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I. Report from the visiting scholar

[ i] Achievement during the period of stay (in comparison with the initial plan)

(Collaborative Research)

During my stay at NAOJ | have studied dynamo processes on the Sun and the late-type stars including partially
convective and fully-convective stars. The set of stars include 9 stars which cover the spectral class ranging
from G2 to M6. The stellar rotational periods within the set vary from 4 to 83 days. | applied the nonlinear mean-
field dynamo models to calculate distributions of the large-scale flow and the large-scale magnetic fields inside
each star from our set. Results of our calculations will allow to study the long-term variations of the magnetic
characteristics and variations of the global flows induced by the large-scale magnetic activity. The most
important results include: 1) for the first time we consider the nonlinear solar dynamo model with regards for
the multi-tiered meridional circulation in the solar convection zone; 2) this model was employed further to study
the young solar analogs rotating with periods of 11 and 5 days; it shows the decrease of the magnetic cycle
period, the growth of the global flows variations, and change the topological properties of magnetic field with
the increase of rotation rate for the young Sun; 3) the model shows change of the topological properties of
magnetic field with the spectral class; we found the systematic increase of the strength of the poloidal
components of magnetic field with the decrease of the stellar mass; for example, the model shows the non-
axisymmetric polar field of strength 1.5 kG of the fast rotating M3 dwarf star (with mass of 0.3MS and period of
rotation 4 days). I'm planning to summarize the results of the projects in several papers concerning the solar
and stellar dynamo. Our results give a good base for collaboration with NAOJ about studying properties of the
typical flare regions by means of the mean-field dynamo models. Using our models, we made preliminary
estimations of the magnetic field loops parameters for the stars form our set. This study should be continued
further. During my stay in Kyoto University we had a discussion with Prof Shibata-san’s group about origin of
stellar superflares and we agreed to coordinate our research in this topic.

In collaboration with Prof Nobumitsu Yokoi, we made study of the cross-helicity effect in the 3d large-scale
dynamo. For the first time, it was found that the non-axisymmetric magnetic field on the stars with convective
envelope can be generated solely due to the turbulent cross-helicity effect. When the poloidal magnetic field is
strong, as it often met in the low mass main sequence stars, the near surface cross-helicity dynamo may provide
important mechanism for formation of the large starspots from the poloidal magnetic field. The separate paper

about this subject is in preparation.




(Education)
During my stay, | gave three lectures devoted to the basics of the mean-field electrodynamics theory and its
application to solar and stellar dynamo problem. The lectures were done at NAOJ, University of Tokyo and

Kyoto University.

[NAOJ Seminar on April 7th, 2017]

(Others)

[ii ] Any comments on this program

| find the program extremely valuable, and | want to express my thanks for offering this chance to me.
Certainly, | will recommend this program to other scientists, as well.

[ ii ] List of publications and presentations by the visiting scholar in collaboration with NAOJ staff or graduate
students

Owing to results of study, several papers are in preparation: 1) In collaboration with A.G. Kosovichev, “The
Lambda effect and double-cell meridional circulation in self-consistent solar dynamo model”; Il) The mean-
field dynamo survey of late-type stars; Ill) In collaboration with S. Touriumi: “Large-scale dynamo and
flaring magnetic loops parameters variations in late-type stars”; IV) In collaboration with N. Yokoi

“Generation of polar starspots in large-scale cross-helicity dynamo”
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