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1. Kompaneets model Þtting of the Orion- Eridanus superbubble  "
 

概要!
•  OB Associationからの風や超新星によりISMにSuperbubbleと呼ばれる大き
な穴が空く!

•  最も近い大質量星形成領域であるオリオン分子雲には20¡#45¡ の大きく偏
平したSuperbubbleがある!

•  Orion-Eridanus superbubbleをKompaneetsモデルでフィット!
•  SuperbubbleのEridanus側が太陽から遠い方向にあるモデルの方が合う!

Andy Pon, Doug Johnstone, John Bally and Carl Heiles "
��



1本目つづき 
Kompaneets Model!
•  純粋なexponential atmosphereへのショック波の伝播のsemi-analytic解!
•  天の川銀河の円盤中のsuperbubbleの進化に適用できる(W4 superbubble , 

Ophiuchus superbubble , local bubble)!

•  exponential atmosphere内を膨張するbubbleの形状のよい1次近似解!
•  key assumption!

!1. bubble内の圧力は空間的に一定!
!2. bubbleはすべての場所で表面に垂直な方向に拡がる!
!3. 膨張のはやさは強いショックに対するHugoniot  jump条件 
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Secondary processes not included in the Kompaneets model
that might also influence the evolution of superbubble are
discussed in Section 6, and we summarize our findings in
Section 7. We also include in Appendix A a summary of the
physical properties of the superbubble derivable from our
best-fitting Kompaneets model.

2 BACKGROUND

2.1 Kompaneets Model

Kompaneets (1960) derived a semi-analytic solution for the
propagation of a shock wave into a purely exponential atmo-
sphere that is applicable to the evolution of a superbubble
in the Galaxy’s disc. This model has since been modified
to allow for gas cooling (Maciejewski & Cox 1999); a time
variable energy input rate (Baumgartner & Breitschwerdt
2013); or a continuous injection of energy, as would be
produced from stellar winds or a succession of super-
novae (Schiano 1985; Basu et al. 1999). A Kompaneets
model has been used to successfully model numerous
superbubbles, including the W4 superbubble (Basu et al.
1999; Baumgartner & Breitschwerdt 2013), the Ophiuchus
superbubble (Pidopryhora et al. 2007), and the local
bubble (Baumgartner & Breitschwerdt 2013). While more
sophisticated numerical simulations of superbubbles exist
(Tomisaka & Ikeuchi 1986; Mac Low & McCray 1988;
Bisnovatyi-Kogan, Blinnikov & Silich 1989; Mac Low et al.
1989; Tenorio-Tagle, Rozyczka & Bodenheimer 1990;
Tomisaka 1992, 1998; Stil et al. 2009), Kompaneets models
have been shown to provide an excellent first-order solution
for the shape of a bubble expanding in an exponential
atmosphere (e.g. Mac Low et al. 1989). Kompaneets mod-
els are the current, de facto choice for analytic models of
superbubbles. For this paper, we will use the continuous
injection variant described in detail by Basu et al. (1999)
and will refer to such a model simply as a Kompaneets
model.

The three key assumptions of the Kompaneets model
are (1) the pressure within the bubble is spatially uniform,
(2) the bubble expands in the direction of the surface normal
at all locations, and (3) the expansion speed of the bubble is
given by Hugoniot jump conditions for a strong shock, where
the exterior pressure is negligible compared to the interior
pressure. The Kompaneets model predicts that the location
of the wall of the superbubble is given by

r(z, y) = 2H arccos
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4H2
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where r is the perpendicular distance from the central axis
of the superbubble to the bubble wall, z is the distance along
the central axis from the driving source, H is the scaleheight
of the exponential atmosphere, and y is a parameter with
dimensions of length which varies from 0 to 2H and essen-
tially specifies the evolutionary stage of the bubble, with
more evolved bubbles having a larger value of y.

At early times in the evolution of a Kompaneets model,
the superbubble remains relatively spherical and the y pa-
rameter is roughly equal to the radius of the superbub-
ble. After a bubble expands to a radial size approximately
equal to the scaleheight of the exponential atmosphere, when
y ∼ H , the bubble begins to elongate significantly towards

the lower density direction of the exponential atmosphere.
Because of the constant pressure assumption of the Kompa-
neets model, at late times in the expansion of a Kompaneets
model superbubble, the velocity of the top cap of the bubble
becomes very large and the top cap reaches an infinite dis-
tance from the source in a finite time. For this paper, we will
adopt the convention used by Basu et al. (1999) and work
with the dimensionless quantity ỹ = y/H , since the shape
of a superbubble is fully described by the value of ỹ.

