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The aim of “fundamental” sessions

• Mathematically nontrivial & physically rational

• Foundations for transdisciplinary studies

Subjects:

1.Topological understanding of complex systems

2.Hamiltonian structures

3.Theoretical approach to nonlinear phenomena

4.Challenge of scale hierarchy

5.MHD equilibria as mathematical challenge



“topological” understanding of complex systems

How can we describe/understand complex systems topologically?

• “Word tree” (COT) description of 2D vortex structures and their dynamics 

 T. Yokoyama

• Quantify by topological index: helicity M. Wheatland

How can we find key parameters?
• Data-driven understanding by sparse modeling Y. Igarashi

• Bayesian inference M. Hole

• Deep learning for imaging diagnostics  N. Kenmochi



“topological” understanding of complex systems (1)

COT (Cyclically Ordered rooted Tree) representation of 2D vortex structure

(T. Yokoyama)



“topological” understanding of complex systems (2)

Helicity as the topological index of “twisted” fields (M. Wheatland)

Open field needs careful treatments



“topological” understanding of complex systems (3)

Extracting the key parameters: Sparse modeling for a data-driven approach (Y. Igarashi)



“topological” understanding of complex systems (4)

Extracting the key parameters: Machine learning to imaging diagnostics (N. Kenmoshi)



Hamiltonian structure 
--- as a guide to characterize dynamics/structures 

Casimirs to characterize dynamics/structures

• Noncanonical Hamiltonian mechanics and Casimirs  P.J. Morrison

• Foliation: Isovortical→ Isomagnetovortilcal tested by MRI  R. Zou 

• Constraints determining the minimum zonal enstrophy H. Aibara

• Kinetic effects viewed by fluid Casimirs  R. Numata

• Deformed Li-Poisson algebra producing chirality  Z. Yoshida

• Action principle for relativistic extended MHD Y. Kawazura

Modified Hamiltonian systems to relax “too many constraints” in ideal mechanics

• Metriplectic dynamics to cause relaxation of Casimir  P.J. Morrison

• Simulated annealing to generate MHD equilibria M. Furukawa

• MRxMHD connecting Beltrami fields to generate 3D MHD equilibria 

 R.L. Dewar, D. Malhotra, Z. Qu



Noncanonical Hamiltonian system  

Foliation of phase space by noncanonical bracket (P.J. Morriosn)



Hamiltonian perspective of fluid and kinetic systems

Kinetic effects on fluid Casimirs (R. Numata)

by T. Tatsuno



Modified Hamiltonian system (1)

Multi-region relaxed MHD (R.L. Dewar)

Replace by “global” constants (Casimirs) 

in each region



Modified Hamiltonian system (2)

Modified Hamilton’s equation for finding equilibrium solution (M. Furukawa)

ሶ𝑢 = 𝐽 ∇𝐻 𝑢 , 𝐽 =
0 𝐼 0
−𝐼 0 0
0 0 0

ሶ𝑢 = 𝐽2 ∇𝐻 𝑢 , 𝐽2 =
−𝐼 0 0
0 −𝐼 0
0 0 0

energy relaxation with Casimir invariance    → helical equilibrium



Theoretical approach to nonlinear phenomena/structures

Chaos

• “Matsuoka function” dictating HC-intersections of Henon map  C. Matuoka

• Application of chaos for particle trap    H. Saito

Nearly integrable dynamics

• Nonlinear Alfven wave and Recurrence  R. Mukherjee (U30 winner)

Nonlinear processes in plasma

• Self-consistent nonlinear wave-particle resonances (oc trans.)  Liu Chen

• Phase dynamics in 3-wave coupling  C. Meng

• Deterministic nature of intermittency in geodesic acoustic mode  Z. Liu

• Nonlinear saturation of SAW instability by kinetic effects  T. Wang

• Carrier-envelope phase in nonlinear Compton scattering  J.-X. Li



Theoretical approach to nonlinear phenomena/structures (1)

Analytilcal representation of chaotic attractors (C. Matsuoka)



Theoretical approach to nonlinear phenomena/structures (2)

Chaotic motion of particles in magnetospheric system (H. Saitoh)

Scale separation is overcome for 
high-energy particles

Chaotic motion 
→ effective injection



Theoretical approach to nonlinear phenomena/structures (3)

Recurrence in three dimensional magnetohydrodynamic plasma (R. Mukherjee)

Nearly integrable structures by 
Energy-Casimir foliation



Theoretical approach to nonlinear phenomena/structures (4)

Deterministic nature of intermittency in geodesic acoustic mode (Z. Liu)



Challenge of scale hierarchy

Overcome multiscale difficulty by theoretical approach

• Small ɛ is good ! --- demonstrated by Ge-Fi with EB representation 

 Liu Chen

• Geometrical reduction for kinetic model of “edge turbulence”    N. Tronko

• Measuring multi-scale interactions  S. Maeyama

Multi-scale

• High frequency mode generation by toroidal Alfven eigenmodes  Z. Qiu

Renormalization

• N-particle → Vlasov by renormalization  D.F. Escande



Challenge of scale hierarchy (1)

Interaction between different scales (S. Maeyama)

Generalized Langevin and Mori-Zwanzig projection



Challenge of scale hierarchy (2)

From N-particle to Vlasov (D.F. Escande)

Renormalized particle 

= Debye shielded particle



MHD equilibrium as a mathematical challenge

Existence of solutions

• Non-symmetric solutions  N. Sato

• Construction by “annealing”   M. Furukawa

Solutions with singularities

• MRxMHD R.L. Dewar

• With flow  Z. Qu

• Beltrami solver applying EM eigenfunctions  D. Malhotra

• Current singularities Y. Zhou



MHD equilibrium as a mathematical challenge (1)

by N. Sato

Although looks simple,

one of the most difficult PDE



MHD equilibrium as a mathematical challenge (2)

Construction of “non-symmetric” equilibria  (N. Sato)



MHD equilibrium as a mathematical challenge (3)

Current singularities generated in ideal MHD (Y. Zhou) 

Vortex tube reconnection by Kimura: 

finite time singularity?



Future

• Innovation in methodology for representing complexity.

・topological / geometrical

・data driven approach 

・clear description of scale hierarchy 

• Rigorous proofs for conjectures 

・finite-time singularity

・MHD equilibrium without symmetry

• Make good conjectures to attract young generation


