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（様式３） 

博士論文の要旨 
 
氏 名 石川 裕之  
 
論文題目 Detailed Characterization of Nearby M Dwarfs with High-Resolution Near-
Infrared Spectroscopy 
 
M dwarf stars are the most numerous constituents of the Galaxy and recently observed 
intensively as prominent targets of planet search projects. Their chemical composition 
is crucial to understand the formation process and internal structure of orbiting 
exoplanets. However, measurements of elemental abundances of M dwarfs have been 
limited due to difficulties in the analysis of their optical spectra.  
 

In this thesis, we report the abundance ratios of individual elements of M 
dwarfs in the solar neighborhood, including the mid- to late-M subtypes with effective 
temperature (T eff ) < ∼3200 K that has not been well studied by previous studies. This 
enables the first understanding of the elemental abundance distribution of nearby M 
dwarfs as promising planet-host candidates.  
 

We firstly conducted a detailed chemical abundance analysis of five M dwarfs 
(T eff  ∼ 3200–3800 K), which form binary systems with G/K-type stars, by performing a 
line-by-line analysis based on high-resolution (R ∼ 80,000) near-infrared (960–1710 
nm) spectra obtained with CARMENES (Calar Alto high-Resolution search for M 
dwarfs with Exo-earths with Near-infrared and optical Échelle Spectrographs). We 
determined the chemical abundances of eight elements (Na, Mg, K, Ca, Ti, Cr, Mn, and 
Fe), which are in agreement with those of the primary stars within measurement errors 
(∼0.2 dex). This means the analysis method is reliable under this precision, given the 
reasonable assumption that the chemical abundances of stars in a binary system are 
identical.  
 

Through the analysis process, we investigated the unique behavior of atomic 
lines in a cool atmosphere. Most atomic lines are sensitive to changes in abundances 
not only of the corresponding element responsible for the lines but also of other 
elements, especially dominant electron donors such as Na and Ca, through the change 
in continuous opacity. The Ti I lines show a negative correlation with the overall 
metallicity at T eff  < 3400 K due to the consumption of neutral titanium by the 
formation of TiO molecules. These findings indicate that, to correctly estimate the 
abundance of any element or the overall metallicity, it is needed to determine the 
abundances of other individual elements consistently.  



 
We subsequently applied the verified abundance-analysis technique to 13 

objects (2900 < T eff  < 3500 K) among the targets of the IRD-SSP (InfraRed Doppler 
planet search project in the framework of the Subaru Strategic Program), which 
consists of nearby M dwarfs. We used the high-quality spectra obtained in the IRD-SSP 
to determine the abundances of eight elements (Na, Mg, Ca, Ti, Cr, Mn, Fe, and Sr) for 
all 13 M dwarfs. The abundances of three additional elements (Si, K, and V) were also 
determined for the hottest one. 

 
The resulting metallicities of these M dwarfs, represented by [Fe/H] values, 

agree with previous metallicity estimates by medium-resolution K-band spectra within 
the error margin. The values range from approximately −0.6 to +0.4 centered at around 

0.0. The abundance ratios of individual elements with respect to Fe, determined for the 
first time in the present work, are generally aligned with the solar values within the 
measurement errors in all M dwarfs. An exception is GJ 699 (Barnard's star) that 
shows a small departure from the solar abundance ratios. 
 

The abundance ratios of individual elements are comparable to those of FGK 
stars in the solar neighborhood, most of which belong to the thin disk population. The 
wide distribution of metallicity, however, suggests a few of them could be thick disk 
stars. The Galactocentric space velocities 𝑈𝑈𝑈𝑈𝑈𝑈, which are calculated from the radial 
velocities we measured from the IRD spectra and the astrometric measurements of the 
Gaia mission also suggest that a couple of M dwarfs studied in Chapters 2 and 3 show 
similar features to FGK stars classified into the thick disk. 
 

The wide distribution of metallicity could have an impact on planet formation 
around M dwarfs. Whereas scaled solar abundances were found for the 13 objects 
studied in the present work, different abundance ratios could be found in a larger 
sample, given that the existence of thick disk stars is suggested. Abundance 
measurements of individual elements are required to determine accurate metallicity 
and to characterize planets found by the IRD-SSP and other planet searches. 
 

This study provides the first reliable elemental abundances from the line-by-
line analysis for a homogeneous sample of nearby M dwarfs, especially including more 
than 10 objects with T eff  less than 3200 K that have not been previously investigated. 
We also show the possibility of locating M dwarfs on the Galactic chemical evolution 
based on the elemental abundance ratios. The future extension of the analysis to all 
the targets of the IRD-SSP and other planet search projects around M dwarfs will lead 
to a further understanding of the abundance distribution of M dwarfs. This will be 
useful to explore the relation between the chemical composition of M dwarfs and 



properties of the orbiting planets and constrain planet formation theories around the 
most ubiquitous stars in the Galaxy.  

 






