. Deguchi (2005) based on their BIMA observations in the CO
lines. The green arrows indicate emission peaks that show a rapid time
variation (see text). To display the line flux densities, individual scales for each
spectrum are provided on the left side in units of Jy. Additionally, a common
secondary scale is shown on the right side to facilitate reading the absolute flux
density values. Since the spectra from adjacent observation dates (2018 July
28–29, and 2018 September 17–18) are nearly identical, we present the
averaged spectrum as the representative spectrum here. The spectrum from
2018 July 28, is the average of the spectra obtained on 2018 July 28 and 29,
while the spectrum from 2018 September 17, is the average of the spectra from
September 17 and 18.
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detected in a relatively high velocity range (redshifted with respect
to the systemic velocity).

Close inspection of Figures 1, 2, and 3 reveals that the
intensities of many peaks change synchronously. For example,
in the spectrum of the OH 1612MHz line on 2018 February 2,
almost all peaks are above average intensity, while in the
spectrum on 2018 May 2, many peaks are below average
intensity. Similar trends are observed in the spectra of the 1665
and 1667MHz lines. However, some peaks exhibit exceptional
time variability. For instance, in the OH 1612MHz line, the
peaks around 27 km s−1 in the 2018 May 2 spectrum and
around 11 km s−1 in the 2018 February 2 spectrum (see peaks
marked with green arrows in Figure 1) were detected only on
specific observation days and disappeared within a short
timescale of 1–2 months. Similar situations are observed in the
OH 1665MHz line (see Figure 2). As we have sufficiently
confirmed that there is no RFI in the velocity range where these
peaks are detected, it is reasonable to consider the detected
signals to be of astronomical origin. Given their relatively fast
time variability, they are presumably unsaturated maser
emissions.

3.2. Observational Results of H2O Maser Lines and
Comparison with Past Observations

The 22.235 GHz H2O maser line and the four SiO masers
lines listed in Table 1 were simultaneously observed with the
21 m single-dish telescope of KVN. The observations were
conducted 11 times over 817 days (see Table 2, and the
observation results of the SiO masers are summarized in

Section 3.3). The H2O spectra are shown in Figure 8, and the
line parameters are summarized in Table 5. The meanings of
the parameters listed in Table 5 are essentially the same as
those in Table 3. However, as evident from Figure 8, the H2O
maser line exhibits a double-peak line profile, so in addition to
the parameters for the entire line, the parameters for the
redshifted and blueshifted components are listed separately.

Figure 2. Spectra of the OH 1665 MHz maser line of I19312 in Stokes I from
2018 February 2 to 2018 September 30. The notations are the same as in
Figure 1. Note that features caused by RFI, which could not be completely
removed during the reduction process, remain in the velocity range above
55 km s−1. These RFI-induced features are typically detected in only a single
channel and are observed only on specific observation days.

Figure 3. Spectra of the OH 1665 MHz maser line of I19312 in Stokes I from
2018 February 2 to 2018 September 30. Notations are the same as in Figure 1.
Note that features caused by RFI, which could not be completely removed
during the reduction process, remain in the velocity range above 55 km s−1.
These RFI-induced features are typically detected in only a single channel and
are observed only on specific observation days.

Figure 4. Upper panel: velocity ranges of previously detected OH maser lines.
The colors of the horizontal lines correspond to the legend in the lower panel.
The dashed parts of the horizontal lines represent the visually corrected
velocity range (see main text). Bottom panel: comparison of the averaged OH
maser lines (Stokes I) obtained in the present observations.
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From Figure 8, it can be seen that the H2O maser line is
detected in the range of about 22–42 km s−1 (the blueshifted
component is from about 22 to 28 km s−1, and the redshifted
component is from about 38 to 42 km s−1). The observations
cover a velocity range from −180 to 250 km s−1, but outside
the range shown in Figure 8, no other features were found
except for a weak signal detected at about 78 km s−1 on 2019
March 3 (corresponding to 0.049 Jy at a peak of 3.2σ). The
spectra clearly show that both the redshifted and blueshifted
components exhibit significant time variability. Until 2019
January, the intensity of the blueshifted component remained

strong, but after that, the intensities switched, and the
redshifted component became stronger. The blueshifted
component shows a strong peak at 26 km s−1, with relatively
weaker peaks at 25 and 28 km s−1. The blueshifted comp-
onent at 26 km s−1 began increasing in intensity around 2018
March, reaching its peak in mid-May. Afterward, the
intensity gradually decreased until it completely disappeared
by 2019 March. The redshifted component shows a single
strong peak around 40 km s−1, without any additional weaker
peaks appearing during the observation period, unlike the
blueshifted component.

Figure 5. Time evolution of the OH 1612 MHz maser spectra of I19312 over the last 20 yr. Arecibo and MERLIN data are taken from J. Nakashima et al. (2011), and
Effelsberg data are taken from B. H. K. Yung et al. (2014). The date of observation (YYMMDD) is given for each spectral line. The green dotted vertical line
represents the systemic velocity of I19312 (∼35 km s−1). To display the line flux densities, individual scales for each spectrum are provided on the left side in units of
Jy. Additionally, a common secondary scale is shown on the right side to facilitate reading the absolute flux density values.
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The 22.235 GHz H2O maser line has been observed seven
times over the past 20 yr excluding the current observation
(J. Nakashima & S. Deguchi 2000, 2007; M. Shintani et al.
2008; J. Nakashima et al. 2011; B. H. K. Yung et al.
2013, 2014; J. Kim et al. 2016). Some of the past observations
included monitoring observations over periods of 2–3 yr
(M. Shintani et al. 2008; J. Kim et al. 2016). Figure 9 shows
all the spectra obtained from past observations and the spectra
obtained from the present observations in chronological order.
From Figure 9, it can be seen that, except for the detection of a
line near the systemic velocity in 2001 February, the line

generally exhibits a double-peak profile. Additionally, from
2000 to 2012, a wider velocity interval double-peak profile
(with a relatively stronger blueshifted component) was
observed, but it changed to a narrower velocity interval
double-peak profile from around 2012 to 2015. The intensity of
the 16–17 km s−1 component became very strong between
2004 and 2006, then gradually weakened, eventually disap-
pearing completely on 2015 May 18. Interestingly, during the
weakening process after 2006, the line intensity briefly
increased again, showing a second, weaker peak around 2011
March 13.

Figure 6. Time evolution of the OH 1665 MHz maser spectra of I19312 over the last 20 yr. Arecibo data are taken from J. Nakashima et al. (2011), and Effelsberg
data are taken from B. H. K. Yung et al. (2014). The date of observation (YYMMDD) is given for each spectral line. The green dotted vertical line represents the
systemic velocity of I19312 (∼35 km s−1). Past spectra are magnified along the vertical axis to view line profiles. Magnification is given to the right of the observation
date. To display the line flux densities, individual scales for each spectrum are provided on the left side in units of Jy. Additionally, a common secondary scale is
shown on the right side to facilitate reading the absolute flux density values.
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3.3. Observational Results of SiO Maser Lines and
Comparison with Past Observations

Figures 10 and 11 show the spectra of the SiO maser lines at
42.821, 43.122, and 86.243. Tables 6, 7, and 8 summarize the
line parameters. The meanings of the parameters listed in the
tables are the same as those in Table 3.

