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Abstract We investigated the environment of the infrared dust bul®& and
searched for evidence of triggered star formation in its@murdings. We performed a
multiwavelength study of the nebula with data taken fromesaMarge-scale surveys:
GLIMPSE, MIPSGAL, IRAS, NVSS, GRS and JCMT. We analyzed thecsral pro-
file and the distribution of the molecular gad€€0O J = 1 — 0 andJ = 3 - 2), and the
dustin the environment of N68. The position-velocity deagrclearly shows that N68
may be expanding outward. We used two three-color imagdseahid-infrared emis-
sion to explore the physical environment, and one coloofcdiagram to investigate
the distribution of young stellar objects (YSOs). We fouhalttthe 24um emission is
surrounded by the 8,06m emission. Morphologically, the 1.4 GHz continuum strgngl
correlates with the 24m emission, and th®C0O J = 1 - 0 andJ = 3 — 2 emissions
correlate well with the 8.um emission. We investigated two compact cores located
in the shell of N68. The spectral intensity ratios®8€0J = 3-2toJ = 1 - 0 range
from 5 to 0.3. In addition, YSOs, masers, IRAS and UC HIl regiare distributed
in the shell of the bubble. The active region may be triggénethe expansion of the
bubble N68.
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1 INTRODUCTION

There are many signatures of star formation, for exampégptbsence of outflginflow, dark clouds
and Hll regions, which can be used to investigate the prawfestar formation. Also, there are many
different kinds of interactions which can trigger star formmatisuch as a cloud-cloud collision (Li
& Wang 2012), supernova explosion (Xu et al. 2011a,b), beilelpansion (Zhang & Wang 2012)
and so on. Churchwell et al. (2006, 2007) detected and cpdlabout 600 mid-infrared (MIR)
dust bubbles between longitude80° and+60°. The bubbles have bright 8.0n shells that enclose
bright 24 um interiors. The infrared (IR) dust bubbles may be produceeézxiting O- angor B-
type stars, which are located inside the bubble. The utitat/{UV) radiation from exciting stars
may heat dust and ionize the gas to form an expanding bubble(8tatson et al. 2008), which is
known as the “collect-and-collapse” process. This procasstrigger massive star formation near
the shell clumps. Therefore, the bubbles present an immioofaportunity to study the interaction
between the HIl regions and molecular clouds.
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A few individual bubbles have been thoroughly studied, sagiN49 and S51. There are many
models and observations to explain the dusty wind-blowrblagy such as bubble N49 of Everett
& Churchwell (2010). Recently, we reported an expandinghbeils51 shown with a shell and a
front side, employing®CO and G20 J = 1 - 0 emission lines (Zhang & Wang 2012). Beaumont &
Williams (2010) reported CQ = 3—2 maps of 43 bubbles identified by Spitzer. Watson et al. (2008
present an analysis of wind-blown, parsec-sized, MIR bedbbhd their associated star formation.

To increase the number of examples of bubbles that have heestigated, we selected the IR
dust bubble [CPA2006] N68 (hereafter N68) from the catalb@lourchwell et al. (2006). N68 is
complete or closed ring and centered on Galactic coordihat85.654p = —0.062 (or R.A.(J2000)
= 18'56M25°.70, Dec.(J2000% 02°26'01”.0). It has a distance of 10.6 kpc, which was obtained by
Anderson & Bania (2009) based on comparing the velocity efitimized gas with the maximum
velocity of HI absorption, and looking for HI absorption &etvelocity of molecular emission. In
addition, its size is 34 pg 17 pc and the eccentricity of the ellipse is 0.72.

In this work, we mainly present a multiwavelength study & émvironment surrounding the IR
dust bubble N68. We explore its surrounding interstelladion@ (ISM) and search for signatures
of star formation. The observations and data are describ8edtion 2; the results and discussions
about the environment of bubble N68 are presented in Se8fiSection 4 summarizes the results.

2 DATA

We analyzed IR and millimeter wavelength data extracteah fseveral large-scale surveys including
GLIMPSE (Benjamin et al. 2003; Churchwell et al. 2009), M@&X4_ (Carey et al. 2009), IRAS
(Neugebauer et al. 1984), NVSS (Condon et al. 1998), GRS8 JCMT.

