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Fig.1 Distribution diagram of planet mass or lower limit
mass as a function of semi-major axis around M dwarf stars.
The dashed line indicates that the planet mass is 0.1 Mj.
The size and color bar represent the planetary radius and
stellar mass, respectively. The light green plus symbols
indicate habitable planets. Most of the small planets are
0.01—0.1 au from their host stars, and giant planets
accumulate near 1 au. Data adopted from

https://exoplanetarchive.ipac.caltech.edu.
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Fig.2 Architectures of multi-planetary systems around M

dwarfs. The color and symbols have the same meanings as

Fig. 1. Most systems are tightly compacted and consist of
planets in similar size. Data adopted from

https://exoplanetarchive.ipac.caltech.edu.
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Fig.3 Schematic representation of the formation paths that create the different kinds of planets. The black and orange arrows

indicate the paths linked to the core accretion and gravitational instability, respectively. The blue arrows represent the paths

shaped by atmospheric evolution. Figure adopted from Ref.[34].
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Fig.4 Planet and host star mass distribution map. Top
panel: the blue dots are the planets only detected by RV
surveys with a low mass limit, and the red dots are the
planets with true masses either from combined RV and
transit surveys, or from Transit Timing Variation (TTV)
measurements. Bottom panel: the black dots show the planet
population simulated by Liu et al 5ol through the pebble
accretion model. The gray line is the theoretically predicted
isolated mass of pebbles. The upper limit of the mass of
terrestrial planets formed around M dwarfs is proportional
to the host star, which is in good agreement with the

observations. Figure adopted from Ref.[35].
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Fig.5 Comparison between the distributions of mass, semi-major axis, eccentricity, and period ratio of planets simulated in

different models and observations. The shadows, green dash-dotted, blue doted and yellow solid lines represent the observations,

insitu, inward migration and convergent migration scenarios, respectively. The convergent migration model has a better match

with observations. Figure adopted from Ref.[45].
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Fig.7 The formation of giant planets around stars with mass of 0.1 M by pebble accretion and gravitational interactions

between planetary embryos. The colored and grey lines depict planets survived after long term evolution, and planetary embryos

that are ejected or merged by collisions, respectively. The filled dots show the collisions and mergers between planetary embryos.

The dashed line in the left panel indicates the transition radius. The dot-dashed line in the right panel represents the pebble

isolation mass in disk. Collisions and mergers between planetary embryos promote the formation of a massive core, which can

further grow through gas accretion and eventually become a giant planet.
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A Review to the Observational and Theoretical Studies of
Planetary Systems around Red Dwarfs

PAN Meng-rui  LIU Bei-bei
(Institute for Astronomy, School of Physics, Zhejiang University, Hangzhou 310027)

AsstracT Red dwarfs are one of the smallest and dimmest main-sequence stars. With the improvement
of observation technology, a rich population of planets have been discovered around them, which exhibits
distinct distribution characteristics from planets around Solar-like stars. Earth-like planets have a higher
occurrence rate around red dwarfs, and the planetary systems are tightly compact. The closer habitable
zone makes it easier to search for habitable planets. The distribution of the radius valley between super-
Earths and sub-Neptunes also differs from that around solar-like stars. Moreover, the discovery of giant
planets around these low-mass stars can be hard to explain by current leading theories of planet forma-
tion. As the mass of solid material in the protoplanetary disk decreases with decreasing stellar masses,
the formation of giant planets remains challenging. The observations from telescopes such as Transiting
Exoplanet Survey Satellite (TESS), James Webb, and Atacama Large Millimeter/submillimeter Array
(ALMA), have provided invaluable insights and opportunities for the study of planetary formation. In
this paper, we review the observations of different populations of planets and summarize the up-to-date
understanding of planetary formation around red dwarfs.

Key words planets and satellites: formation, planets and satellites: terrestrial planets, planets and
satellites: gaseous planets, stars: low-mass
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