The 42.821 GHz SiO maser line (v = 2, J = 1–0) was
detected in 10 out of 11 observation epochs, except for 2018
September 8. Basically, the line profile of this maser line is a
single peak, with the radial velocity of the intensity peak

confirmed to be around 55 km s−1. However, in the spectrum
obtained on 2018 November 3, a weak feature appears to be
present around 58–65 km s−1. During the observation period,
the component at 55 km s−1 suddenly increased in flux density
on 2018 May 16. Interestingly, the flux density of the
22.235 GHz H2O maser line, as described in Section 3.2, also
showed an increase in intensity around the same time (i.e.,
2018 March), though this was observed in the blueshifted
component at 25 km s−1 (see Figure 8). The timescale of the
intensity variation of this line is short, and the amplitude of the

Figure 7. Time evolution of the OH 1667 MHz maser spectra of I19312 over the last 20 yr. Arecibo data are taken from J. Nakashima et al. (2011), and Effelsberg
data are taken from B. H. K. Yung et al. (2014). The date of observation (YYMMDD) is given for each spectral line. The green dotted vertical line represents the
systemic velocity (∼35 km s−1). Past spectra are magnified along the vertical axis to view line profiles. Magnification is given to the right of the observation date. To
display the line flux densities, individual scales for each spectrum are provided on the left side in units of Jy. Additionally, a common secondary scale is shown on the
right side to facilitate reading the absolute flux density values.
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intensity variation is larger compared to other maser lines, as
seen from the figure. After the sudden intensity increase on
May 16, the intensity dropped below the detection limit by
September 8, and then weak features reappeared about four
months later. The 43.122 GHz SiO maser line (v = 1, J = 1–0)
was detected in 8 out of the 11 observation epochs, excluding
the first three epochs (see Figure 10). The radial velocity of the
intensity peak was about 53 km s−1 (see Table 6). The intensity
of the 43.122 GHz SiO maser line also showed clear time
variability during the observation period, particularly becoming
stronger in the latter half of the observation period. Compared
to the 42.821 GHz SiO maser line, the 43.122 GHz SiO maser
line was relatively weak. It is noteworthy that when the
intensity of the 42.821 GHz line suddenly increased on 2018
May 16, there was no significant change in the intensity of the
43.122 GHz line.

The 86.243 GHz SiO maser line (v = 1, J = 2–1) was
detected in 5 observation epochs (see Figure 11). The radial
velocity of the intensity peak varied from about 30 to
52 km s−1. However, the detected features were very weak,
and some of the emission peak detections were tentative, so
only Fpeak, Vpeak, and Fint are listed in Table 7. The
129.363 GHz SiO maser line (v = 1, J = 3–2) was not
detected in this observation. Only the rms noise level is given
in Table 8 for this line.

There have been six reported observations of SiO maser lines
over the past 20 yr (J. Nakashima & S. Deguchi 2000, 2007;
S. Deguchi et al. 2004; J. Nakashima et al. 2011; J. Kim et al.
2016; J.-J. Qiu et al. 2023). Figures 12, 13, and 14 show the
spectra obtained from past observations and the spectra
obtained from this observation in chronological order. From
the spectra observed around 2000–2001, it can be seen that
emission components were detected on the blueshifted side
relative to the systemic velocity for all lines. However, since
2002, it can be seen that emissions have been detected almost
exclusively on the redshifted side (the 86 GHz line almost
disappeared). The J = 1–0 v= 1 and v= 2 lines often show a
single peak on the redshifted side relative to the systemic
velocity, but the radial velocity of the emission peak is not
entirely constant and varies within a range of a few kilometers
per second.

3.4. Intercomparison of Averaged Spectra

Figure 15 shows a comparison of the averaged spectra of the
1612MHz OH maser line, the 42.821 GHz and 43.122 GHz
SiO maser lines, and the 22.235 GHz H2O maser line.
For comparison, the spectrum of the CO J = 1–0 line
(J. Nakashima & S. Deguchi 2005) is also plotted in this figure.
From past interferometric observations (J. Nakashima &
S. Deguchi 2005) and model analyses (K. Murakawa et al.
2007; J.-J. Qiu et al. 2023), it is known that the molecular gas
envelope of I19312 contains two kinematic components,
known as the narrow component and the broad component (see
Figure 16). The narrow component is a molecular flow that
slowly moves in the bipolar direction, while the broad
component is a small, approximately spherically symmetric
expanding component. In the right panel of Figure 16, the CO
line emission profiles of the narrow and broad components
created from the model (J.-J. Qiu et al. 2023) are compared
with the velocity ranges of the maser lines. From Figure 16, it
is evident that the velocity range of the masers extends beyond
the range that can be interpreted as the narrow component.
Although the absolute positions of the maser line emission
sources in I19312 have not been determined, from a velocity
perspective, it can be inferred that the OH, H2O, and SiO
masers are likely associated with the broad component.

4. Discussion

When the SiO maser emission was first detected from I19312
in 2000, it was initially suggested that this object could be an
AGB star or a post-AGB star (J. Nakashima & S. Deguchi 2000).
However, subsequent observations revealed that I19312 could not
be interpreted as a typical AGB star or post-AGB star. Instead,
interpretations such as an evolved star with unique properties like
OH 231.8+4.2 or W43A (J. Nakashima et al. 2011), an RSG
(J. Nakashima et al. 2016), a YSO (M. A. Cordiner et al. 2016), or
an RNR (J. Nakashima et al. 2011) have been proposed.
However, so far, no interpretation has been able to fully explain
all the observational properties of I19312. In the following, based
on previous discussions of the origin of I19312, we will use the
results of our maser monitoring observations and previous maser
observational data to see how far we can constrain the origin of
I19312. The discussion here will first summarize the issues of
interpreting it as an evolved star with active mass loss
(Section 4.1) and as a YSO (Section 4.2). Then, we will consider
individually the objects that have some similarity to I19312

Figure 8. Spectra of the H2O 22.235 GHz line of I19312 from 2018 January to
2020 May. Notations are the same as in Figure 1.
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(Section 4.3). In reviewing the literature discussing the origin of
I19312, it is clear that the fact that most known SiO maser sources
are identified as evolved stars with active mass loss was the
starting point for past discussions of the origin of I19312.
Therefore, based on the previous discussions, we will first discuss
the properties of SiO masers in each section, and then discuss the
observational properties of other maser lines (and some additional
observational properties).

4.1. Comparison with Mass-losing Evolved Stars

At the time when the SiO maser emission line was detected
from I19312 in 2000, most of the SiO maser sources found in
the sky were considered to originate from evolved stars. This
was the main reason why I19312 was initially suggested to be
an AGB star or a post-AGB star. Indeed, by 2000, more than
1000 SiO maser sources were already known, but the only SiO
maser sources clearly identified as objects other than evolved
stars were the YSOs in three high-mass star-forming regions:
Ori KL, W51 North, and Sgr B2 (L. E. Snyder & D. Buhl 1975;
A. D. Haschick 1985).