GLIMPSE is an MIR survey of the inner Galaxy performed witke ®pitzer Space Telescope.
We used the mosaicked images from the GLIMPSE and the GLIMR&#E-Source Catalog (GPSC)
in the Spitzer-IRAC (3.6, 4.5, 5.8 and 8i0n). IRAC has an angular resolution of betweesi"land
1.9” (Fazio et al. 2004; Werner et al. 2004). MIPSGAL is a survethefsame region as GLIMPSE,
using the MIPS instrument on Spitzer. The MIPSGAL resolutfog’ at 24pum. The 60 and 100m
fluxes of the IRAS were employed to estimate the Lyman contimionizing flux. The NRAO VLA
Sky Survey (NVSS) is a 1.4 GHz continuum survey covering titeesky north of-40° declination
(Condon et al. 1998).

The 14-m GRS has a full width at half maximum (FWHM) beam size d6” at~110 GHz for
13C0O J = 1 - 0 transitions. Each field of the GRS in thf&€0O J = 1 - 0 line comprises spectra on a
fully sampled 22 grid. The intensities are onlg, antennatemperature scale. To convertthis to main
beam temperaturd,, is divided by the main beantficiency of 0.48. The velocity resolution of the
data is 0.25 km3 (0.22 km s sampling) (Jackson et al. 2006). The 15-m JCMT has an FWHM
beam size ok 14” at~330 GHz for'*CO J = 3 - 2 transitions. The correlator was configured with
4096 channels over a 250-MHz bandwidth, which provided aaigl resolution 0f~0.055 km s
per channel. The spectraC0 J = 1-0 andJ = 3-2 have been smoothed to a velocity resolution
of 0.50 and 0.44 km$, respectively.

The3COJ = 1-0and thé*CO J = 3- 2 data cubes were processed with CLASS and GREG
in the GILDAS software package

1 This publication makes use of molecular line data from thet8o University- FCRAO Galactic Ring Survey (GRS).
The GRS is a joint project between Boston University and the Eollege Radio Astronomy Observatory (FCRAO),
funded by the National Science Foundation under grants 28D334, AST-0098562, AST-0100793, AST-0228993 & AST-
0507657.

2 The James Clerk Maxwell Telescope is operated by the Joinb#amy Centre on behalf of the Science and Technology
Facilities Council of the United Kingdom, the Netherlandgy&hisation for Scientific Research and the National Rekear
Council of Canada.

3 http:/iram.friRAMFR/GILDAS
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Fig.1 Mid-IR emission of the IR dust bubble N6Beft: Spitzer-IRAC three-color image (3y6m
= red, 4.5um = blue and 8.Qum = green);Right: Spitzer-IRAC and Spitzer-MIPSGAL three-color
image (4.5um = blue, 8.0um = green and 24tm = red).

3 RESULTSAND DISCUSSIONS
3.1 ThelR Dust Distribution of N68

Two Spitzer three-color images of N68 are shown in Figure dthBigures clearly illustrate the
photo-dissociation region (PDR) visible in 840n (in green) emission, which originates mainly in
the polycyclic aromatic hydrocarbons (PAHs). As thesedarplecules inside the ionized region
are destroyed, the PAH emission delineates the bounddrike &lll region, and molecular clouds
inside are excited in the PDR by the radiation leaking from ltHl region (Petriella et al. 2010;
Pomares et al. 2009). The 24n emission (right panel in Fig. 1), appearing just in the moest
part of bubble N68, corresponds to hot dust. It is likely tBatandor early B-type stars produced
the bubble shell of this HIl region, with hot dust locateddesthe bubble. The 3.6m emission (in
red, left panel in Fig. 1) shows the positions offdient stars.

In addition, the molecular gas of the bubble shell exhibégesal clumps and filaments along
the PDR shell seen from Figure 1. The distribution and madgapoof this material suggests that a
collect-and-collapse process may be occurring.

3.2 The Continuum Emission and Clump Structure

The entire bubble N68 fills the 1.4 GHz continuum from NVSSt(fmnel in Fig. 2), which is
particularly saturated in the northwest part. This arearated with emission detected by the NVSS,
morphologically correlates with the 24m emission in Figure 1. We suggest that exciting stars,
which are radiating strong UV radiation, may exist in thigios. Possibly because of the obstruction
from the molecular cloud, the hot dust develops and perméatie the southeast part of N68.