To convert model size scales to physical units, one
length scale must be specified. This length scale can be the
scaleheight of the exponential atmosphere or the length of
one feature of the bubble, specified by giving the distance
and angular size of the feature. The pressure within the
bubble, expansion velocity, time since the creation of the
bubble, surface density of the bubble wall, interior temper-
ature, driving luminosity, and initial density of the expo-
nential atmosphere at the location of the driving source can
all be given in physical units if two of these parameters are
specified. Furthermore, the location of the ionization front
can also be determined if, in addition to two of the above-
mentioned parameters, the ionizing luminosity of the source
and the temperature of the bubble wall are also provided.
See also table 1 of Basu et al. (1999) for the dimensional
relationships between model parameters and appendix A of
Basu et al. (1999) for a more detailed description of Kom-
paneets models.

2.2 Orion–Eridanus Superbubble

In this paper, all references to north or south refer to in-
creasing or decreasing declination and references to east or
west refer to increasing or decreasing right ascension, unless
otherwise specified. References to above or below, however,
will refer to directions along the major axis of the Orion–
Eridanus superbubble either towards the lower density por-
tion of the exponential atmosphere or the higher density
portion, respectively. Thus, the top of the bubble will be
the portion of the bubble farthest from the source and sur-
rounded by lower density regions of the exponential atmo-
sphere, and the bottom of the bubble will be the portion of
the bubble closest to the source and surrounded by higher
density portions of the exponential atmosphere. Similarly,
we will use upper and lower to refer to directions along the
major axis of the bubble. While ‘above’ or ‘towards the top’
will generally refer to larger absolute magnitudes of Galactic
latitude, we emphasize that we intend these terms to refer
to directions along the major axis of the superbubble and
not a direction along a line of constant Galactic longitude,
since the Orion–Eridanus superbubble’s major axis appears
to make an angle of approximately 30" to the normal to the
Galactic plane in the plane of the sky.

The Orion star-forming region is the nearest OB star-
forming region to the Sun that is actively forming stars
and is located 400 pc away in the constellation of Orion
(Hirota et al. 2007; Menten et al. 2007; Sandstrom et al.
2007). It is approximately 130 pc distant from the Galactic
plane and contains both young subgroups of stars and two
molecular clouds in which stars are actively forming (e.g.
Bally 2008).

The Orion star-forming region is surrounded by promi-
nent Hα features that appear to trace out a 20" x
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Figure 4. Schematic diagram of models T and A. Model T is
shown in the top panel and model A is shown in the bottom panel.
In each of these schematic diagrams, the superbubble major axis
is inclined roughly 30◦ into the page, in order to match the offset
between the superbubble axis and the normal to the Galactic
plane apparent in Fig. 1. Thus, the major axis of the bubble in
model A is still 35◦ inclined from the normal to the Galactic
plane.

Table 1. Kompaneets model properties

Model ỹ H (pc) dmin (pc) dmax (pc) θ (◦)
(1) (2) (3) (4) (5) (6)

T 1.9995 15 170 400 85
A 1.945 40 305 540 35

Note. Column (1) gives the model name. Columns (2) and (3) give
the value of the ỹ parameter and the scaleheight of the exponential
atmosphere, respectively. Columns (4) and (5), respectively, give
the distance to the closest and farthest point on the superbubble
wall. The maximum distance in model T occurs at the Orion end
while the far side of the bubble near the location of Arc A is only
275 pc distant. Column (6) gives the angle that the major axis of
the superbubble makes with the normal to the Galactic plane.

tion studies that place the near side of the superbubble at
180 pc also use lines coming from neutral, rather than ion-
ized gas and thus, these studies do not necessarily trace the
ionized wall of the bubble and may give a near distance that
is too small. Thus, we attempt to find a second model fit
where the bubble is oriented away from the Sun, such that
Arc A resides on the far side of the bubble and we drop the
constraint that the near side of the bubble must be roughly
180 pc distant from the Sun. For this model orientation, we
find that Barnard’s Loop cannot be accurately fit and thus
the position of the driving source is used as a fitting param-

eter, rather than the location of the easternmost part of the
bubble, as was done for model T. As before, the other fitting
parameters used are the orientation of the major axis of the
bubble in the plane of the sky, the elongation of the bubble,
the inclination of the bubble with respect to the plane of the
sky, and the maximum width of the bubble. The source lo-
cation is constrained to lie near the Orion B molecular cloud
and the far eastern edge of the bubble is assumed to be at
a distance of 400 pc. Once again, all fitting is done by eye.