The SiO maser emission lines (v = 1&2 J = 1–0; v = 1
J = 2–1) detected from I19312 with the Nobeyama 45 m
telescope in 2000 showed relatively broad profiles centered
around 20 km s−1 in the v= 1 J = 1–0 and v = 1 J = 2–1
lines. This kind of line profile is occasionally seen in AGB
stars. However, the v = 2 J = 1–0 line exhibited a double-peak
profile with peaks around 25 and 55 km s−1. Such double-peak
profiles are relatively rare, except for the apparent double maser
sources found in the densely packed star regions toward the
Galactic center (S. Deguchi et al. 1999). A unique example,
W43A, discussed in Section 4.3.2, shows a similar double-peak
profile (J. Nakashima et al. 2011). Figures 12 and 13 show all
the spectra of the v = 1&2 J = 1–0 lines observed in the past
in chronological order. From these figures, it is clear that the
double-peak line profile was observed only between around
2000 and 2004, and since then, the blueshifted component has
not been detected. Also, looking at the velocities of the
detected emission peaks in the past, the SiO maser emission
peaks of both the v = 1&2 J = 1–0 lines are distributed over a
velocity range of about 40 km s−1 from around 15 to
55 km s−1. In the circumstellar envelopes of AGB stars, dust
particles begin to condense at a distance of approximately 2–3

Table 5
Summary of H2O Maser Line Observations

Line Date Vmin Vmax Vrange Fpeak Vpeak Fint rms SNR
(yyyy-mm-dd) (km s−1) (km s−1) (km s−1) (Jy) (km s−1) (Jy km s−1 ) (Jy)

H2O 22.235 GHz 2018-01-03 23.04 23.89 0.84 0.97 23.47 2.76 0.14 6.93
2018-03-10 22.83 40.53 17.70 5.24 25.78 10.90 0.14 37.43
2018-05-16 24.10 28.31 4.21 31.74 25.78 47.61 0.41 77.41
2018-09-08 24.31 27.68 3.37 14.90 25.57 28.29 0.28 53.21
2018-11-03 24.31 27.68 3.37 8.69 25.15 20.29 0.14 62.07
2019-01-06 24.31 28.10 3.79 3.31 27.68 8.97 0.14 23.64
2019-03-03 24.31 41.16 16.85 5.52 40.32 12.70 0.28 19.71
2019-10-04 39.05 40.32 1.26 4.97 39.48 8.97 0.28 17.75
2020-01-10 39.48 40.74 1.26 2.35 39.48 4.83 0.28 8.39
2020-03-29 39.48 40.74 1.26 3.31 40.32 4.97 0.28 11.82
2020-05-29 39.48 40.32 0.84 4.42 39.90 5.24 0.41 10.78

H2O 22.235 GHz (blueshifted component) 2018-01-03 23.04 23.89 0.84 0.97 23.47 1.38 0.14 6.93
2018-03-10 22.83 26.63 3.79 5.24 25.78 7.04 0.14 37.43
2018-05-16 24.10 28.31 4.21 31.74 25.78 46.09 0.41 77.41
2018-09-08 24.31 27.68 3.37 14.90 25.57 26.91 0.28 53.21
2018-11-03 24.31 27.68 3.37 8.69 25.15 18.08 0.14 62.07
2019-01-06 24.31 28.10 3.79 3.31 27.68 8.28 0.14 23.64
2019-03-03 24.31 28.10 3.79 1.52 27.26 4.28 0.28 5.43
2019-10-04 L L L L L L 0.28 L
2020-01-10 L L L L L L 0.28 L
2020-03-29 L L L L L L 0.28 L
2020-05-29 L L L L L L 0.41 L

H2O 22.235 GHz (redshifted component) 2018-01-03 L L L L L L 0.14 L
2018-03-10 40.11 40.53 0.42 1.93 40.11 0.27 0.14 13.79
2018-05-16 L L L L L L 0.41 L
2018-09-08 L L L †1.52 †40.74 †0.09 0.28 5.43
2018-11-03 L L L †0.97 †41.16 †0.14 0.14 6.93
2019-01-06 L L L

*
0.55

*
36.53

*
0.06 0.14 3.93

2019-03-03 39.48 41.16 1.69 5.52 40.32 0.63 0.28 19.71
2019-10-04 39.05 40.32 1.26 4.97 39.48 0.58 0.28 17.75
2020-01-10 39.48 40.74 1.26 2.35 39.48 0.26 0.28 8.39
2020-03-29 39.48 40.74 1.26 3.31 40.32 0.34 0.28 11.82
2020-05-29 39.48 40.32 0.84 4.42 39.90 0.44 0.41 10.78

Note. As a result of visually inspecting the data, we identified features that fall below 5σ but are likely to be detected, and these are marked with an asterisk (*). In
addition, signals that exceed 5σ but are detected in only one channel and suspected to be artificial are marked with a dagger symbol (†). These signals are not treated as
genuine signals in the paper.
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times the radius of the photosphere. The radiation from the
central star exerts pressure on the dust particles, driving a
spherical stellar wind. SiO masers are known to be emitted
from regions near where the dust condenses (V. Bujarrabal
et al. 2007; M. D. Gray et al. 2009). In these regions, the
outward-moving dust particles accelerate the surrounding
molecular gas, dragging it outward under radiation pressure.
However, maser emission is not amplified in the direction of
gas acceleration; instead, it is primarily beamed perpendicular
to the acceleration. As a result, in spherically expanding
circumstellar envelopes, the line-of-sight velocities of SiO
maser intensity peaks are typically within 2–3 km s−1 of the
systemic velocity of the central star (P. R. Jewell et al. 1991).
The SiO maser emission lines of I19312 are sparsely detected
over a wide velocity range of 40 km s−1. This observational
fact is inconsistent with the properties of SiO masers emitted
from spherically expanding envelopes (i.e., AGB star winds).
SiO maser emission lines are also commonly detected from
RSGs (L. Verheyen et al. 2012). In RSGs, the intensities of the
v = 1 J = 1–0 and v = 1 J = 2–1 lines are generally brighter
than the v = 2 J = 1–0 line (see, e.g., L. Verheyen et al. 2012).

However, during the past 20 yr, the SiO masers in I19312 have
shown larger intensities in v= 2 J = 1–0 than the v = 1
J = 1–0 and v = 1 J = 2–1 lines. Then, the SiO maser
emission lines in RSGs often show line profiles with wider
velocity widths compared to those of AGB stars due to the
higher mass loss rate (L. Verheyen et al. 2012). The SiO maser
emission lines of RSGs are typically detected continuously
over a wide velocity range (see, e.g., T. K. T. Fok et al. 2012).
Again, the observational properties of the SiO masers of
I19312 differ from those of RSGs.
Next, we consider the properties of the OH maser lines. The

1612 MHz OH maser profile shown in Figure 1 is clearly different
from the line profile shown by spherically expanding envelopes.
Unlike SiO masers, the 1612MHz OH masers are distributed
hundreds of times the radius of the photosphere (P. F. Bowers
et al. 1983). In such regions far from the central star, the
acceleration mechanism due to radiation from the central star does
not work, and the gas is considered to be moving outward at a
constant terminal velocity (H. J. Habing 1996). In such situations,
unlike SiO masers, maser amplification is possible in the radial
direction. As a result, the 1612MHz OH masers associated with