The'3CO J = 3 - 2 contours (Figure 2 right panel) from the JCMT data show isg\@umps,
which may be the birthplace of young stellar objects (YS@s)Yable 1, we list the coordinates of
several YSO candidates, which are indicated with symbe)5“m,” and “%” in Figure 2. These
contours are distributed over almost the entire @®shell of the bubble. Southwest of N68, there
are two strong cores which will be investigated in Sectiagh 3.
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Fig.2 Integrated velocity contours of 1.4 GHz continuubeft panel) and**C0O J = 3 - 2 (Right
panel), superimposed on the GLIMPSE 8.0n color images. The contour levels are from 0.16 to
1.45 in steps of 0.16 mJy beahfor the 1.4 GHz continuum, while the contour levels are fra086
12.17 t0 121.70 in steps of 12.17 K kmmt$or *CO J = 3- 2. The integrated velocity range is from
38.5 t0 68.8 km $ for 13CO J = 3 - 2. The symbols &,” “m,” and “*” indicate the positions of
the maser (KO and OH), the IRAS point source and the EGO source, respéctiVhe beam size
is shown by a black filled circle. Note that the 1.4 GHz contimuis saturated with oblique lines in
the image.

Table1l YSOs around Bubble N68

Source Name R.A. (J2000) Dec. (J2000)
(h m s) ¢

IRAS  IRAS185380222 1856 21.30 +02 26 37.00
IRAS  IRAS185380216 1856 23.50 +02 20 38.00
IRAS  IRAS18540-0220 18 56 35.60 +02 24 54.00
CHIl G35.590-0.025 18 56 22.67 +02 21 14.58
EGO G35.040-0.470 18 57 03.30 +02 21 50.00
Maser G35.578-0.031 18 56 22.55 +02 20 28.10
UCHII G35.578-0.031 18 56 22.64 +02 20 26.30

The 1.4 GHz continuum flux is about 1.27 Jy within this bubBllee number of stellar Lyman
photons, absorbed by the gas in the HIl region, follows theticnship (Mezger et al. 1974)

NLyC ~ ~ y 101 Te -0.45 Sv D 2
[F]_4.761x1048-a(v,Te)1-[G—HZ] [?] [J_yHWC} @)

wherea(v, Te) is a slowly varying function tabulated by Mezger & Hender§n967); for the &ec-

tive temperature of an exciting st@ig ~ 33000 K and at radio wavelengttey, Te) ~ 1. Finally,

we obtain the flux of Lyman continuum ionizing photons as gdogN, ~ 48.79. Assuming the
exciting stars belong to an 09.5 star with Mg= ~ 47.84 (Panagia 1973), we suggest there should
be about 8.89 exciting stars that ionize the bubble. Ther@asumably many other non-IR excess
sources within the bubble that could also be O-/andarly B-type stars.
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Fig.3 Left: integrated velocity contours of tH€CO J = 1 — 0 emission superimposed on the
GLIMPSE 8.0um color image. The contour levels are from 14.23 to 61.66dpsbf 4.74 K km s,

and the integrated velocity range is from 38.5 to 68.8 ki $he dotted ellipse shows the PAH
morphology of the bubble. These numbers give the choseti@gusiof seven sources. The YSO
candidates of class | and Il are indicated with symbots’‘and “A” respectively. The symbols
“a,” “m,” and “%” indicate the positions of the maser {8 and OH), the IRAS point source and
the EGO source, respectively. The beam size is shown by & bl circle. Right: the position-
velocity diagram of thé3CO J = 1 — 0 emission along the dashed line in the left panel. The contou
levels are from 0.35 to 3.18 in steps of 0.36 K.

3.3 TheDistributions of the3CO J = 1 — 0 Molecular Clouds

3.3.1 Opacity, column density, and mass

We used®CO J = 1 - 0 to derive the opacity, column density, and mass of the @elithin the
plot shown in Figure 3. The size of the plot is 1% 33.3. The velocity range is from-38.5 to
~68.8 km s?. The plot is centered on R.A.(J2009)18"56™25°.70, Dec.(J2000} 02°26'01”.0.

Here we assume that the nebula is in local thermodynamidilequmn (LTE). We used the
theory of radiation transfer and molecular excitation (éwisser et al. 1979; Garden et al. 1991).
The'3COJ = 1 - 0 opacity is gained from the equation

_ -1
1- M {[exp(s;3 - 1)} ' - 0.16} l 2)

7(*CO) = -1In =3 =
. ex

whereTg is excitation temperature. TRECO J = 1-0 column density is obtained from the equation

Tex [ T(**CO)v
1-exp(5.29/Tey)

N(3CO) = 2.4 x 10*. (3)

We assume thdfCO J = 1 - 0 is optically thin, the excitation temperatureTis, = 20 K and the
[H,/*3CO] abundance ratio isx10P (Frerking et al. 1982). The molecular hydrogen column dgnsi
N(H,) was then calculated. The molecular cloud mass is estinztdges ~ 4.6 x 10°M,, including
the entire shell of bubble N68 at a distanceédafzs ~ 10.6 kpc.



