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Space-Time swap, machine learning and dynamical predictions based on partial information

E . Without Newton (Newtonian mechanics, universal gravitation and calculus), can we
predict the positions of n-body problem from observational data, even if these data are
incomplete, involving positions only? The answer is yes! We design a machine learning
algorithm to learn complex systems from partial observables. We show that, any finite
dimensional complex systems can be reconstructed from generic observables. We called it
the principle of space-time swap, it is potentially applicable to a wide range of problems.
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Non-resonant Hopf links near a Hamiltonian equilibrium
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f&ZE: The aim of this talk is to present explicit conditions on the Birkhoff-Gustvason normal
form of a two-degree-of-freedom Hamiltonian system near an equilibrium point, then ensure
the existence of infinitely many periodic orbits on every sphere-like component of the energy
surface near the equilibrium point. The equilibrium is supposed to be a nondegenerate
minimum of the Hamiltonian. Every sphere-like component of the energy surface that
sufficiently close to the equilibrium will contains at least two periodic orbits forming a Hopf
link. The method is to check a certain non-resonance condition in HMS2015 on the rotation
numbers for the Hopf link, and then infinitely many periodic orbits follow. This method is not
making use of any global surface of section, as in HWZ1998. This results is then applied to
the spatial isosceles three-body problem and Hill's lunar problem (Joint with C. Grotta-
Ragazzo and P. A. S. Salomao).
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On the vertical libration of Maxwell's ring configuration with a quasi-homogeneous
potential #1FFR N B T Z i AW A E B & o B R
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E: Wediscuss Maxwell's ring model with a quasi-homogeneous potential of the dominant
mass, and specially study the vertical libration of Maxwell's ring configuration with a Manev
potential. There are two kinds of periodic vertical libration, which are

non-alternating and alternating cases. The Hamiltonian is highly symmetric and can be



reduced to a simple form with two degrees of freedom. Then the Hamiltonian is expanded
near the planar circular relative equilibria. By the Lie transformation technique, the birkhoff
norm form up to the fourth order is calculated. When the mass ratio between the ring and
the dominant mass, and the coefficient of the second term in a Manev potential are both
small enough, the nonlinear stability for the vertical libration of Maxwell's ring configuration
with a Manev potential is then proved according to Arnold's stability theorem.

Some stability results in double-averaged three-body problem

B

E: Averaged models play an important role in celestial mechanics. In this talk, we deal
with the averaged model used to study the secular effects in the motion of a body of the
negligible mass in the context of a restricted three-body problem. We will review the
stabilities in planar problems as will as the spatial circular problem. Then some linear and
nonlinear stability results of the spatial double-averaged elliptic restricted three-body
problem will be introduced.

Periodic and quasi-periodic solutions for systems with certain symmetries

&

E: We study the symmetric central configurations in the n-body problem where n equal
masses are placed at the vertices of a regular n-gon. Since the Hessian matrices at these
configurations are typically very large, computations of their eigenvalues present a
challenging problem. By decomposing the action of the dihedral groups into irreducible
representations, we show that the Hessians can be simplified to a block-diagonal matrix with
small blocks, of the sizes at most 2«2 and the eigenvalues can be explicitly obtained.
Meanwhile, observing the Newtonian n-body problem is invariant under rigid rotations, it
turns out that quasi-periodic trajectories are much more prevalent than periodic ones. We
generalize Poincaré method to Lagrangian systems and Hamiltonian systems where there are
some natural symmetries. We construct a basic framework and provide general technical
conditions for the existence and continuation of families of quasi-periodic trajectories. We
apply our method to simple systems like Harmonic oscillator and pendulum systems, and to
complicated systems such as the three-body problem to obtain quasi-periodic figure-eight
orbits and quasi-periodic first-kind solutions of Poincaré.
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