Figure 9. Time evolution of the H2O 22.235 GHz maser spectra of I19312 over the last 20 yr. Nobeyama, MERLIN, VERA, KVN, and Effelsberg data were taken
from J. Nakashima & S. Deguchi (2000, 2007), S. Deguchi et al. (2004), J. Nakashima et al. (2011), M. Shintani et al. (2008), J. Kim et al. (2016), B. H. K. Yung et al.
(2013, 2014), respectively. The date of observation (YYMMDD) is given for each spectral line. The intensity of the maser lines is given in Jy units, the conversion
factors from Jy to K are 2.67 Jy K−1 (H. Imai et al. 2023), 20 Jy K−1 (M. Shintani et al. 2008) and 13.8 Jy K−1 (J. Kim et al. 2016) for Nobeyama 45 m, VERA 20 m
and KVN 21 m, respectively. The green dotted vertical line represents the systemic velocity of I19312 (∼35 km s−1). To display the line flux densities, individual
scales for each spectrum are provided on the left side in units of Jy. Additionally, a common secondary scale is shown on the right side to facilitate reading the absolute
flux density values.
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spherically expanding envelopes often show double-peak line
profiles with peaks at the redshifted and blueshifted sides of the
envelope. However, it is also known that as the star evolves, the
morphology and motion of the circumstellar envelope may
deviate from spherically symmetric expansion, resulting in
relatively irregular line profiles (R. M. Deacon et al. 2004). Thus,
the line profile of the OH maser line in I19312 is similar to that of
an evolved star that is slightly more evolved than the AGB phase.

The intensity ratio of the three OH maser lines detected from
I19312 tends to support the evolved star properties as
mentioned in Section 1. Comparing the emission intensities
of the OH satellite line (i.e., the 1612MHz line) and the main
lines (the 1665 and 1667MHz lines), the intensity of the
satellite line has exceeded that of the main lines throughout the
observation period. OH maser sources are broadly classified
into two types: Type I and II. In Type I, the main line intensity
is stronger than the satellite line intensity, and in Type II, the
satellite line intensity is stronger than the main line intensity.

The OH main lines (at 1665 and 1667MHz) are produced by
transitions between the hyperfine levels of the ground state of
the OH molecule. It is widely accepted that these transitions are
radiatively pumped, with the population inversion being driven
by incoming radiation at wavelengths of 35 and 53 μm within
the gas system (D. F. Dickinson 1987). In addition to incoming
continuum radiation, line overlap of molecules other than OH
and collisional pumping could also be relevant. It is known that
about 80% of the evolved stars with both the main line and
satellite line of OH detected simultaneously are Type II (see,
e.g., B. M. Lewis 2000). Furthermore, to the best of our
knowledge, there are currently no known OH maser sources
other than evolved stars that exhibit solid Type II properties.
However, the pumping mechanisms of OH masers are not yet

fully understood (see, e.g., H. J. Habing 1996; J. H. He 2005)
and it is difficult to completely rule out the possibility of Type
II OH masers occurring in objects other than evolved stars,
especially from objects with circumstellar environments similar
to those of evolved stars. For example, it has recently been
shown that Type II OH maser may be present in the YSOs
(A. Hafner et al. 2024).
Regarding the H2O maser, the wider double peak observed

before 2012, which shifted to a narrower double peak after
2018, may be interpreted as the result of variations in the mass-
loss process. Variations in the maser profile may trace changes
in the conditions for maser excitation when density and/or
velocity variations reach the maser emission regions.

4.2. Comparison with Young Stellar Objects

One of the object groups where SiO maser emission lines are
detected other than evolved stars is YSOs. As mentioned above,
when SiO masers were detected from I19312 in 2000, SiO maser
emission lines had been detected from three YSOs in high-mass
star-forming regions. Over the following 20 yr, the number of
detected SiO maser emissions from YSOs increased, and
currently, SiO masers have been detected from a total of eight
YSOs (S.-H. Cho et al. 2016), all of which are YSOs in high-
mass star-forming regions. SiO maser lines detected in evolved
stars generally exhibit emission peaks within a very narrow
velocity range near the systemic velocity (typically within
2–3 km s−1; P. R. Jewell et al. 1991). In contrast, the spectrum of
SiO maser lines detected in YSOs often shows emission peaks
distributed over a wider velocity range than in the case of
evolved stars, and it frequently exhibits irregular or double-

Figure 10. Spectra of the SiO 42.821 GHz and SiO 43.122 GHz maser lines of
I19312 from 2018 January to 2020 May. Notations are the same as in Figure 1.

Figure 11. Selected spectra of the SiO 86.243 GHz line of I19312 from 2018
January to 2020 May. The red arrows represent emission peaks that were
considered likely to be detected. Other notations are the same as in Figure 1.
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peaked line profiles (L. A. Zapata et al. 2009; S.-H. Cho et al.
2016). In the case of SiO masers of I19312, as shown in
Figures 12 and 13, emission peaks appear at velocities away
from the systemic velocity, and based on the SiO maser profile
alone, it can be said that the characteristics are closer to those of
YSOs rather than typical AGB stars (it should be noted that in
the case of evolved stars, a double-peaked profile has also been
detected in WF, as shown in Section 4.3.2).

Regarding H2O masers, in the case of YSOs, H2O masers
often accompany high-velocity molecular outflows, and it is

sometimes observed that the detected velocity range exceeds
100 km s−1 (see Table 4 in H. Fan et al. 2024). However, even
in evolved stars, the line width can exceed 100 km s−1 (see
Section 4.3.2), so the line width of H2O masers alone cannot be
a decisive factor in determining whether an object is an evolved
star or a YSO. As for OH masers, as mentioned in Section 4.1,
to our knowledge, almost all OH masers detected from YSOs
are currently Type I. In terms of OH maser properties, I19312
is closer to the properties of an evolved star than to those of
a YSO.
All YSOs with detected SiO masers are associated with high-

mass star-forming regions and have H II regions nearby
(L. A. Zapata et al. 2009; S.-H. Cho et al. 2016). In the case
of I19312, nondetection of near-infrared Brγ lines and

Table 6
Summary of SiO Maser Line (42.821 and 43.122 GHz) Observations

Line Date Vmin Vmax Vrange Fpeak Vpeak Fint rms SNR
(yyyy-mm-dd) (km s−1) (km s−1) (km s−1) (Jy) (km s−1) (Jy km s−1 ) (Jy)

SiO 42.821 GHz 2018-01-03 53.88 54.76 0.88 0.52 54.32 0.79 0.13 4.00
2018-03-10 53.45 55.20 1.75 1.70 54.76 2.62 0.13 13.08
2018-05-16 53.88 55.20 1.31 4.19 54.32 4.59 0.26 16.12
2018-09-08 L L L L L L 0.13 L
2018-11-03 53.01 53.88 0.87 1.31 53.45 5.63 0.26 5.04
2019-01-06 L L L †0.79 †53.01 †0.79 0.13 6.08
2019-03-03 L L L †0.79 †54.76 †1.18 0.13 6.08
2019-10-04 54.32 55.64 1.31 1.70 54.76 5.24 0.26 6.54
2020-01-10 54.76 55.64 0.88 0.92 54.76 3.14 0.26 3.54
2020-03-29 54.76 56.07 1.31 1.18 55.64 5.76 0.26 4.54
2020-05-29 53.45 56.07 2.63 1.97 55.64 7.73 0.26 7.58

SiO 43.122 GHz 2018-01-03 L L L L L L 0.13 L
2018-03-10 L L L L L L 0.13 L
2018-05-16 L L L L L L 0.26 L
2018-09-08 L L L

*

0.39
*

53.82
*

1.31 0.13 3.00
2018-11-03 L L L

*
0.66

*
53.82

*
1.70 0.26 2.54

2019-01-06 L L L †0.66 †52.52 †0.00 0.13 5.08
2019-03-03 L L L †0.92 †52.52 †2.10 0.13 7.08
2019-10-04 L L L

*
1.18

*
53.38

*
3.93 0.26 4.54

2020-01-10 L L L †0.66 †53.38 †2.10 0.13 5.08
2020-03-29 52.08 53.38 1.30 1.31 52.52 3.14 0.26 5.04
2020-05-29 L L L

*

0.79
*

53.38
*

1.57 0.26 3.04

Note. As a result of visually inspecting the data, we identified features that fall below 5σ but are likely to be detected, and these are marked with an asterisk (*). In
addition, signals that exceed 5σ but are detected in only one channel and suspected to be artificial are marked with a dagger symbol (†). These signals are not treated as
genuine signals in the paper.