52 C. P. Zhang & J. J. Wang

3.3.2 Clump structure

Figure 3 shows the integrated velocity contours offf20 J = 1 -0 emission superimposed on the
GLIMPSE 8.0um color image. The integrated velocity range is from 38.58@&m s*. Generally,
there should be a similar sketch between the distributidriieomillimeter emission and Mid-IR
emission (Petriella et al. 2010; Zhang et al. 2012). Conmggttie morphologic distribution (Fig. 3),
there are many correlations between the contours and thar8.@mission, however, their peak
positions deviate slightly from each other. In additiore tiebula is clumped and extends outside
the bubble. Therefore we have selected seven sourced(indicated in Fig. 3) to investigate their
spectral information in Section 3.3.4.

Along the dashed line in the left panel of Figure 3, we showgbsition-velocity diagram in
the right panel. Figure 3 shows that the components of seucB, C, D and E are correlated with
N68, but the component of source F is not. The componentawEss A, B, C, D and E are made up
of a morphology in the shape of a lettéX™in the position-velocity diagram (right panel of Fig. 3).
Source C inside bubble N68 has only one velocity componenmFsource B (in the shell of the
bubble) to source D (in the shell of the bubble), the positietocity diagram does not show the
shape of a letter.” This is not consistent with the model of an expanding behibside a turbulent
medium (Arce et al. 2011). However, considering the ecastytrof the bubble and positions of
sources A, B, C, D and E, we also suggest that bubble N68 mayg@nding toward the outside.
The systematic velocity of N68 is58 km s (the source C inside the bubble), and the velocities
are~59 and~57 km s for sources A and B outside the bubble, respectively. Alse velocities
are~63 and~53 km s for sources B and D in the shell of the bubble. So bubble N68 beay
expanding with a velocity o£5 km s along the line of sight relative to source C.

3.3.3 Distribution of the young stars

The color-color diagram (Fig. 4) shows the distribution &fss I, Il and Ill stars. Here we only
consider those sources that have been detected in fourBHRAC bands (Hora et al. 2008). In
addition, to look for a relationship between the young stard the bubble formation, we draw the
class | and Il stars on the image of 8h emission for N68 (Fig. 3). We found that class | and Il
stars are almost all distributed on the shell of the bubbite distribution of class | and Il stars is
also correlated with th€CO cloud. We also report the distributions of the IRAS ddta,axtended
green object (EGO), the maser and the UC HIl region, whosedauates are listed in Table 1. These
star formation tracers are located near and on the sheleafi¢hula. It is possible that the shell of
the bubble is the birthplace of young stars, which could leeréfsult of an interaction between the
HIl region and molecular cloud. This could be an example efdbllect-and-collapse process.

3.3.4 Thespectraofthe’®COJ=1-0andJ=3-2

Figure 5 shows th&’CO J = 1- 0 andJ = 3- 2 spectra of sources 1, 2, 3, 4, 5, 6 and 7 on the shell
of the nebula. The average of all spectra from the whole isbéxhibited (indicated witiAll) in
the upper-left panel of Figure 5. This shows that the spexfttdCO J = 1 — 0 have a wider width
and stronger intensity than those bf= 3 — 2. At sources 2 and 5, however, the spectra3afO
J = 3 - 2 have a stronger intensity than thoselef 1 - 0. The'3CO J = 1 - 0 spectrum of source
4 does not have the61 km s component relative td = 3 — 2. In addition, from the contours, the
13CO J = 3 - 2 distribution (Fig. 3) is clumpier than that df= 1 - 0 (Fig. 2). Therefore, there is a
great diference betweetfCO J = 1 - 0 andJ = 3 — 2, which needs further investigation.

