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On plectic and p-adic Hodge theory

In the context of arithmetic geometry, Hodge theory may be regarded as the study of realization of
algebraic information of varieties through comparison between cohomologies which are constructed by
different methods. In this thesis we will study developments of Hodge theory in two directions.

Part 1 concerns plectic Hodge theory. The plectic conjecture of Nekovar-Scholl speculates that
“Motives with real multiplication have unknown additional structures”. While this conjecture is not yet
formulated precisely, it is expected that the Hodge realizations define representations of a certain
pro-algebraic group. However it would be impossible to define such a structure on cohomology groups
directly, hence we need to characterize it in terms of another structure having cohomology theoretical
origin.

As a remedy, in this thesis we will define the category of mixed plectic Hodge structures, and prove
that it is naturally equivalent to the category of representations of the pro-algebraic group. We will also
calculate the extension groups in this category. Results in Part 1 are given by a joint work with Kenichi
Bannai, Kei Hagihara, Shinichi Kobayashi, Shuji Yamamoto, and Seidai Yasuda. The applicant
contributed to main parts including calculation of extension groups.

Part 2 concerns rigid geometric study of Hyodo-Kato theory. The Hyodo-Kato map between certain
cohomologies plays an important role in the formulation and the proofs of the main theorem of p-adic
Hodge theory. The Hyodo-Kato map has been constructed by Hyodo and Kato firstly, by using log
crystalline cohomology as the domain. After that, Grosse-Klonne gave another construction by using log
rigid cohomology as the domain. However, fundamental properties including functoriality of the later
construction was not known due to technical difficulties.

As a solution, in this thesis we will first improve log rigid cohomology theory for log schemes with
boundary, and give a framework satisfying functoriality and admitting Frobenius actions. Using this, we
will prove the functoriality of Grosse-Klonne’s Hyodo-Kato map and the compatibility with the crystalline
construction. As a corollary, we will also give an isomorphism between the rigid syntomic cohomology
and Nekovar-Niziol’s crystalline syntomic cohomology for strictly semistable log schemes. The results in
Part 2 are given by a joint work with Veronika Ertl. The applicant handled main parts including

improvement of log rigid cohomology theory.






