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研究成果の概要（和文）：初期質量関数の起源を理解するために、国際プロジェクトALMA-IMFを実施した。初期
質量関数とは、星団の初期質量分布を記述する普遍的な関数であり、太陽質量程度の星が形成される領域では、
母体となる分子雲コアの質量関数は、星団の初期質量関数と同様であることが認識されてる。一方、太陽より8
倍以上の質量を伴う大質量星が形成される領域では、分子雲のコア質量関数は初期質量関数と異なることが示唆
されている。我々は、ALMAを用い15個の大質量星形成領域を観測し、分子雲コアの質量関数が進化とともに変化
し、質量関数と初期質量関数はその進化の後期段階でのみ同様になることを発見した。

研究成果の概要（英文）：We have carried out an international project, ALMA-IMF, to understand the 
precursor of the initial mass function (IMF). The IMF is a universal function that describes the 
initial distribution of masses for a population of stars. It is generally accepted that the 
precursor of the IMF is consistent with the universal IMF in regions forming stars like our Sun. 
However, current observational evidence suggest that in regions forming massive stars (with masses 8
 times larger than the Sun), the precursor of the IMF is different. We have observed 15 high-mass 
star-forming regions with ALMA and find that the precursor of the IMF is different. We also find 
that the precursor of the IMF also evolves over time, resembling the IMF only at late stages of 
evolution.

研究分野： High-mass Star Formation

キーワード： star formation　molecular clouds　ALMA
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令和

研究成果の学術的意義や社会的意義
星の質量は、星の進化を決定する重要な物理量です。星の質量はその母体となる高密度コアの質量と関係してい
る ことが知られています。太陽系の誕生過程や進化を理解する上で、星の質量と高密度コアの質量との関係を 
明らかにすることは非常に重要です。星の質量は生命誕生の条件とも関係しています。
本研究から、我々は、星を形成する構造の質量分布が小質量星のみが形成される領域と大質量星も形成される領
域で 異なることを発見しました。大質量星は銀河におけるエネルギー流入を支配しており、この発見により近
傍や遠方の宇宙の形成や進化についての理解が深まると期待されます。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

The number distribution of stars with a given mass at birth, known as the initial mass 

function (IMF), is among few key parameters transcending astrophysical fields. It is of 

great importance to theory, ranging from cosmology to stellar physics. The IMF is 

considered to be universal in all galactic environments so far studied. Its origin is likely 

one of the central questions in star formation and it remains a major open question in 

astrophysics. During the last few decades, both observations and theories of star 

formation have suggested that the stellar mass is determined by the fragmentation of 

molecular clouds, and thus by the initial mass of star-forming cores. Until recently, 

observational constraints from core mass functions (CMFs) were limited to regions in our 

Solar neighborhood, which only form stars with masses between 0.1 and 5 solar masses. 

These regions are unrepresentative of the Galaxy. They do not include clouds that form 

stars with masses >5 solar masses, i.e., high-mass star-forming regions. Our current 

understanding of the origin of stellar masses is therefore biased and currently suggest that 

the CMF is Salpeter-like and does not evolve over time. Studying high-mass star-forming 

regions is mandatory to test if the IMF origin can be independent of cloud characteristics. 

 

２．研究の目的 

It has been suggested that the CMF varies from young to evolved high-mass star-forming 

regions. For example, Motte et al. (2017), and we confirm later in Sanhueza et al. (2019), 

report the first statistically significant observations of a CMF with a shape that is not 

reminiscent of the IMF. Indeed, the CMF is flatter than the typical CMF found in nearby 

low-mass star-forming regions and quantitatively flatter than the CMF derived from a 

one-to-one mapping of the stellar IMF. For the first time, it is shown without any doubts 

that low-mass cores are underpopulated at the early stages of high-mass star formation. 

The atypical CMF can be understood if the IMF of massive clusters is not universal but 

underpopulated with low-mass stars or, alternatively, high-mass stars form in dynamical 

clouds only at the initial cluster formation phase, whereas low-mass stars continuously 

form at any time up to the end of cluster formation. In contrast, the CMF of a more 

evolved high-mass star-forming region (Ginsburg et al. 2017) closely resembles the IMF 

shape. While the IMF may be spatially invariant, these outstanding new ALMA 

observations suggest that its temporal variability may be the key for understanding the 

conditions that determine stellar masses. 

