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Section
Information

In calling for papers we are guided by two
remarkable aspects of the subfield of
Quantum Information Science (QIS):

(i) QIS has led to the refinement and
enlargement of principles of both
information theory and quantum
mechanics, outside of its own boundaries
where the two essentially overlap. It has
opened new windows and suggested
deeper foundational principles for
statistical mechanics. It has given

new meaning to the second law of
thermodynamics. Intimate connections
are being found with gravity and the
structure of space-time.

(i) Regarding practical applications,

QIS has produced breakthroughs in
metrology. Quantum cryptographic
devices are now produced and sold
commercially, while more advanced
schemes continue to be discovered. QIS
has spawned new methods in quantum
chemistry and in correlated many-body
systems. QIS is useful in addressing
questions regarding the role of quantum
coherence in biological systems. Last but
not least, recent years show increasing
optimism that the goal of scalable
quantum computation is attainable within
some of our lifetimes.

A general goal of this section of the
journal is to illustrate how QIS has
impacted the way we think about other
subfields. We especially encourage
authors to submit papers that do this.

Section Editor-in-Chief
Prof. Dr. Rosario Lo Franco
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EI4%xmE Hilbert Space Delocalization under Random Unitary Circuits
A Authors: Xhek Turkeshi and Piotr Sierant

Abstract: The unitary dynamics of a quantum system initialized in a selected basis state
yield, generically, a state that is a superposition of all the basis states. This process,
associated with the quantum information scrambling and intimately tied to the resource
theory of coherence, may be viewed as a gradual delocalization of the system’s state in
the Hilbert space. This work analyzes the Hilbert space delocalization under the dynamics
of random quantum circuits, which serve as a minimal model of the chaotic dynamics of
quantum many-body systems. We employ analytical methods based on the replica trick
and Weingarten calculus to investigate the time evolution of the participation entropies
which quantify the Hilbert space delocalization. We demonstrate that the participation
entropies approach, up to a fixed accuracy, their long-time saturation value in times that
scale logarithmically with the system size. Exact numerical simulations and tensor network
techniques corroborate our findings.

https://doi.org/10.3390/e26060471

Authors: Songbo Xie, Daniel Younis, Yuhan Mei and Joseph H. Eberly

= % yiE Multipartite Entanglement: A Journey through Geometry

Abstract: Genuine multipartite entanglement is crucial for quantum information and
related technologies, but quantifying it has been a long-standing challenge. Most proposed
measures do not meet the “genuine” requirement, making them unsuitable for many
applications. In this work, we propose a journey toward addressing this issue by introducing
an unexpected relation between multipartite entanglement and hypervolume of geometric

simplices, leading to a tetrahedron measure of quadripartite entanglement. By comparing the
entanglement ranking of two highly entangled four-qubit states, we show that the tetrahedron

measure relies on the degree of permutation invariance among parties within the quantum
system. We demonstrate potential future applications of our measure in the context of
quantum information scrambling within many-body systems.

https://doi.org/10.3390/e26030217

Abstract: Any given density matrix can be represented as an infinite number of ensembles
of pure states. This leads to the natural question of how to uniquely select one out of the
many, apparently equally-suitable, possibilities. Following Jaynes’ information-theoretic
perspective, this can be framed as an inference problem. We propose the Maximum
Geometric Quantum Entropy Principle to exploit the notions of Quantum Information
Dimension and Geometric Quantum Entropy. These allow us to quantify the entropy of fully
arbitrary ensembles and select the one that maximizes it. After formulating the principle
mathematically, we give the analytical solution to the maximization problem in a number

of cases and discuss the physical mechanism behind the emergence of such maximum
entropy ensembles.

https://doi.org/10.3390/€26030225

Monitoring, Topological Effects, and Dark States
Authors: Qingyuan Wang, Silin Ren, Ruoyu Yin, Klaus Ziegler, Eli Barkai and Sabine Tornow

Abstract: We investigate a quantum walk on a ring represented by a directed triangle graph
with complex edge weights and monitored at a constant rate until the quantum walker is
detected. To this end, the first hitting time statistics are recorded using unitary dynamics
interspersed stroboscopically by measurements, which are implemented on IBM quantum
computers with a midcircuit readout option. Unlike classical hitting times, the statistical
aspect of the problem depends on the way we construct the measured path, an effect
that we quantify experimentally. First, we experimentally verify the theoretical prediction
that the mean return time to a target state is quantized, with abrupt discontinuities

found for specific sampling times and other control parameters, which has a well-known
topological interpretation. Second, depending on the initial state, system parameters, and
measurement protocol, the detection probability can be less than one or even zero, which
is related to dark-state physics. Both return-time quantization and the appearance of the
dark states are related to degeneracies in the eigenvalues of the unitary time evolution
operator. We conclude that, for the IBM quantum computer under study, the first hitting
times of monitored quantum walks are resilient to noise. However, a finite number of
measurements leads to broadening effects, which modify the topological quantization and
chiral effects of the asymptotic theory with an infinite number of measurements.

https://doi.org/10.3390/e26100869