Table 7
Summary of SiO Maser Line (86.243 GHz) Observations

Line Date Fpeak Vpeak Fint rms SNR
(yyyy-
mm-dd) (Jy) (km s−1) (Jy km s−1 ) (Jy)

SiO 86.243 GHz 2018-01-03 L L L 0.16 L
2018-03-10

*

0.64
*

50.72
*

1.59 0.16 4.00
2018-05-16 L L L 0.48 L
2018-09-08

*

0.80
*

30.30
*

0.95 0.32 2.50
2018-11-03

*

0.80
*

45.94
*

3.98 0.17 4.71
2019-01-06 L L L 0.32 L
2019-03-03 L L L 0.16 L
2019-10-04 L L L 0.48 L
2020-01-10

*

1.11
*

51.59
*

5.41 0.32 3.47
2020-03-29 L L L 0.32 L
2020-05-29

*
1.11

*
52.02

*
1.43 0.32 3.47

Note. As a result of visually inspecting the data, we identified features that fall
below 5σ but are likely to be detected, and these are marked with an
asterisk (*).

Table 8
Summary of SiO Maser Line (129.363 GHz) Observations

Line Date rms
(yyyy-mm-dd) (Jy)

SiO 129.363 GHz 2018-01-03 0.23
2018-03-10 0.23
2018-05-16 1.14
2018-09-08 0.46
2018-11-03 0.23
2019-01-06 0.46
2019-03-03 0.46
2019-10-04 0.91
2020-01-10 0.46
2020-03-29 0.46
2020-05-29 0.68
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centimeter-wave free–free emission has been confirmed
(J. Nakashima et al. 2011). Additionally, as partly mentioned in
Section 1 the infrared structure of I19312 is completely isolated
and does not appear to be associated with nearby star-forming
regions (J. Nakashima & S. Deguchi 2000; K. Murakawa et al.
2007). K. Murakawa et al. (2007) estimated the stellar
temperature of I19312 around 2800 K and concluded that the
dust temperature is too low for that of a high-mass YSO

(F. Palla & S. W. Stahler 1999). Additionally, S. Deguchi et al.
(2004) and J.-J. Qiu et al. (2023) have pointed out that single-
dish radio spectroscopic observations suggest a high abundance
ratio of 13C in I19312. Due to the issue of optical thickness,
there is uncertainty in measuring the carbon isotope ratio from
carbon-bearing radio emission lines, but if the dominance of 13C
is true, it would be a strong factor against the YSO hypothesis.
Furthermore, the distance to I19312 also places strong

Figure 12. Time evolution of the SiO 42.821 GHz maser spectra of I19312 over the last 20 yr. The data were collected from the literature (see text). Nobeyama,
VLBA, and KVN data were taken from J. Nakashima & S. Deguchi (2000, 2007), S. Deguchi et al. (2004), J. Nakashima et al. (2011), J. Kim et al. (2016). The data of
observation (YYMMDD) is given for each spectral line. The conversion factors from Jy to K are 3.2 Jy K−1 (H. Imai et al. 2023) and 13.1 Jy K−1 (J. Kim et al. 2016)
for Nobeyama 45 m and KVN 21 m, respectively. The green dotted vertical line represents the systemic velocity of I19312 (∼35 km s−1). Past spectra are magnified
along the vertical axis to view line profiles. Magnification is given to the right of the observation date. To display the line flux densities, individual scales for each
spectrum are provided on the left side in units of Jy. Additionally, a common secondary scale is shown on the right side to facilitate reading the absolute flux density
values.
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limitations on the YSO hypothesis. Assuming the distance
obtained from the annual parallax of the H2O maser source by
VLBI (H. Imai et al. 2011), the bolometric flux corresponds to
about 21500 6900

9700
-
+ solar luminosities (see the Appendix). This

luminosity is generally considered too bright for the absolute
luminosity of a low-mass YSO (P. Hartigan et al. 1994;
B. A. Whitney et al. 2004). In conclusion, although more SiO
maser sources have recently been found in YSOs, we do not
believe that YSO can explain the nature of I19312.

4.3. Comparison with Other Types of Objects

Regarding the origin of I19312, early discussions primarily
focused on whether it was an evolved star or a YSO. However,
as the observational properties of I19312 have gradually
become clearer, specific objects and/or groups of specific
objects that share more common characteristics with I19312,
aside from typical evolved stars and YSOs, have come to be
considered as possible interpretations. Below, we will organize
the current situation on this issue, including new possibilities

Figure 13. Time evolution of the SiO 43.122 GHz maser spectra of I19312 over the last 20 yr. Nobeyama, VLBA, and KVN data were taken from J. Nakashima &
S. Deguchi (2000, 2007), S. Deguchi et al. (2004), J. Nakashima et al. (2011), J. Kim et al. (2016). The data of observation (YYMMDD) is given for each spectral line.
The conversion factors from Jy to K are 3.2 Jy K−1 (H. Imai et al. 2023) and 13.1 Jy K−1 (J. Kim et al. 2016) for Nobeyama 45 m and KVN 21 m, respectively. The
green dotted vertical line represents the systemic velocity (∼35 km s−1). Past spectra are magnified along the vertical axis to view line profiles. Magnification is given
to the right of the observation date. To display the line flux densities, individual scales for each spectrum are provided on the left side in units of Jy. Additionally, a
common secondary scale is shown on the right side to facilitate reading the absolute flux density values.
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beyond the previously discussed specific objects and object
groups, and discuss considerations related to the origin of
I19312.

4.3.1. OH 231.8+4.2

OH 231.8+4.2 (Rotten Egg Nebula) is known as a
protoplanetary nebula (V. Bujarrabal et al. 2002). This object
has been noted as potentially the same type as I19312 due to

the properties shared with I19312, such as the simultaneous
detection of radio molecular lines probing both carbon-rich and
oxygen-rich chemical environments (C. Sánchez Contreras
et al. 2000), the detection of SiO maser lines (J. Kim et al.
2019), and the association with extended infrared nebulosity
(J. Alcolea et al. 2001; J. Kim et al. 2019). However, the central
star of this object is a binary system (J. Kim et al. 2019), and
the SiO maser is believed to be emitted from the circumstellar
envelope of a Mira variable (QX Pup) within the binary system.