The best-fitting model for this orientation is shown in
the bottom panel of Fig. 3 and will hereafter be referred to as
model A (for ‘away’). A schematic diagram of this model is
given in the bottom panel of Fig. 4 and the basic parameters
of this model are given in Table 1.

A slight reduction in the ỹ parameter also produces a
reasonable fit where Arc B is the end cap of the bubble.
Because there is no tight distance constraint on the Eridanus
end and no constraints on the shape of the Orion end, a
much wider array of models produce reasonable fits for a
bubble oriented away from the Sun. All reasonable bubble
fits, however, have ỹ > 1.7 and scaleheights less than 60 pc.
In model A, Arc A is located at a distance of 500 pc and
the closest point on the near side of the bubble is just over
300 pc distant from the Sun. The maximum diameter of the
bubble is 220 pc in model A, as compared to 100 pc in model
T. For a discussion of other physical parameters derivable
from this model, please see Appendix A.

4 DISCUSSION

Model T does a reasonable job of reproducing the morphol-
ogy of the Orion–Eridanus superbubble. In this model, both
Arcs A and B lie along the same plane perpendicular to the
major axis of the superbubble, such that the filaments trace
the bubble wall at a particular, constant distance from the
driving source. Given the orientation of the bubble towards
the Sun, Arc A traces the near side of the bubble while Arc
B traces the far side of the bubble. The sense of curvature
of Arc A comes out naturally from this model fit.

Unfortunately, this model has two significant flaws.
First, to match the observed elongation of the superbub-
ble, model T requires a scaleheight of only 15 pc for the
Galactic disc’s atmosphere. The scaleheight of the cold gas
layer of the Galaxy is generally estimated to be closer to
100-150 pc (Kalberla & Kerp 2009), a factor of 10 larger
than the scaleheight in model T. This 15 pc scaleheight of
model T is even smaller than the 25 and 27 pc scaleheights
derived from fits to the W4 superbubble (Basu et al. 1999;
Baumgartner & Breitschwerdt 2013).

Second, to match the near side distance, model T is 85◦

inclined with respect to the normal to the Galactic plane.
This is completely at odds with the expected direction of
the gradient in the Galactic ISM density profile and thus
we reject Model T as being an adequate fit of the Orion–
Eridanus superbubble.

We caution, however, that while we believe that Model
T is not an adequate fit of the Orion–Eridanus superbubble,
we do not rule out the possibility that the near side of the
superbubble is 180 pc distant and the superbubble is elon-
gated parallel to the Galactic plane. We merely conclude
that if the superbubble is elongated parallel to the plane,
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Figure 1. OrionÐEridanus superbubble as seen in H ! . Labels for
the various major components of the bubble have been added to
the image from Di Cicco & Walker (2009). Arcs A, B, and C are
collectively referred to as the Eridanus Þlaments. The loca tions of
additional small molecular clouds have been indicated, alt hough
many of these clouds are not obviously visible in the image, s uch
that the arrows have been placed to point towards the known
locations of the clouds.

45◦ elongated superbubble structure, with enhanced H!
flux within the confines of the bubble (e.g. Pickering
1890; Barnard 1894; Elliott & Meaburn 1970; Elliott 1973;
Isobe 1973; Reynolds, Roesler & Scherb 1974; Sivan 1974;
Johnson 1978; Reynolds & Ogden 1979; Boumis et al. 2001;
Haffner et al. 2003). The east side of the superbubble is
dominated by a bright crescent of H! emission, which is re-
ferred to as Barnard’s Loop (Pickering 1890; Barnard 1894).
The west side of the superbubble is composed of a hook
shaped H! feature, in the constellation of Eridanus, that
can be broken into three arcs (e.g. Meaburn 1965, 1967;
Johnson 1978). Arc A is the eastern half of the hook, Arc B
is the western half of the hook, and Arc C is the southern
extension of the hook. For the remainder of this paper, when
we refer to Arcs A, B, and C, we will be specifically referring
to the H! emitting regions, and will refer to these three arcs
collectively as the Eridanus filaments. The properties of the
Eridanus filaments are discussed in more detail in Pon et al.
(2014).

