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ABSTRACT

The Maximum Entropy (MaxEnt) principle introduced by Jaynes is an information-theoretical

approach, based on the maximization of the entropy measure I(p1, . . . , pn) subject to some rel-

evant constraints, deriving the probability structure pi which corresponds to the highest entropy

value I → Imax. Originally, it has been successfully applied on the information-theoretic Shannon

measure, i.e., IS(p1, . . . , pn) :=
∑n

i=1 pi ln(1/pi) yielding correctly the equilibrium distributions

of the statistical mechanics. Particularly, considering a closed thermodynamic system being in

thermal contact with a heat bath, the former distribution is of exponential form, i.e., pi = e−βεi/Z,

where Z is the normalization factor corresponding to the partition function of the system. This

function is of great physical importance since it fully determines the free energy of the system.

The application of the MaxEnt formalism then yields the former distribution under the constraints

of probability normalization and the internal energy as follows

δ

{
IS(p1, . . . , pn)− γ

[ n∑
i=1

pi − 1

]
− β

[ n∑
i=1

piεi − U
]}

= 0 . (1)

Later on, the MaxEnt principle has also been the usual tool for deformed Shannon entropies,

such as the Tsallis [1], Rényi [2] and Kaniadakis [3] entropies, yielding various types of probability

distributions. In this context, the deformation of the internal energy constraint has been introduced

as well, the so-called escort energy mean value, with the dominant candidate (third generation
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escort energy mean value) being the expression

Uq =
n∑
i=1

pqi∑n
k=1 p

q
k

εi (2)

Moreover, different approaches equivalent to MaxEnt have been developed as well, to derive the

equilibrium distributions [4, 5].

However, despite all the progress in theory and applications accomplished within the field of

deformed entropies, there are still some serious and unsolved obstacles related to this approach.

In this presentation, setting Eq. (1) under scrutiny for any entropy I(p1, . . . , pn) subject to the

linear energy mean value, U =
∑n

i=1 piεi, we unveil one of these obstacles, namely that the Max-

Ent principle in its generality (and accordingly all equivalent methods) does not yield factorized

probability expressions as pi = g(εi)/Z, where Z =
∑

i g(εi) [6]. This in turn means that one

cannot attribute a normalization factor Z as the partition function, and therefore cannot secure the

foundation of the thermodynamic observables, since the partition function is in general essential

to the calculation of the thermodynamic observables.

Regarding the escort mean value Uq, we show that its consideration with respect to the max-

imization of the two most common entropic structures, i.e., the Tsallis and Rényi ones, leads to

self-contradicting results [7]. Accordingly, one should come up with a novel methodology of max-

imization for the deformed functions which is also compatible with the Shore-Johnson axioms.
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