Figure 14. Time evolution of the SiO 86.243 GHz maser spectra of I19312 over the last 20 yr. Nobeyama and IRAM data were taken from J. Nakashima &
S. Deguchi (2000), S. Deguchi et al. (2004), J.-J. Qiu et al. (2023). The data of observation (YYMMDD) is given for each spectral line. The conversion factors from Jy
to K are 4.0 Jy K−1 (J. Nakashima & S. Deguchi 2007), 6.2 Jy K−1 (M. Messineo et al. 2003) and 15.9 Jy K−1 (J. Kim et al. 2016) for Nobeyama 45 m, IRAM 30 m
and KVN 21 m, respectively. The green dotted vertical line represents the systemic velocity (∼35 km s−1). Past spectra are magnified along the vertical axis to view
line profiles. Magnification is given to the right of the observation date. To display the line flux densities, individual scales for each spectrum are provided on the left
side in units of Jy. Additionally, a common secondary scale is shown on the right side to facilitate reading the absolute flux density values.
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The thermal line profiles of the SiO molecules (v= 0 J = 2–1)
detected from OH 231.8+4.2 show parabolic profiles typical of
AGB stars (J. Kim et al. 2019). For I19312, the results of the
maser monitoring observations, as shown in the figures in
Section 3, do not display the time variations typically
associated with Mira-type variable stars. Furthermore, the
Wide-field Infrared Survey Explorer (WISE) photometric data,
collected over a period of more than 3000 days, show a
constant luminosity within the limits of photometric accuracy,
further supporting the conclusion that I19312 is not a Mira-type
variable star. In this regard, the properties of the SiO maser
sources in I19312 and OH 231.8+4.2 fundamentally differ.
However, the SiO maser from OH 231.8+4.2 shows a line
profile with 2–3 brightness peaks within a 20 km s−1 range
centered around the systemic velocity, which differs from the
typical line profile of SiO masers emitted from spherically
expanding shells (J. Kim et al. 2019). This unique line profile
suggests that the circumstellar envelope of the Mira star within
the binary system deviates from a spherically symmetric
expansion pattern, possibly influenced by the gravitational field
(Roche lobe) of the binary system. If the central star of I19312
forms a binary system, a similar mechanism could potentially
affect the SiO maser profile of I19312.

The 1667MHz OH maser line of OH 231.8+4.2 is brighter
than the 1612MHz OH maser line, exhibiting the characteristics
of a Type I OH maser source. These OH lines are detected over a
wide velocity range, extending up to 100 km s−1 (M. Morris &
P. F. Bowers 1980). M. Morris & P. F. Bowers (1980) proposed
that a nonlocal infrared radiation field at 80 μm is responsible for
exciting the 1667MHz emission. This may suggest a difference in
the excitation conditions of the OH maser gas between I19312
and OH 231.8+4.2. The 1667MHz line profile shares similarities
with I19312, such as the absence of the double-peaked profile
typically seen in evolved stars and its detection over a broad
velocity range. M. Morris et al. (1982) reported, based on
observations with the Very Large Array, that the emission source
of the 1667MHz OH maser line forms a ring-like structure,
suggesting that the emission originates from the interaction region
between the AGB wind and the high-velocity outflow.

4.3.2. Water Fountains

Water fountains (WFs) are evolved stars in the transition
from the end of the AGB phase to the post-AGB phase, during

which the shape of the circumstellar envelope changes from
spherical to nonspherical (H. Imai et al. 2023). It is suggested
that SiO masers around post-AGB stars rapidly disappear
(B. M. Lewis 1989). However, WF are believed to be stars that
have just entered or are about to enter the post-AGB phase, and
indeed, weak SiO masers have been detected from W43A (see,
e.g., H. Imai et al. 2005), a prototypical WF (Note: the
disappearance of the SiO maser in W43A has been reported;
K. Amada et al. 2022). The SiO maser profile of W43A is
double-peaked, similar to the line profile of I19312’s SiO
maser (see, e.g., H. Imai et al. 2005). Recently, SiO masers
have also been detected from another WF, IRAS 16552−3050
(K. Amada et al. 2022). The SiO maser profile of IRAS 16552
−3050 is single-peaked, but the peak velocity is about
15 km s−1 redshifted compared to the systemic velocity
obtained from CO radio observations. The fact that the peak
velocity of the SiO maser deviates from the systemic velocity is
common among W43A, IRAS 16552−3050, and I19312. Not
all known WFs show SiO maser lines, but this is expected if we
consider that WFs are objects in the transition phase from the
AGB phase to the post-AGB phase.
The characteristic of WF is that there is a high-velocity

molecular bipolar outflow in the center of the circumstellar
envelope, mainly traced by H2O masers. Since the star has just
entered the post-AGB phase, a spherically symmetric AGB
wind still remains in the outer envelope, and the outer envelope
is traced by the OH 1612 MHz maser line. Therefore, the
velocity range where 1612MHz OH masers are detected can
serve as a probe for the expansion velocity of the AGB wind.
Thus, comparing the velocity ranges of the 1612MHz OH
masers and the 22.235 GHz H2O masers, the high-velocity jets
associated with H2O masers are often observed outside the
velocity range of the OH masers. This phenomenon is used to
search for WF candidates (H. Fan et al. 2024). In the case of
I19312, the H2O maser emission is detected outside the
velocity range of the OH maser emission, making it a candidate
for WF (J. Nakashima et al. 2011). Indeed, based solely on the
maser properties, the possibility that I19312 is a WF cannot be
ruled out.
However, the WF hypothesis for I19312 faces issues in

explaining, for example, the large molecular gas mass inferred
from CO observations (J. Nakashima et al. 2016) and the
complex chemical composition (S. Deguchi et al. 2004; J.-
J. Qiu et al. 2023) as mentioned in Section 1. From an
evolutionary perspective, the SiO masers in WF are expected to
disappear over time. According to the present results, the SiO
maser in I19312 has not disappeared for at least the last 20 yr.
Monitoring the presence of the SiO maser in I19312 in the
future is meaningful for constraining the WF hypothesis.

4.3.3. U Equ

U Equ is a peculiar evolved star that has changed its spectral
type from M-type to F-type over about 30 yr (see, e.g.,
T. Kamiński et al. 2024). In visible spectroscopic observations
conducted in the 1990s (C. Barnbaum et al. 1996), the
spectrum of U Equ showed many molecular absorption lines,
typical of M-type spectra. However, in the latest observations
(T. Kamiński et al. 2024), the molecular absorption lines have
mostly disappeared, and neutral and ionized molecular
emission lines dominate. Due to the very rapid spectral change,
this object is thought to be transitioning from the late AGB
phase to the post-AGB phase. Maser lines of SiO

Figure 15. Comparison of the averaged OH 1612 MHz, H2O 22.235 GHz,
SiO 43.122 GHz, and SiO 42.821 GHz maser spectra. The CO J = 1–0
spectrum obtained with BIMA (J. Nakashima & S. Deguchi 2005) is
superimposed for comparison. The intensity of the maser lines is given in Jy
units (see left vertical axis) and that of the CO line is given in Jy beam−1 units
(see right vertical axis). The velocity range of the narrow and broad
components is given at the bottom (see the text).
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(43.122 GHz), H2O (22.235 GHz), and OH (1612MHz,
1667MHz) have been detected from U Equ (T. Kamiński
et al. 2024). The 43.122 GHz SiO maser shows a single peak
profile near the systemic velocity, similar to the typical SiO
maser profile of AGB stars. The 1612 MHz OH maser shows a
double-peak profile with a velocity separation of about
5–6 km s−1, and the 22.235 GHz H2O maser is detected outside
the velocity range of the 1612MHz OH maser. Therefore,
according to the criteria of H. Fan et al. (2024), it is classified
as a WF candidate. The complexity of the maser profiles also
shares similarities with I19312. However, no extended infrared
nebula, as seen with I19312, has been detected from U Equ.

