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Talk Abstract
We prove the existence of global in time, finite energy, weak solutions to a
quantum magnetohydrodynamic system [7] (QMHD) with large data, modeling a charged quantum fluid interacting with a self-generated electromagnetic field. The analysis of QMHD relies upon the use of Madelung transformations. The rigorous derivation requires non-trivial smoothing estimates,
which are obtained by assuming slightly higher regularity for the electromagnetic potential. These assumptions are motivated by the nonlinear dependence of the hydrodynamic system in terms of the underlying wave function
dynamics, which is supercritical with respect to the bare energy bounds.
[2, 3, 4]
Due to quantum effects on the dispersive properties of QMHD, our approach
requires neither smallness nor high regularity, unlike a large amount of existing literature for Euler-Maxwell’s classical system [9, 8]. In fact, the difficulty
posed by the presence of the nonlinear electromagnetic force field (Lorentz)
severely restricts the possibility to get existence and stability results in the
general framework of finite energy solutions. In the classical case the dispersion is not able to deal with the transport of a non-trivial vorticity, therefore
almost GWP holds in a life span, reciprocal of the amplitude of the vorticity.
GWP can be proved in the irrotational case, where in any case smallness and
high regularity assumptions are needed.
For quantum MHD system the irrotationality and the presence of a highly
nonlinear quantum stress tensor induce much stronger dispersive properties,
as a byproduct of a close relationship with the classical Maxwell-Schrödinger
system. Therefore the core argument is shifted to the analysis of the nonlinearities related to the formulation of the hydrodynamic variables through
the Madelung transformations. The analysis carried out in section 4 shows
that it is necessary to go through non-trivial smoothing estimates and these
require us to assume regularity conditions, just above the energy norms, for
the initial data of the Maxwellian electromagnetic potential. In the same
regime of regularity, with the help of suitable local smoothing estimates, we
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also prove stability of both the hydrodynamic variables and the Lorentz force
associated with the electromagnetic field. These results can be found in [6]
Keywords: Quantum hydrodynamics, Quantum MHD, Maxwell-Schrödinger,
Madelung transformation, Finite-energy weak solutions, Large data.
Acknowledgements
Partially supported by INDAM-Gnampa, CUIM - GSSI, PRIN - MIUR (Grant
20204NT8W4).

References
[1] P. Antonelli, Remarks on the derivation of finite energy weak solutions
to the QHD system, Proc. Amer. Math., 149 (2021), pp. 1985-1997.
[2] P. Antonelli and P. Marcati, On the finite energy weak solutions to
a system in Quantum Fluid Dynamics, Comm. Math. Phys., 287 (2009),
pp. 657–686.
[3] P. Antonelli and P. Marcati, The Quantum Hydrodynamics system
in two space dimensions, Arch. Rat. Mech. Anal., 203 (2012), pp. 499–527.
[4] P. Antonelli, P. Marcati, and H. Zheng, Genuine Hydrodynamic
Analysis to the 1-D QHD system: Existence, Dispersion and Stability,
Commun. Math. Phys., 383 (2021), pp. 2113–2161.
[5] P. Antonelli, P. Marcati, and R. Scandone, Global wellposedness for the non-linear Maxwell-Schrödinger system, Annali della
Scuola Normale Superiore di Pisa Classe di Scienze, doi:10.2422/20362145.202010 033.
[6] P. Antonelli, P. Marcati, and R. Scandone, Existence and Stability of almost finite energy weak solutions to the Quantum Euler-Maxwell
system arXiv:2109.14588v2, https://doi.org/10.48550/arXiv.2109.14588.
[7] R. Feynman The Schrödinger Equation in a Classical Context: A Seminar on Superconductivity, The Feynman Lectures on Physics Vol. III
Ch. 21, Online: https://www.feynmanlectures.caltech.edu/
[8] Y. Guo, Smooth irrotational flows in the large to the Euler-Poisson system in R3+1 , Commun. Math. Phys., 195 (1998), pp. 249–265.
[9] P. Germain and N. Masmoudi, Global existence for the Euler-Maxwell
system, Ann. Sci. E.N.S., 47 (2014), pp. 469–503.

2

