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Abstract. The depletion of CO molecules is observed in infrared dark clouds. However, only few
exsamples are found in pe-scale. An NH3z emission is one of good counter parts of C*¥0 because
of similar effective critical density. Our NHs observations of a molecular filament associated with
CMa OB1 or KAG 71, which is a target of Kagoshima Galactic Object survey with Nobeyama
45-m telescope by Mapping in Ammonia lines (KAGONMA) project. Although NH3 data shows
similarity in morphology with infrared data suggesting no depletion, C*®0O in the clumps 4 and
6 are weaker than expected based on NH3 data. After examining the dissipation of the high-
density gas, photodissociation, and depletion, we concluded that CO is depleted at least in the
clump 4. It is a new example of depletion in pc-scale.
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1. Introduction

Although C'0 is often used to estimate the column density of dense molecular gas,
previous works reported depletion of CO molecules (e.g. Feng et al. 2020; Sabatini et al.
2019). To investigate such depletion in pc scale, a dense gas tracer less depleted, such
as NHj3 is helpful. And NHj is one of the best counter part of C'20 because of the sim-
ilar effective critical density; both of which are about 2 x 10> cm™3. From 72 objects
of KAGONMA (Kagoshima Galactic Object survey with Nobeyama 45-m telescope
by Mapping in Ammonia lines) project, we investigate the depletion in KAG 71, or
a molecular filament associated with CMa OB1.

2. Observations & data

We made NHj observations in (J, K)=(1,1),(2,2),(3,3) transitions as a part of
KAGONMA project, simultaneously. The telescope beam size is 75” and the mapping
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Figure 1. NH;(1,1) intensity map over FUGIN C'®0 intensity image smoothed to NHj
beamsize. Black enclosures are the clumps 1 to 6 from east to west.

area covers about 26'x 10" for the filament. To estimate the intensity distributions of
CO, we used 12CO and C*®0O data from FUGIN (Umemoto et al. 2017) and the map
observed with Mopra 22-m telescope (Olmi et al. 2016). The spatial and velocity resolu-
tions of FUGIN are 20" and 1.3 km s~—!, respectively. Those of Mopra observations are
38” and 0.09 km s~!. In many investigations dust continuum flux is used to estimate
the gas column density N(Hsy). We, therefore, used Hi-GAL data observed with Herschel
(Molinari et al. 2010). The spatial resolutions are between 12.6” and 36.7” at 160 and
500 pm.

3. Results

We made the intensity distributions of NH3 and C'®*O smoothed to be the same beam-
size (fig. 1). Based on DENDROGRAM analysis (Rosolowsky et al. 2008), we identified
6 clumps in NH3 map. We call the clumps 1 to 6 from east to west. We also made maps
of the integrated intensity of NH3(1, 1) and the Hy column density, N(Hs), estimated
from Herschel data (fig. 2(a)). The similarity of NHs intensity and N(Hsz) distributions
suggests both the relative abundance of NHz, X(NHs) and gas-to-dust ratio are almost
constant in this filament. We made the map of gas kinetic temperature, Ty, from our
NH; data (fig. 2(b)). It shows T}, ~ 12 K and ~ 17 K in the clumps 2 and 4, respectively.
We made the distribution of X (NHj) and it is almost uniform (fig. 2(c)). However, the
abundance of C180, X (C'80) estimated from Mopra data is not uniform (fig. 2(d)).

To confirm it we made the correlation plot between the intensities in NHs(1,1) and
C'0 lines from FUGIN (fig. 3). Most plots are along the strait line through the origin.
It means X (C'¥®0) is almost constant there. However, in the clumps 4 and 6, C*O
intensity does not increase but slightly decreases against NHg intensity. In the clump 2,
C'80 intensity is higher than in the clumps 4 and 6, but smaller than the proportional
line expected by overall trend.

4. Discussion

We interpret the weakness of the emission is due to depletion of C'*O molecule on dust
grains. We considered two other mechanisms shown below, but they are not the case.

(a) low volume density; dense enough to emit the NoH* line (Tatematsu et al. 2017).
(b) destruction of CO molecules by UV radiation; it also destructs NHs.

Therefore, we conclude that CO molecule is actually depleted on dust grains. The size
of our clumps where we found the depletion is in pc scale.

To evaluate the degree of depletion, we define the relative depletion factor, ff}ep, by the
reciprocal value of the relative abundance of each pixel normalized by the maximum over
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Figure 2. (a) The contour map of the column density, N(Hz), estimated from Herschel data
smoothed to NHs beamsize overlaid on an image of the integrated intensity of NHs(1, 1) line.
(b) Gas kinetic temperature image and a contour map of the integrated intensity of NHs(1,1)
line. Clumps 2 is cold & 4 is warm. (c) an relative abundance image of NH3(1, 1). The contour
map is the contours in panel (a). (d) relative abundance image of C**O using dust N(Hsz) with
the contours of N(Hz).
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Figure 3. NH;(1,1) - C'®0 (J=1-0) integrated intensity correlation plot of the each clump
and observed positions.

the filament. In the clump 2, f(ip ~ 2 and in the clump 4, f(ip ~ 6. They are different by
a factor of 3. What makes this difference? Both temperature and density are similar; the
dust temperatures in the clumps 2 and 4 are about 12 and 16 K, respectively, and the
volume densities of Hy of them using a spherically symmetric clump model are 4 x 10*
and 6 x 10* cm ™2, respectively. To the contrary, the clump 2 have 3 YSO candidates over
100 Lg, although the clump 4 has none. Therefore, the photodesorption may prevent to
CO depletion on dust.
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