The primary image used in this paper for deter-
mining the shape of the Orion–Eridanus superbubble is
a wide field H! mosaic taken by astrophotographers
(Di Cicco & Walker 2009), which initially contained no spe-
cific astrometric information and was not calibrated to a
known intensity scale. We identify 18 bright stars in the im-
age and use their locations, as given in the Hipparcos data
base (van Leeuwen 2007), to astrometrically calibrate the
image. This image is shown in Fig. 1 and the most promi-
nent H! features are labelled in this figure.

The Orion–Eridanus superbubble is also traced by
a large H i cavity (Menon 1957; Heiles & Habing
1974; Heiles 1976; Green 1991; Burrows et al. 1993;
Brown, Hartmann & Burton 1995; Kalberla et al. 2005), al-
though the H i cavity extends beyond the apparent H! limits
of the superbubble, as might be expected if the ionizing pho-
tons from the Orion star-forming region fully penetrate the
walls of the superbubble. This larger H i extent is also seen
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Figure 2. Diffuse X-ray emission observed by the ROSAT satel-
lite (Snowden et al. 1997). The top panel shows the 0.25 keV,
R12 band and the bottom panel shows the 0.75 keV, R45 band.
The contours are integrated intensities of H ! from the WHAM
survey (Ha ffner et al. 2003) and are logarithmically spaced w ith
each contour corresponding to a factor of 2 increase in inten sity.
The lowest contour corresponds to an integrated intensity o f 10 R.
The locations of Arc A, Arc B, and BarnardÕs Loop are labelled .

in the Ophiuchus superbubble, which has been successfully
fit by a Kompaneets model (Pidopryhora et al. 2007).

Rocket- and satellite-based X-ray surveys show
that there is a diffuse enhancement of soft, 0.25 and
0.75 keV, X-rays towards the Orion–Eridanus super-
bubble (Davidsen et al. 1972; Williamson et al. 1974;
Naranan et al. 1976; Long et al. 1977; Fried et al. 1980;
Nousek et al. 1982; Singh et al. 1982; McCammon et al.
1983; Marshall & Clark 1984; Garmire et al. 1992;
Burrows et al. 1993; Guo et al. 1995; Snowden et al.
1995, 1997). This X-ray emission comes from plasma with
a temperature of approximately 2 ! 106 K (Burrows et al.
1993), as would be expected for the hot interior of a
superbubble. Fig. 2 shows the 0.25 and 0.75 keV bands of
the Röntgensatellit (ROSAT) mission, which are the R12
and R45 bands, respectively, of Snowden et al. (1997).

The enhanced 0.75 keV X-ray emission extends from the
Orion star-forming region to Arc B and does not significantly
extend north or south of the H! declination limits of the su-
perbubble or to the east of Arc B, suggesting that the H!
does indeed trace the superbubble walls. There is, however,
some 0.25 keV emission extending to the south of the super-
bubble’s southernmost H! boundary. The 0.25 keV emission
partially fills a H i void extending south to a declination of
-20◦, between right ascensions of 4h and 4h30m, with the X-
ray emission preferentially filling the north-west side of the
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2. Mid-J CO observations of Perseus B1-East 5: evidence for turbulent 
dissipation via low-velocity shocks !

概要!
•  巨大分子雲は超音速乱流を含んでいるが、MHDシミュレーションによると
すぐに消失する!

•  乱流の散逸は分子雲内に温かいガスを作る可能性がある!
•  Perseus B1-East 5領域のCO (J=5Ð4, 6Ð5)をHerschelで観測!
•  過去の低回転遷移の測定量も合わせてPDRモデルをフィット!
•  B1-E5では6Ð5の積分強度が異常に強い → 温かいガス成分!
•  体積フィリングファクタ0.15%の低速度ショック領域での乱流散逸による
ショック加熱!

