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Study of Dense Core Property and Core Mass Function with

Simulation and Observation Data to Reveal the Core Growth
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#m L H Study of Dense Core Property and Core Mass Function with Simulation and

Observation Data to Reveal the Core Growth with Observations

The birthplace of stars is dense cores in molecular clouds. Since the evolution
process of a star strongly depends on the mass, the mass is one of the most important
properties of a dense core as well. Then, the relationship between mass functions of
dense cores (Core Mass Functions, CMFs) and stellar mass functions (Initial Mass
Functions, IMFs) is expected to imprint information on the core evolution and star
formation processes. These two mass functions have turnovers at low mass and a
power-law shape above the turnovers. From previous observations of the IMF, the
power-law index of the IMF is thought to be a universal feature. Many previous studies
of CMFs in nearby star-forming regions have suggested that the CMFs resemble IMF.
In particular, the turnover mass of CMF is larger than that of IMF and the power-law
index of CMF is similar to the slope of IMF.

Several numerical simulations of the prestellar core suggest that the protostellar
feedback such as outflow blows off a part of the core mass and the remaining core mass
evolves into star and star formation efficiency which is a mass ratio of a star and a
parental dense core becomes smaller than unity.

In the standard star formation scenario of the core-collapse model, stellar mass is
determined by the mass of parental core mass with a constant star formation efficiency
which is smaller than unity. Then, it has been believed that the observed relationship
of the one-to-one correspondence between CMF and IMF can be explained by the core-
collapse model at least in the low-mass star-forming region.

However, top-heavy CMF's are reported from recent ALMA continuum observations
of distant high-mass star-forming regions (Motte et al. 2018). The observed CMF has a
shallower slope at the high-mass part and this contradicts the core-collapse star
formation model. The interpretation of this result is under discussion, but the time
evolution of CMF is suggested as a possible idea to explain the new relationship
between CMF and IMF.

To investigate the relationship, we conducted a dense core survey in the Orion
Nebula Cluster (ONC) region which is a central region of Orion A to construct CMF
(Takemura et al. 2021a). Orion A is the nearest giant molecular cloud (GMC) and is
known as an active star-forming region. We used CARMA+NRO45-m combined C180
(J=1-0) data of Orion A which covers a wide area with high angular resolution. The

wide observation area of 1 degree by 2 degrees and high angular resolution of 8



arcseconds enable us to perform the unbiased precise dense survey. We then directly
compared the observed CMF and IMF derived from the stellar catalog provided by the
previous observation. The highest spatial resolution is achieved in the study of the
direct comparison of the two mass functions. As a result, we found that CMF and IMF
have turnovers at almost the same masses and similar slopes resemble universal IMF.
Since dense cores are deeply embedded into the molecular cloud, we concluded that
mass accretion from surrounding material is important to explain the observed relation
of the two functions. We also suggested that dense cores will grow with mass accretion.

The core growth during the star formation is proposed by other observations as well.
Kong et al. (2021) compared the masses of protostellar cores and starless cores in the
Dragon Infrared Dark Cloud. Then, it is found that protostellar cores tend to be more
massive than starless cores. This implies that starless cores grow while acquiring mass
from the outside.

In order to reveal the evolution of dense cores and CMF and core growth process
with mass accretion, we extended the dense core survey in the ONC region to the entire
Orion A (Takemura et al. submitted to ApJS). Prior to the observational study, we
examined whether we could obtain true CMF from observation and how to get the true
CMF from observation with numerical simulation data. Then, this thesis consists of
the above two studies with numerical simulation (Chapter 2 of the thesis) data and
observational data (Chapter 3 of the thesis).

The three-dimensional AMR, MHD simulation of the collision of two GMCs is
conducted by Wu, Benjamin and we utilized the data. From the position-position-
position (PPP) volume density data, we created position-position (PP) column density
data and position-position-velocity (PPV) column density data. Then, we conducted the
dense core survey with the volume density data in the position-position-position three-
dimensional data. We treat this as a true CMF of the simulated cloud and compare this
with CMFs of PP data and PPV data. For PP data, we subtracted the background
column density from the column density at the core position to extract the column
density of the core itself. As expected, the PP CMF without subtraction has a larger
turnover mass than PP CMF. The PP CMF with subtraction has a similar turnover
mass as PPP CMF but the slope above it is shallower than that of PPP CMF. The main
reason may be an overlapping effect along a line of sight. Then, we think that the
compensation with the completeness of CMF with subtraction may be a way to obtain
true CMF from PP data. In the actual observation, it is difficult to know the actual
column density due to the lack of information on temperature. In this case, we get
steeper CMF when we adopt the typical clump temperature such as 20 K. In addition,
we get a shallower CMF than that CMF for the entire cloud when we construct a CMF
with cores near the center of the cloud. Therefore, should take into account that
temperature variation and selection of the observing area can change the slope of CMF
from PP data. Next, PPV CMF of C180 has a similar turnover mass to PPP CMF but



the slope is shallower than that of PPP data. The result that we could get almost true
turnover mass from PPV data is good for molecular line observations. We guess the
reason why the slope becomes steeper is we underestimate the core mass, especially
for the massive cores, due to the line broadening. It is necessary to be careful that PPV
CMF becomes steeper than true CMF in actual observations.

We conducted a dense core survey in the entire Orion A using the CARMA+NRO45-
m combined C180 (J=1-0) data of Orion A (Takemura et al. submitted to ApdS).
Applying the Dendrogram algorithm (Rosolowsky et al. 2008) to the PPV data and we
1dentified 2341 cores. We note that the velocity width — mass relation of identified cores
with this observational data have much shallower than that of simulated PPV data.
This means that the broadening of the line width as the mass increases is small in
observational data than in simulated data. Then, we expect that the effect of
underestimation of core mass due to the line broadening is also small in our
observational data and the observed CMF is closer to true CMF. The observed CMF in
Orion A has an IMF-like turnover mass and slope as well as the analysis. This result
also supports the core growth with mass accretion. When we separate the Orion A into
subregions, a CMF in the central region has a shallower slope than CMF's in the other
subregions. Also, most of the massive cores of larger than ten solar masses are
concentrated in the central region. It implies that environmental effects can affect the
core properties and CMF. Next, we investigated the mass accretion process. In this
thesis, we estimated the mass accretion rate in different two ways. One is the required
mass accretion rate to double the core mass within a core lifetime. The other is an
accretion rate of Bondi accretion. We found that Bondi accretion is too small for cores
to grow within a reasonable timescale when we adopt the typical clump property. The
mass accretion along filament may achieve a high mass accretion rate but specifying
the concrete accretion process is difficult for now. In addition to the above discussion

of CMF and the mass accretion process, we investigated the core properties.
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