4.3.4. HD 101584

In early discussions of I19312, one reason it was difficult to
interpret I19312 as an evolved star was the detection of
methanol lines (S. Deguchi et al. 2004; J. Nakashima et al.
2015). However, since H. Olofsson et al. (2017) detected
methanol from HD 101584, a post-AGB star, the interpretation
of a methanol-accompanied evolved star cannot be ruled out
now. HD 101584 is considered to be in the late AGB phase or
early post-AGB phase. After completing the AGB phase, the
increase in UV radiation from the central star and the
interaction of fast stellar winds with slower stellar winds often
give post-AGB star circumstellar envelopes unique chemical
compositions (T. J. Millar 2020). Indeed, several molecular
species, including CO, SiO, SO, CS, H2CO, and CH3OH, have
been detected from these objects, which is a similarity with
I19312. The issue is whether a circumstellar maser like I19312
can exist in a star like HD 101584. Currently, only the
1667MHz OH maser has been detected from HD 101584
(P. T. L. te Lintel Hekkert et al. 1992), and no other maser lines
have been reported (H. Olofsson et al. 2019). The detection of
the 1667MHz OH maser without the detection of the 1612
MHz OH maser is unusual for an evolved star. Thus, focusing
on the nature of the OH maser, it can be said that the properties
of I19312, a Type II OH maser source, and HD 101584, only
with its 1667MHz OH maser line, are somewhat different.

4.3.5. V407 Cyg

Another unique circumstellar SiO maser source worth
mentioning is V407 Cyg. V407 Cyg is particularly known as a
symbiotic star (K. Drozd et al. 2013). This object attracted

attention due to a nova explosion on 2010 March 10. V407 Cyg is
a binary system, with one star being a white dwarf and the other a
Mira variable (i.e., AGB star). SiO masers have been detected
from V407 Cyg both before and after the nova explosion
(S. Deguchi et al. 2011). Monitoring observations after the 2010
nova explosion confirmed dramatic changes in the SiO maser
spectrum (S.-H. Cho et al. 2015). In particular, high-velocity
components disappeared a few weeks after the explosion,
followed by the appearance of low-velocity components. This
change is interpreted as the shock wave of the nova passing
through the maser emission region, temporarily disrupting the
maser conditions while changing the gas velocity, and later, the
gas in the same region cooling down and reemitting the SiO
maser. Additionally, the emission intensity ratio of the v= 1 and
v= 2 J = 1–0 lines changed, with the v = 1 J = 1–0 line being
stronger before the explosion and the v = 2 J = 1–0 line
becoming relatively stronger after the explosion.
Currently, there is no evidence supporting that I19312 is a

binary system or a symbiotic star. However, if I19312 has
experienced some explosive event, it is conceivable that the
physical state and velocity of the SiO maser emission region could
change, altering the line profile and emission intensity, similar to
V407 Cyg’s SiO maser. In fact, the time variation of the line
profile shown by the SiO maser of I19312 is reminiscent of the
time variation of the SiO maser of V407 Cyg.

4.3.6. Red Nova Remnants

Objects in which both methanol and SiO masers lines are
detected are very important comparative targets for interpreting
I19312. In the case of HD 101584 mentioned in Section 4.3.4,
while it is similar to I19312 in that methanol lines are detected,
SiO masers are not detected. On the other hand, the RNR may
satisfy both conditions. Among the five confirmed RNRs so far,
SiO masers have been detected from V838 Mon (S. Deguchi et al.
2005). V838 Mon experienced a nova explosion (merger event) in
2002 January. V838 Mon is also known for its light echo images
observed by the Hubble Space Telescope (W. B. Sparks et al.
2008). The SiO maser of V838 Mon shows a stronger intensity in
the v = 2 J = 1–0 line than in the v = 1 J = 1–0 line, which is
similar to I19312. However, the line profile is a simple single-
peak profile with a peak velocity near the systemic velocity,
differing from I19312. Although there are no examples of SiO
maser and methanol lines being detected simultaneously from the
same RNR, methanol lines have been detected from another RNR,

Figure 16. Left panel: model geometry of the Shape model from four different angles (J.-J. Qiu et al. 2023). The model was built based on the distribution of CO gas.
The Free-Form view means the observer’s view with a position angle of −37°, where up is north and left is east. The modeled structures are composed of an inner
spherical envelope (light red) and an outer elliptical envelope (light blue). Right panel: comparison between the Shape simulated CO J = 1–0 spectra and the velocity
ranges of the averaged spectra for the three maser species lines during the present observation period.
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CK Vul (T. Kamiński et al. 2017). It is known that the nature of
RNRs varies greatly depending on the properties of the progenitor
stars before the merger (T. Kaminski 2024). The conditions under
which both methanol and SiO maser detection coexist are
currently unknown. However, the fact that there is one RNR each
where both methanol and SiO maser lines are detected provides
important clues for considering RNRs as a possible origin of
I19312.

5. Summary

In this study, we conducted long-term monitoring observations
of SiO, H2O, and OH maser lines for the IRAS source 19312
+1950 (I19312) using single-dish radio telescopes. Additionally,
we compiled all observational results of SiO, H2O, and OH maser
lines for I19312 conducted over the past approximately 20 yr and
compared the characteristics of I19312’s masers with those of
similar objects to consider the origin of I19312. The main findings
and conclusions are as follows:

1. In all three OH maser transitions, the maser features
exhibited nonperiodic variations over the 8month monitor-
ing period, with amplitude changes by a factor of up to about
2. The average flux density was approximately 5 Jy km s−1

at 1612MHz, about 1 Jy km s−1 at 1665MHz, and about
1.5 Jy km s−1 at 1667MHz. The velocity ranges for all three
transitions were similar to those observed in 2000, 2003, and
2012, except for the extension of the 1612MHz velocity
range due to the detection of a new 38 km s−1 feature. The
OH maser emission of I19312 shows an intensity ratio
greater than 1 between the satellite line at 1612 MHz and the
main lines (1665/1667MHz), a characteristic commonly
observed in evolved stars. The line profiles suggest that if the
source is a mass-losing evolved star, it is in the post-AGB
phase.

2. During approximately 1.5 yr of monitoring the
22.235 GHz H2O maser line, we observed a change in
the profile. Stronger emission was detected at
22–28 km s−1 until 2019 January, after which it shifted to
38–42 km s−1. The maser variations were more pro-
nounced than those seen for OH, with a brightness
increase by a factor of more than 30 for the 22–28 km s−1

feature. The total velocity range (22–42 km s−1) was
significantly narrower during 2018–2020 compared to the
range observed between 2000 and 2015, where strong
emission (up to 40.8 Jy) was seen near 17 km s−1, and
weaker emission was detected at velocities greater than
50 km s−1. In comparison, much larger brightness varia-
tions were observed during 2004–2006. The H2O maser
emission was detected over a wider velocity range than
the OH maser, suggesting the presence of molecular
outflows. This characteristic is also observed in YSOs,
but it also makes I19312 a potential candidate for a WF in
post-AGB stars.