•  乱流エネルギーの散逸率は3.5#10 32 erg s-1!

!
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  é	
  Plume	
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Figure 5. Spectra of various CO lines observed towards B1-E5.
The black, green, orange, and red lines correspond to the J = 1
→ 0, 3 → 2, 5 → 4, and 6 → 5 transitions of 12CO, while the
dark blue and light blue lines correspond to the J = 1 → 0 and
2 → 1 transitions of 13CO. The J = 5 → 4 and 6 → 5 intensities
have been scaled up by factors of 7 and 50, respectively, while the
12CO J = 1 → 0 intensities have been scaled down by a factor of
1.5.

4.1 Kaufman et al. models

The Kaufman et al. (1999) PDR models are run for semi-
inÞnite, constant density slabs of material illuminated on
one side. The models use a microturbulent doppler linewidth
of 1.5 km s −1, which would correspond to an FWHM of
2.5 km s−1 that is just slightly larger than the observed
linewidths of B1-E5. In comparing the PDR model output
with the observations of B1-E5, it is assumed that the PDR
emission Þlls the beam. While the Kaufman et al. (1999)
models handle the chemistry of most common molecules
quite well, they do not self-consistently calculate the sel f-
shielding of 13CO. Therefore, only the 12CO data will be
compared to the Kaufman et al. (1999) PDR models. PDR
models with an ISRF of log(G0) = -0.5, 0.5, and 1.5 (G0

= 0.31, 3.1, and 31 Habing) are selected, where the average
far-ultraviolet ISRF in free space is 1.7 Habing or 1 .6×10−3

erg cm−2 s−1 (Tielens 2005). For a low-mass star-forming
region like B1-E, the local ISRF is not expected to be sig-
niÞcantly above this average, free space value. Models with
H nuclei densities of 102, 103, and 104 cm−3 are selected.

Observations suggest that CO is highly frozen on to
dust grains at densities above 105 cm−3 (Caselli et al. 1999),
while B1-E5 only has an average density of the order of 104

cm−3 (Sadavoy et al. 2012). Therefore, it is unlikely that
CO is signiÞcantly frozen out of the gas phase in B1-E5.

The combined 12CO J = 1 → 0 integrated intensity of
the 3 and 8 km s−1 components, from the FCRAO data,
along with an XCO value of 2 × 1020 cm−2 K−1 s (e.g.,
Glover & Mac Low 2011) suggest that the column density
of H2 towards B1-E5 should be of the order of 1×1022 cm−2.
From dust continuum emission, Sadavoy et al. (2012) esti-
mate that the peak H 2 column density towards B1-E5 is
1.45 × 1022 cm−2. The depletion fraction, fD , is typically
deÞned as the ratio of the column density derived from con-
tinuum observations, assuming a typical gas-to-dust ratio ,
to the column density derived from CO observations and
a reference CO fractional abundance. Depletion factors of
5-10 are commonly found in dense cores (e.g., Caselli et al.
1999; Hernandez et al. 2011), with depletion factors up to

78 being found towards infrared dark clouds (Fontani et al.
2012). The 12CO J = 1 → 0 data indicate that the depletion
factor for B1-E5 is approximately 1.5, suggesting that very
little CO has frozen out of the gas phase in B1-E5. Since
the Kaufman et al. (1999) PDR code uses a steady state
chemistry, PDR models that do not include freeze out are
selected.

The 13CO observations can also be used to calculate
the CO depletion factor. Under the assumption that the
12CO J = 1 → 0 line is highly optically thick, the excitation
temperature of the gas is given by

Tex = Tu

⎡

⎣ln

⎛

⎝

Tu

TR + Tu

exp(Tu /T bg )−1

+ 1

⎞

⎠

⎤

⎦

−1

, (2)

where Tex is the excitation temperature of the emitting gas,
TR is the observed peak intensity of the line, Tbg is the
2.7 K background temperature, and Tu is the upper energy
level of the molecular line when expressed in units of kelvin.
Since both the 3 and 8 km s−1 12CO J = 1 → 0 lines are
ßat topped, it is likely that both lines are optically thick,
such that the excitation temperature for the two compo-
nents would be 11 and 16 K, with the 3 km s−1 component
being the cooler component.

