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We present a new symplectic model of Information Geometry [1,2] based
on Jean-Marie Souriau’s Lie Groups Thermodynamics [3,4]. Souriau model
was initially described in chapter IV “Statistical Mechanics” of his book
“Structure of dynamical systems” published in 1969. This model gives a
purely geometric characterization of Entropy, which appears as an invariant
Casimir function in coadjoint representation, characterized by Poisson coho-
mology. Souriau has proved that we can associate a symplectic manifold to
coadjoint orbits of a Lie group by the KKS 2-form (Kirillov, Kostant, Souriau
2-form) in the affine case (affine model of coadjoint operator equivariance via
Souriau’s cocycle) [5], that we have identified with Koszul-Fisher metric from
Information Geometry. Souriau established the generalized Gibbs density co-
variant under the action of the Lie group. The dual space of the Lie algebra
foliates into coadjoint orbits that are also the Entropy level sets that could be
interpreted in the framework of Thermodynamics by the fact that dynamics
on these symplectic leaves are non-dissipative, whereas transversal dynam-
ics, given by Poisson transverse structure, are dissipative. We will finally
introduce Gaussian distribution on the space of Symmetric Positive Definite
(SPD) matrices, through Souriau’s covariant Gibbs density by considering
this space as the pure imaginary axis of the homogeneous Siegel upper half
space where Sp(2n,R)/U(n) acts transitively. We will also consider Gibbs
density for Siegel Disk where SU(n,n)/S(U(n)xU(n)) acts transitively. Gauss
density of SPD matrices is then computed through Souriau’s moment map
and coadjoint orbits.

[1] Frédéric Barbaresco, Symplectic theory of heat and information geometry,
chapter 4, Handbook of Statistics, Volume 46, Pages 107-143, Elsevier, 2022
https://doi.org/10.1016/bs.host.2022.02.003

https://www.sciencedirect.com/science/article/abs/pii/S0169716122000062

1

https://doi.org/10.1016/bs.host.2022.02.003
https://www.sciencedirect.com/science/article/abs/pii/S0169716122000062


[2] Frédéric Barbaresco, Jean-Marie Souriau’s Symplectic Model of Statisti-
cal Physics: Seminal Papers on Lie Groups Thermodynamics - Quod Erat
Demonstrandum. In: Barbaresco, F., Nielsen, F. (eds) Geometric Structures
of Statistical Physics, Information Geometry, and Learning. SPIGL 2020.
Springer Proceedings in Mathematics & Statistics, vol 361. Springer, 2021
https://doi.org/10.1007/978-3-030-77957-3_2

https://link.springer.com/chapter/10.1007/978-3-030-77957-3_2

[3] Jean-Marie Souriau, 1969. Structure des systèmes dynamiques. Dunod.
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