
Application: Our EPIs yield upper bounds on the capacities of additive 
noise channels parametrized by the scalar                  & a fixed state

(ii) depends only on the eigenvalues of      and is symmetric in them.

Our main result is then as follows:
Inequality (c1) was proposed by Shannon [1] & proved rigorously by
Stam [2] and Blachman [3]. Their proofs employ de Bruijn's identity,
which couples Fisher information with differential entropy. Since
then various different proofs and generalizations of the EPI have
been proposed.Inequality (c2) is due to Lieb [4].

Continuous-variable quantum analogues of the EPI

Koenig & Smith [5] derived quantum analogues of the classical
EPI which hold for continuous-variable quantum systems that
arise, for example, in quantum optics. They replaced r.v.s

with quantum states describing bosonic modes of
electromagnetic radiation (e.g. -mode bosonic states) and used
a beamsplitter with transmissivity to mimic the addition rule

Entropy Power Inequalities for qudits

Classical Setting:

Definition 1: For a continuous random variable (r.v.)

Definition 2: For independent r.v.s on with p.d.f.s
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Inequalities between entropic quantities play a fundamental role in
information theory. Shannon's entropy power inequality (EPI) [1] is
one such inequality, and it has proved to be of relevance in studying
problems not only in information theory but also in probability theory
and mathematical physics. It has been used, for example, in
finding upper bounds on the capacities of certain noisy channels
(e.g.the Gaussian broadcast channel) and in proving convergence
in relative entropy for the Central Limit Theorem.

Differential entropy:
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Analogues of EPIs for qudits

Shannon’s entropy power inequality (EPI) – two equivalent forms:

with p.d.f.

CPTP map

von Neumann entropywhere

Theorem 3:

(i) concave:

A natural question to ask is whether quantum EPIs can also be found 
outside the continuous-variable setting. To address this, we first need to 
formulate an addition rule for   -level systems (qudits).

Note: (i) & (ii) implies Schur concavity:

Define the unitary operator

Definition 3: Let

Let     be the swap operator:

Theorem 1:

Partial swap and a qudit addition rule

It formally resembles the classical scaled addition rule (a1) and  
interpolates between             and                   which swaps the qudits:     

Based on this operator, we define a qudit addition rule via a partial swap 
channel        as follows:

be a class of functions s.t.

denote vectors of eigenvalues of where

To obtain qudit analogs of the bosonic EPIs (q1), (q2) we use Theorem 1
with particular choices of the function     We also obtain a qudit analog of 
the entropy photon number inequality [7] which in the bosonic case 
remains an open problem. For this, it suffices to establish in each case 
that the corresponding function       is concave and symmetric. We define 
entropy power & entropy photon number in analogy to the bosonic case:

Definition 4: 

entropy power 

entropy photon number 

where 

Theorem 2:

Corollary:

Key ingredient of the proof of Theorem 1:

….(c1)

….(c2)

….(q1)

….(q2)

…….….(a1)
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