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Abstract. We have conducted all disk imaging of M33 in '>*CO(1-0) using the 45-m telescope
at Nobeyama Radio Observatory. We present preliminary results of this project. The spatial
resolution of ~ 80 pc is comparable to the size of GMCs. The identified GMCs show wide variety
in star forming activity. The variety can be regarded as the difference of their evolutionary stage.
We found that Kennicutt-Schmidt law breaks in GMC scale (~ 80 pc), although it is still valid
in 1 kpc scale. The correlation between molecular gas fraction, fi,, = X(H2)/X(HI+H2) and
gas surface density shows two distinct sequences and shows that f,,,; tends to be higher near
the center. We also made partial mapping 12CO(3—2) with ASTE telescope. These data show
that the variation of physical properties of molecular gas are correlated with the GMC evolution
and mass. That is, GMCs with more active star formation and more mass tend to have higher
fraction of dense gas.
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1. Introduction

Since M33 is one of the nearest spiral galaxies in the local group and moderately
face-on, the galaxy is suitable to resolve each GMCs and investigate their properties.
Furthermore, there are many other frequency data of tracers of atomic gas, star form-
ing regions, and stars, for comparisons. Therefore, M33 is the best target for studying
GMCs and star formation within a whole galaxy. Our observations are performed with
Nobeyama 45m and ASTE telescopes. The 25 multi-beam receiver, BEARS, mounted

67

https://doi.org/10.1017/51743921311022484 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921311022484

68 N. Kuno et al.

on the 45m telescope and CATS345 installed in ASTE were used. We can get 2CO(1-0)
and '2CO(3-2) data with highly uniform quality by using these receivers and On-The-Fly
technique. Our scientific objectives are to investigate the basic properties of GMCs and
their spatial variation, and to understand the evolutionary process of GMCs and massive
star formation. We will make GMC catalog with the information about their evolutionary
stage using our data and other frequency data (e.g., optical data with SUBARU). For
these purposes, we have to observe the variation of the internal structure of GMCs along
their evolutionary stage eventually. Observations of the internal structure of GMCs in
M33 will be achieved by ALMA.

2. Preliminary results

Fig. 1 shows the total integrated intensity map of *>?CO(1-0) and intensity weighted
mean velocity map. Many GMCs are identified in the map and global galactic rotation
can be seen. Fig. 2 shows the comparison between CO and HI, and CO and star formation
rate. We can see the variation of evolutionary stage of GMCs in fig. 2. Namely, there are
some GMCs with no star forming activity and HII regions without associated GMCs.
GMC s are located on the HI peaks in the outer region, but not in the inner region. We
present some preliminary results of our project below.

2.1. Breakdown of Kennicutt-Schmidt law

Kennicutt-Schmidt law is a well-known correlation between surface gas density and star
formation rate in galaxies. But, it is not clear in what scale the Kennicutt-Schmidt
law breaks down. To answer the question, Onodera et al. (2010) compared the surface
density of molecular gas and that of the star formation rate in various spatial resolution
(fig. 3). These plots show that the correlation is evident in 1 kpc and 500 pc resolution.
The correlation becomes looser with higher resolution and finally breaks down in 80
pc resolution. These results indicate that the resolution of 80pc, which is comparable
to GMC scales, is the scale in which the Kennicutt-Schmidt law becomes invalid. The
comparison between distributions of CO and star forming regions implies that the main
cause of the breakdown is that the variation of evolutionary stage of GMCs becomes
apparent in this scale as seen in fig. 2.
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Figure 1. '2CO(1-0) integrated intensity map of M33 (left) and velocity field (right). (Tosaki
et al. 2011)
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Figure 2. The '*CO(1-0) map superposed on HI (Rosolowsky et al. 2007) (left) and star forma-
tion rate derived from Ha luminosity (Hoopes and Walterbos 2000) with extinction-correction

using 24 pm data (Rieke et al. 2004) (right). (Tosaki et

al. 2011)

2.2. HI to H2 transition

Tosaki et al. (2011) make comparison between the CO and HI maps and show that
molecular gas fraction f,,; is higher in the inner region than in the outer region (fig. 2).
Fig. 4 shows correlation between gas surface density and f,,,;. It is apparent that there
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Figure 3. Star formation rate per unit area vs. surface density of Hs gas for four different
resolutions. The broken lines represent 20 of surface density of Hy. The line in d) shows the best

fit to the ~1 kpc resolution data. (Onodera et al. 2010)
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Figure 4. Correlation between gas surface density and f,,;. Data of R < 1.5 kpc, 1.5 kpc
< R < 3 kpe, and R = 3kpce. Dotted and dashed curves indicate correlation for U = 10U in the
case of Z = Zy and Z = 0.5Z; (left), and for Z = 1.0Z in the case of U = 10Uy and U = 487,
(right), respectively. (Tosaki et al. 2011)

are two distinct sequences depending on the distance from the galactic center. f,,; is
higher in the inner region R < 1.5 kpc than in the outer region at the same gas surface
density. Most probable cause of the difference of f,,,; is high metallicity in the inner
region. Actually, sharp increase of metallicity in the central 1 kpc region in M33 has
been reported by Vilchez et al. (1988). On the other hand, if we attribute the difference
to the variation of radiation field, radiation field has to increase with distance from the
center. But, radial distribution of tracers of stars and star forming regions does not show
such a trend. Another possibility is variation of gas volume density. In fig. 4, gas surface
density is used as an indicator of gas volume density assuming that the scale height is
constant. But, if the scale height is larger in the outer region than in the inner region
as seen in our Galaxy, volume density is higher in the inner region at the same surface
density.

2.3. Variation of CO(1-0)/CO(3-2) ratio in GMCs

Onodera (2009) and Onodera et al. (2011) investigated the variation of CO(1-0)/CO(3-2)
ratio in GMCs and its dependence on the GMC properties. They show that the ratio
depends on star forming activity in GMCs and GMC mass. Namely, GMCs with more
active star formation and more massive tend to have higher fraction of dense gas.
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