Assuming that the 13CO lines are optically thin and
that the excitation temperature for these lines is that deri ved
from the 12CO J = 1 → 0 line, the column density of 13CO
can be derived using
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where W is the integrated intensity of the line, A is the Ein-
stein A coefficient for the transition, h is PlanckÕs constant,
gl is the quantum weight of the lower transition, gu is the
quantum weight of the upper transition where gJ = 2J + 1,
El is the lower energy level of the transition, and Q is the

partition function deÞned as Q =
∞
∑

j =0

(2J+1) exp ( −EJ /kT ).

Given a number abundance of H2 relative to 13CO of
4 × 105 (Goodman, Pineda & Schnee 2009), the13CO J =
1 → 0 integrated intensity suggests that B1-E5, between
both the 3 and 8 km s −1 components, has a total column
density of 1.1× 1022 cm−2, consistent with the column den-
sity estimate from the 12CO J = 1 → 0 line. The 13CO 2
→ 1 intensities, however, suggest a lower column density of
2×1021 cm−2, which would correspond to a depletion factor
of the order of 10. This calculation, however, assumes that
the level populations are in local thermodynamic equilib-
rium, and since the critical density of the 13CO J = 2 → 1
line is roughly 104 cm−3, compared to 103 cm−3 for the 1 →

0 line, it is likely that the lower depletion factor calculat ed
for the 2 → 1 line is just due to non-LTE (local thermo-
dynamic equilibrium) e ffects. A radex (van der Tak et al.
2007) model run with a background temperature of 2.73 K,
a kinetic temperature of 15 K, an H 2 density of 103 cm−3,
a 13CO column density of 3.6 × 1016 cm−2, and an FWHM
of 2.35 km s−1 produces integrated intensities of the 13CO
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Figure 6. Integrated intensities of various 12CO lines from the Kaufman et al. (1999) PDR models are shown as the lines, while the
observed integrated intensities are shown as symbols. Black, blue, and red lines correspond to densities of 102, 103, and 104 cm−3,
respectively, while dashed, solid, and dotted lines correspond to ISRFs of 0.31, 3.1, and 31 Habing, respectively. Triangles denote
integrated intensities of the 8 km s−1 component while squares are used for the 3 km s−1 component. The error bars show three times
the uncertainties in the integrated intensities. The column density for the PDR models has been set to 7 ! 1021 cm−2, to match the
total column density of B1-E5.

vided by a model with a density of 104.2 cm−3 and column
density of 4×1022 cm−2, while for the 8 km s−1 component,
the best-fitting model has a density just under 105 cm−3

and a column density of 1× 1022 cm−2.

In general, since larger ISRFs imply a larger incom-
ing energy flux, the integrated intensities of the CO lines
increase with increasing G0, in order for a cloud to main-
tain an equilibrium between heating and cooling terms. The
CO SLED also becomes flatter with increasing G0, as the
temperature of CO emitting gas increases. This latter effect
is not necessarily trivially expected, as a larger ISRF will
cause CO, and other molecules, to only form at larger opti-
cal depths, where the gas need not be significantly warmer
than where CO forms in lower ISRFs. Higher densities also
produce larger intensities and flatter SLEDs, as the gas den-
sity approaches the large critical densities of the higher J
lines.

Based upon the integrated intensities, the best-fitting
models with an order of unity ISRF have a density of 103

cm−3, for both the Kaufman et al. (1999) and meudon
codes. These models do a reasonable job at reproducing the
integrated intensities of lower J lines, both 13CO and 12CO
lines for the meudon code, but underpredict the integrated
intensity of the 12CO J = 6 → 5 line. A lower G0 of 0.31
and a higher density of 104 cm−3 also produces reasonable
integrated intensities from the Kaufman et al. (1999) code.
Since the 3 km s−1 component has lower integrated inten-
sities, these models suggest that the 3 km s−1 component

traces lower density gas than the 8 km s−1 component. This
is consistent with the 3 km s−1 component having lower in-
tegrated intensities in C18O and NH3 lines (Sadavoy et al.
2012; Sadavoy et al., in preparation).