As part of an original and ambitious project, we proposed to reveal the origin of the IMF 

and the physical processes that shape its precursor, the CMF. For this purpose, an ALMA 

large program led by 4 PIs from different nations was approved with the highest priority 

(ALMA-IMF). By using the world best radio interferometer, the Atacama Large 

Millimeter/submillimeter Array (ALMA), we have observed 15 high-mass star-forming 

regions more massive than 2,500 solar masses and closer than 5.5 kpc. We determine the 



 

 

CMF of each observed cloud, search for variations due to evolution, and compare with 

those from low-mass, nearby regions and the universal Salpeter IMF.  

 

３．研究の方法  

A long time was spent in doing data verification. Every observation was individually 

checked (12m, 7m, and Total Power data), confirming the calibration procedure made at 

the ALMA observatory and modifying the calibration scheme when it was necessary. We 

took a step further and prepared products by performing self-calibration, a technique that 

results in images with a higher fidelity and better S/N ratios, key for the determination of 

weak cores. The developed scripts, calibration/imaging techniques, and enhanced 

science-ready products of the continuum emission were made publicly available with the 

second publication of the ALMA-IMF team, Ginsburg et al. (2021).  

 

４．研究成果  

The unprecedented database with a high legacy value was first introduced in the first 

paper by Motte et al. (2021), in which the early analysis and the potential of the project 

was presented. The 15 high-mass star-forming regions were classified in 3 evolutionary 

stages that are later used to search for variations in the CMF: ‘young’, ‘intermediate’, and 

‘evolved’. The classification was made using the 1.3 to 3 mm flux ratio and the free-free 

emission at the frequency of the H41α recombination line, assuming free-free increases 

over time.   

A case study on W43 MM2 and MM3 (Pouteau et al. 2022), two high-mass star-forming 

regions of the survey, confirms the early results of Motte et al. (2017) and Sanhueza et al. 

(2019). The CMF at early stages in high-mass star-forming regions is top heavy. This 

analysis argues against the universality of the CMF slope at the high-mass end.  

In our analysis of the whole sample (Louvet et al. 2022), we construct a robust catalog of 

~600 cores that are gravitationally bound and free from non-thermal dust emission. The 

cores have a mass range between 0.15 to 250 solar masses, with a typical size of ~2100 

au. The fit to the high-mass end of the whole CMF, including all ~600 cores, finally 

confirms that overall, the CMF in high-mass star-forming regions is top heavy. The 

Salpeter IMF, with a power law index of 2.35, is larger than the value of 1.9 determined 

for the ALMA-IMF targets. We also find that the CMF slope for the different evolutionary 

stage: ‘young’, ‘intermediate’, and ‘evolved’ are 1.85, 1.70, and 2.20, respectively. The 

final value of 2.20 is compatible with the CMF. These results confirm that the CMF, 

contrary to what occurs in low-mass star-forming regions, evolves and it is not completely 

set by the early fragmentation. This conclusion was early predicted in Sanhueza et al. 

(2019), but, however, without a uniform analysis as the one we have carried out in 

ALMA-IMF. The interpretation is that at early times (‘young’ classification) the CMF is 

determined by the cloud fragmentation, producing a slope similar, but shallower, to the 

Salpeter IMF. Then, massive cores accrete more material than the low-mass counterparts 

(e.g., Contreras et al. 2018, Sanhueza et al. 2021), growing in mas quite quickly. The 



 

 

accretion rate of cores that will form high-mass stars is approximately 2 orders of 

magnitude higher than that of low-mass cores. This higher accretion rate causes the most 

massive cores to grow faster, making the CMF shallower as is observed in the 

‘intermediate’ stage. Later on, the high accretion rate cannot be maintained over time due 

to stellar feedback, and the continuous clump fragmentation would catch up, adding fresh 

low-mass cores. Thus, at later stages of cluster formation, the high-mass end of the CMF 

would resemble the IMF, as is the case of the objects in the ‘evolved’ classification.  
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