The intensity ratio of3COJ=3-2t0J=1-0is Réfz/lfo =0.46, 3.53, 0.38, 0.70, 2.69 and
0.46 for sourcesll, 2, 3,4, 5 and 6, respectively. Our results are consistehtthvbse of Minamidani
etal. (2011), whos&}®, ; , ranges from 3.60.9 to 0.24:0.07. This suggests th&lCO J = 1-0
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and Il stars at dferent evolutionary stages are indicated in the diagram.
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Fig.5 *COJ =1-0 (red line) andJ = 3 - 2 (gray line) spectra of sources 1 to 7, whose positions
are represented in Fig. 3 with numbers 1 to 7 respectivelyindicates that the two spectra are the
spectral average of bubble N68.

andJ = 3-2 transitions have ¢lierent critical densities, s@ﬁf traces the excitation of molecular

gas.

2/1-0

3.4 Two Compact Coresin the Shell of N68

There are two compact cores, M (R.A.(J2080)8"56™33°.73, Dec.(J2000) 2°20'49”.81) and N

(R.A.(J2000)= 18"'56M23°.07, Dec.(J2000% 2°20'33".44), located in the southwest shell of N68.
Figure 6 shows the integrated velocity contours of ff@0 J = 1 — 0 andJ = 3 — 2 emission.

The cores M and N are located at the peaks of integrated welomntours of thé*CO J = 3 -2
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Fig.6 Integrated velocity contours of tHéCO J = 1 - 0 andJ = 3 — 2 emission superimposed
on the GLIMPSE 8.0 and 24m color images, respectively. The contour levels are fron2340
61.66 in steps of 4.74 K kmsfor 13CO J = 1 - 0, and from 6.65, 13.30 to 119.68 in steps of
13.29 K km s? for 13CO J = 3 - 2; the integrated velocity range is from 38.5 to 68.8 krh $he
dotted ellipse shows the PAH morphology of the bubble. Tesebers give the chosen positions
of three sources. The YSO candidates of class | and |l areatefi with symbolsX” and “A.” The
symbols ‘4" and “m,” unfilled star and %" indicate the positions of the maser {8l and OH), the
IRAS point source, the compact Hll region and the UC HII regiespectively. The white ellipse
indicates the error ellipse of the IRAS point source.
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Fig.7 ¥COJ = 1-0 (red line) and) = 3 - 2 (gray line) spectra of compact cores M (R.A.(J2000)
= 18'56"33%.73, Dec.(J2000} 2°20'497.81) and N (R.A.(J2000} 18'56"23.07, Dec.(J2000
2°20'33’.44), whose positions are also represented in Fig. 6.

emission. The peak of the contours ¥8€0 J = 1 - 0 is located at core N, but such a peak does not
appear for core M. In addition, theftBrence between the 8.0 and 24 emission is obvious. The
presence of the 2dm emission is suggestive that the hot dust has plunged ietbuihble shell.

On the other hand, there are many star formation tracerseldceear core N. In Figure 6, we
marked the positions of anJ@ maser, an OH maser, an IRAS point source, a compact Hllmegio
and a UC HIl region, whose coordinates are listed in Tablehe F,O maser, the OH maser, the
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IRAS point source and the UC HiIl region are located at the dbréhere are many velocity com-
ponents for the KO maser and the OH maser. We just list three of their strorgmsponents. The
fluxes are 20.15 Jy at 48.90 km!s7.25 Jy at 49.45km™$ and 2.80 Jy at 48.35 kntsfor H,O
maser emission, but 9.90 Jy at 50.00 kth, ¢.40 Jy at 46.05 km™$ and 3.70 Jy at 47.36 knTs
for the OH maser emission (Forster & Caswell 1999). Thessuaggestive that core N is a strongly
active massive star forming region.

We also exhibit the spectra of cores M and N in Figure 7. Tlkeidince in spectral profiles
between emissions frolCO J = 1 -0 andJ = 3 - 2 is obvious. Thé*CO J = 3 - 2 has double
profiles for cores M and N, but thCO J = 1 - 0 lacks the blue profile. For core N, théCO
J = 1- 0 has a main beam temperature-gtK at~53 km s, but the3CO J = 3 - 2 shows a flat
spectrum of absorption. This discrepancy needs to be igeatst further.

4 CONCLUSIONS

We have investigated the environment of the IR dust bubblé Wigh the'3COJ = 1 - 0 and
J = 3- 2 emission lines, the 1.4 GHz continuum and the IR band eamis3ihe main results can be
summarized as follows.