3. SiO maser emission was detected between 2018 and 2020
at 42.8 and 43.1 GHz, with velocities ranging from 50 to
55 km s−1. The brightness of the maser features fluctuated
by a factor of a few. Tentative detections of maser
features at levels below 0.1 Jy were made at 86.2 GHz,
while no features were observed at 129.4 GHz above
0.1 Jy. The velocity range over which SiO maser
emission has been detected in the past 20 yr has changed

significantly. Overall, the SiO v= 2, J = 1–0
(42.821 GHz) emission has now been observed across a
broad range of 20 km s−1 < v < 55 km s−1. While such a
wide SiO maser line profile resembles those detected
from some massive YSOs, it is unusual for evolved stars,
where emission typically occurs near the systemic
velocity and spans less than 10 km s−1. Although the
SiO maser line profile alone shows similarities with those
from massive YSOs, we remain skeptical about classify-
ing I19312 as a YSO due to many other inconsistencies.

4. The velocities and evolution of the maser features for all
three maser species suggest a complex geometry for the
emission regions. In relation to the two kinematic
components predicted by a model of the CO emission,
the velocity ranges indicate that the maser emission
regions are likely associated with the broader component,
which represents a spherical outflow in the inner part of
I19312’s circumstellar environment.

5. We derived a stellar luminosity of 21500 6900
9700

-
+ Le using

the bolometric flux from the spectral energy distribution
between 0.5 and 870 μm and the distance determined
from a VLBI annual parallax measurement. If I19312 is
an evolved star, this luminosity is typical of an AGB star
with an intermediate mass of >2Me.

6. After comparing all observational properties with those of
YSOs, evolved stars, RNRs, and several peculiar stars,
we conclude that the origin and evolutionary stage of
I19312 remain unclear.

To place stronger constraints on the origin of I19312 from the
perspective of its maser properties, future research will need to (1)
conduct regular observations of the SiO, H2O, and OH masers to
identify the emergence of bright phases; (2) use these phases for
interferometric observations to determine the relative positions of
the SiO, H2O, and OH maser emissions; and (3) investigate the
molecular gas components and their relationship with the
observational characteristics of maser lines.
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Appendix
Updated Infrared Spectral Energy Distribution for I19312

The infrared total flux of I19312 has been calculated in
previous studies (J. Nakashima et al. 2004; J. Nakashima et al.
2011, 2016). However, with the recent release of numerous
infrared archive data, the number of available infrared
photometric data has significantly increased compared to the
time when the stellar luminosity was previously calculated.
Therefore, the stellar luminosity of I19312 is recalculated here
using the most up-to-date data set. The photometry data were
collected using the VizieR Catalogue.8 The collected infrared

photometry data are summarized in Table 9. Additionally,
the spectral energy distribution plot is provided in Figure 17.
The calculation of the luminosity is based on the distance
(3.8 0.58

0.83
-
+ kpc) derived from the annual parallax measured

with the VLBI technique (H. Imai et al. 2011). The annual
parallax measurement is based on the proper motion of
the 22.235 GHz H2O maser source in I19312. By integrating
the spectral energy distribution over the wavelength range
from 0.55 to 870 μm using a trapezoidal approximation,
an absolute luminosity of approximately L21500 6900

9700
-
+ was

obtained.

Table 9
Photometric Data of IRAS 19312+1950

SED Filter Wavelength Flux Flux Error R.A. (J2000) Decl. (J2000)
(μm) (W m−2) (W m−2) (hh mm ss.ss) (dd mm ss.ss)

Johnson:V 0.55 1.34 × 10−16 0.09 × 10−16 19:33:24.28 19:56:54.84
INT/WFC:r 0.62 3.06 × 10−16 0.16 × 10−16 19:33:24.28 19:56:54.85
INT/WFC:Ha 0.66 3.41 × 10−16 0.38 × 10−16 19:33:24.28 19:56:54.85
Gaia:G 0.67 2.82 × 10−16 0.01 × 10−16 19:33:24.28 19:56:54.84
INT/WFC:i 0.77 5.59 × 10−16 0.20 × 10−16 19:33:24.28 19:56:54.85
2MASS:J 1.24 1.13 × 10−13 0.02 × 10−13 19:33:24.30 19:56:55.00
UKIDSS:J 1.25 1.05 × 10−13 0.01 × 10−13 19:33:24.25 19:56:55.67
Johnson:H 1.63 1.56 × 10−12 0.02 × 10−12 19:33:24.28 19:56:54.84
2MASS:H 1.65 1.57 × 10−12 0.03 × 10−12 19:33:24.30 19:56:55.00
2MASS:Ks 2.16 2.13 × 10−12 0.04 × 10−12 19:33:24.30 19:56:55.00
Johnson:K 2.19 2.04 × 10−12 0.04 × 10−12 19:33:24.25 19:56:55.70
WISE:W1 3.35 4.63 × 10−12 0.38 × 10−12 19:33:24.24 19:56:55.50
WISE:W2 4.60 1.30 × 10−11 0.05 × 10−11 19:33:24.29 19:56:56.02
AKARI:S9W 8.61 4.77 × 10−12 0.03 × 10−12 19:33:24.23 19:56:55.14
WISE:W3 11.57 5.72 × 10−12 0.09 × 10−12 19:33:24.29 19:56:56.02
MSX:C 12.14 5.61 × 10−12 0.27 × 10−12 19:33:24.17 19:56:55.32
MSX:D 14.62 4.74 × 10−12 0.29 × 10−12 19:33:24.17 19:56:55.32
AKARI:L18W 18.39 6.03 × 10−12 0.08 × 10−12 19:33:24.23 19:56:55.14
MSX:E 21.41 6.37 × 10−12 0.39 × 10−12 19:33:24.17 19:56:55.32
WISE:W4 22.04 7.81 × 10−12 0.02 × 10−12 19:33:24.29 19:56:56.02
IRAS:25 μm 23.79 8.90 × 10−12 0.35 × 10−12 19:33:24.35 19:56:54.81
IRAS:60 μm 61.81 1.78 × 10−11 0.23 × 10−11 19:33:24.35 19:56:54.81
PACS:70 μm 70.04 2.31 × 10−11 0.08 × 10−11 19:33:24.21 19:56:57.24
IRAS:100 μm 101.97 1.24 × 10−11 0.30 × 10−11 19:33:24.35 19:56:54.81
PACS:160 μm 160.32 4.53 × 10−12 0.09 × 10−12 19:33:24.21 19:56:57.24
SPIRE:250 μm 249.83 1.93 × 10−12 0.05 × 10−12 19:33:24.21 19:56:57.24
SPIRE:350 μm 350.00 4.13 × 10−13 0.06 × 10−13 19:33:24.21 19:56:57.24
SPIRE:500 μm 500.00 1.34 × 10−13 0.03 × 10−13 19:33:24.21 19:56:57.24
ATLASGAL:870 μm 870.00 3.86 × 10−15 0.44 × 10−15 19:33:24.21 19:56:57.24

8 http://vizier.cds.unistra.fr/vizier/sed/
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