For the 3 km s−1 component, the Kaufman et al. (1999)
models with a density and ISRF of 103 cm−3 and 3.1 Habing,
or 104 cm−3 and 0.31 Habing, also reasonably reproduce the
line ratios of the 12CO J = 1 → 0 and 5 → 4 lines, with
respect to the 3 → 2 line. The best-fitting meudon model
to the 3 km s−1 ratios also has a density of 103 cm−3, but
the best-fitting kosma -! model has a slightly higher density
of 104.2 cm−3. The 13CO ratios are roughly consistent with
the meudon models. All three codes underpredict the 12CO
J = 6 → 5 to 3 → 2 ratio, with the kosma -! model being a
factor of 17 low, a 6" discrepancy.

The ratio of the 12CO J = 1 → 0 to 3 → 2 lines is much
closer to unity for the 8 km s−1 component than the 3 km s−1

component, which makes higher density models (104 cm−3

for the Kaufman et al. 1999 and meudon codes, 105 cm−3

for the kosma -! code) fit this ratio better for the 8 km s−1

component than the 3 km s−1 component. The meudon 104

cm−3 model reasonably reproduces the integrated intensity
ratios of the 12CO J = 5 → 4 and 1 → 0 lines with the 3
→ 2 line, but again slightly underpredicts the ratio of the 6
→ 5 to 3 → 2 lines. In Fig. 10, the error bar for the 6 → 5
point that crosses the 104 cm−3 model line is that of the 3
km s−1 component, not the 8 km s−1 component. The 8 km
s−1 component error range for the ratio of the 6 → 5 to 3 →
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3. A Spitzer View of The Giant Molecular Cloud Mon OB1 East/NGC 2264!

概要!
•  巨大分子雲Mon OB1 Eastの3.6, 4.5, 5.8, 8.0, 24 μm画像をSpitzerで観測!
•  星周円盤 and/or 星周エンベロープをもつYSOを赤外超過により同定・分
類、また分子雲の物質に対する分布を調査!

•  YSOの局所面密度とダスト減光から見積もられる分子ガスの柱密度とのあ
いだにべきの相関関係を発見!

•  内部の星形成領域NGC 2264 の内と外で異なるべき、円盤の割合!
•  Mon OB1 cloud では非一様な同時でない星形成が起きている!
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Fig. 1.— Left: Spitzer 4.5 µm inverted grayscale image of Mon OB1 East. NGC 2264 is outlined by the red
squares which encase the S Mon region (top square) and Cone region (bottom square) of Sung et al. (2008).
All Spitzer data outside of the two red boxes represent Mon OB1 cloud. The position of the two reference
regions used to estimate the number of field stars towards Mon OB1 East are outlined by the magenta boxes
to the east and west of the cloud. We used 2MASS data for all sources within the magenta boxes to estimate
the number of field stars. Right: Same Spitzer 4.5 µm inverted grayscale image of Mon OB1 East but with
Class 0/I (red), Class II (green) and transition disk (blue) sources overlaid.
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Fig. 9.Ñ YSO mass surface density vs. molecular gas mass column density of allSpitzeridentiÞed Class
0/I (red triangles), Class II (green squares) and transition disk sources (blue diamonds) for NGC 2264 (top
left), Mon OB1 cloud (top right), and all of Mon OB1 East (bottom). Overplotted are polygons marking the
Þt to, and estimated spread in, data of the Mon R2 molecular cloud (black; N=2.67± 0.02), and Ophiuchus
molecular cloud (gray; N=1.87± 0.03) from Gutermuth et al. (2011). Hatched regions show where AV < 1
and the gas column density cannot be reliably determined from the near-IR extinction.
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Fig. 10.— Histograms of ⌃Y SO/⌃2
gas for NGC 2264 (top left), Mon OB1 cloud (top right), and all of Mon

OB1 East (bottom), separated by evolutionary class. Histograms for Class II YSOs are in black, normalized
to the peak bin. Class I YSOs are in red, and are multiplied by a factor of 3.7, the median ratio of Class II
to Class I sources in nearby clusters (Gutermuth et al. 2009) and then normalized to the peak bin. Green is
the Class II histogram, normalized to the peak bin and divided by 30. This is the upper limit to the expected
frequency of edge on Class II sources that could be misclassified as Class 0/I objects.(Gutermuth et al. 2009,
2011). Vertical dashed lines mark the boundary between young protostar rich regions (left), embedded cloud
populations (center) and regions where gas has been dispersed (right; Gutermuth et al. 2011)