The morphology of the molecular line emissiodiG0 J = 1 - 0 andJ = 3 — 2) and the
associated velocity signatures are consistent with thi sthecture seen from the 8,0m images.
The expanding shells in N68 are suggestive of triggered ieastar formation. There is evidence
for dense clumps that coincide with the shells. The expandhells have an expansion speed of
~5 km s. However, it is not clear whether the Hll region is the driyimechanism of the shell
expansion.

We have presented a study about compact cores M and N locateé shell of the nebula.
Compact core N is associated with the®Hmaser, the OH maser, the IRAS point source and the
UC Hill region. The spectral velocity components of thg&Hmaser and the OH maser indicate that
the star formation region is strongly active. However, mmies of the processes occurring in the
compact cores M and N need further investigation.

We also used the GLIMPSE and the MIPSGAL survey data to asdhaz YSOs and the distri-
bution of warm dust around bubble N68. We identified classll &y SOs using the [5.8]-[8.0] ver-
sus [3.6]-[4.5] relationship, and correlated their disttion relative to the PDR, which we assume
to be associated with and surrounding an Hll region. We filadl #68 appears to have a significant
number of YSOs associated with their PDRs, implying thggered star formation mechanisms act
on the boundary of the expanding Hll region.

Acknowledgements This work was supported by the Young Researcher Grant of t@ohal
Astronomical Observatories, Chinese Academy of Scier@eant No. 0835032002).

References

Anderson, L. D., & Bania, T. M. 2009, ApJ, 690, 706

Arce, H. G., Borkin, M. A., Goodman, A. A., Pineda, J. E., & Beaont, C. N. 2011, ApJ, 742, 105
Beaumont, C. N., & Williams, J. P. 2010, ApJ, 709, 791

Benjamin, R. A., Churchwell, E., Babler, B. L., et al. 2003,3P, 115, 953

Carey, S. J., Noriega-Crespo, A., Mizuno, D. R., et al. 200%P, 121, 76

Churchwell, E., Babler, B. L., Meade, M. R., et al. 2009, PASPL, 213

Churchwell, E., Povich, M. S., Allen, D., et al. 2006, ApJ96459

Churchwell, E., Watson, D. F., Povich, M. S., et al. 2007, A¥D, 428

Condon, J. J., Cotton, W. D., Greisen, E. W., et al. 1998, A3, 1693

Everett, J. E., & Churchwell, E. 2010, ApJ, 713, 592



56 C. P. Zhang & J. J. Wang

Fazio, G. G., Hora, J. L., Allen, L. E., et al. 2004, ApJS, 153,

Forster, J. R., & Caswell, J. L. 1999, A&AS, 137, 43

Frerking, M. A., Langer, W. D., & Wilson, R. W. 1982, ApJ, 2890

Garden, R. P., Hayashi, M., Hasegawa, T., Gatley, I., & Kafu1991, ApJ, 374, 540
Hora, J. L., Carey, S., Surace, J., et al. 2008, PASP, 12@ 123

Jackson, J. M., Rathborne, J. M., Shah, R. Y., et al. 2006SAb83, 145

Li, N., & Wang, J.-J. 2012, RAA (Research in Astronomy andréghysics), 12, 1269
Mezger, P. G., & Henderson, A. P. 1967, ApJ, 147, 471

Mezger, P. G., Smith, L. F., & Churchwell, E. 1974, A&A, 32,26

Minamidani, T., Tanaka, T., Mizuno, Y., et al. 2011, AJ, 123,

Neugebauer, G., Habing, H. J., van Duinen, R., et al. 1984, 2p3, L1

Panagia, N. 1973, AJ, 78, 929

Petriella, A., Paron, S., & Giacani, E. 2010, A&A, 513, A44

Pomares, M., Zavagno, A., Deharveng, L., et al. 2009, A&24,087

Watson, C., Povich, M. S., Churchwell, E. B., et al. 2008, A&IL, 1341

Werner, M. W., Roellig, T. L., Low, F. J., et al. 2004, ApJS414

Winnewisser, G., Churchwell, E., & Walmsley, C. M. 1979, A&A2, 215

Xu, J.-L., Wang, J.-J., & Miller, M. 2011a, ApJ, 727, 81

Xu, J.-L., Wang, J.-J., & Miller, M. 2011b, RAA (Research isttonomy and Astrophysics), 11, 537
Zhang, C. P., Esimbek, J., Zhou, J. J., Wu, G., & Du, Z. M. 24#8.SS, 337, 283
Zhang, C. P., & Wang, J. J. 2012, A&A, 544, A1l



