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We start with a first order dynamical system:

From which:



Usual dynamical systems:

rank is constant



Usual dynamical systems:

rank is constant

maximal rank nonmaximal rank



Degenerate dynamical systems:

rank is NOT constant



Degenerate dynamical systems:

rank is NOT constant

There exists degenerate surfaces 



We can block diagonalize the matrix



Then, as it is a closed form 

Therefore, we can decouple our equations



Moreover, the character of the degeneracy surface is given
by the flux 







Nonlinear Electrodynamics
K-essence scalar fields

Possible in a plethora of interesting physical systems

Extentions of GR (Lovelock, Horndeski...)

Classical time crystals



Hamiltonians multi-valued in the momenta

Singularities in the dynamical equations

Lagrangians with non-canonical kinetic terms
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The simplest system:



The simplest system:



In the first order formalism









Investigate the quantisation of the toy model:



To quantise the system we define de Dirac bracket

Through which we have the commutation



So that we define the operators



Moreover, we define the weight



A natural choice



First, let 



The boundary conditions gives us a discrete energy



Now, if 

With the boundary condition



As the Hamiltonian in singular at the origin:

So that

The Hilbert is space is then



So that



The energy are the same

If on try to match them:



The full time dependent solution



The degeneracy acts as a sink or a source of
probability:



At last
We gave a new, consistent, and interesting interpretation to
systems with multi-valued Hamiltonians.

Investigate systems with infinite degrees of freedom: local
degeneracies, caustics...

Many possible degenerate systems: Non-linear
electrodynamics, Bose-Einstein condensates, alternative
gravities...

Investigate the quantum mechanics of the degeneracy.



Muito obrigado
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