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We use supersymmetry to calculate exact spectral densities for a class of non-Hermitian
complex random matrix models having the form M = S + LXR, where X is a random
noise partX and S, L,R are fixed structure parts. This is a certain version of the ”external
field” random matrix models. We found two-fold integral formulas for arbitrary structural
matrices. We investigate some special cases in detail and carry out numerical simulations.
The presence or absence of a normality condition on S leads to a qualitatively different
behaviour of the eigenvalue densities.

Relevant paper: http://arxiv.org/abs/1605.01159.

1



Talk Number

Dynamics of interaction of Peregrine solitons in the
continuous nonlocal Schrödinger system with

parity-time symmetry

Samit Kumar Gupta1, Amarendra K. Sarma2

Indian Institute of Technology Guwahati1, Indian Institute of Technology Guwahati2

samit.kumar.gupta@gmail.com1

Recently Ablowitz and Musslimani [Phys. Rev. Lett. 110, 064105 (2013)] have pro-
posed an integrable nonlocal nonlinear Schrödinger equation model where the standard
third order nonlinearity |ψ(x, z)|2ψ(x, z) is replaced by its Parity-time-symmetric form:
ψ(x, z)ψ∗(−x, z)ψ(x, z). This equation admits Peregrine soliton solutions. This model
also supports Peregrine rogue wave in the broken PT-phase for a single initial Peregrine
soliton excitation. In this work, we report a numerical investigation of the interaction
of two first order Peregrine solitons in both in-phase and out-of-phase conditions. We
find that for the in-phase condition, in the unbroken PT-phase, the model yields the KM
soliton breather when the transverse shift is small. On the other hand, in the broekn
PT-phase it yields instability behaviors. In the out-of-phase condition, the model results
in oblique propagation dynamics of the optical fields.
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We study the tunneling effect in nearly integrable systems with a non-hermitian per-
turbation. In the integrable system such as a particle moving in the one-dimensional
double well potential, the energy splitting ∆E caused by quantum tunneling is evaluated
as

∆E ∼
!→0

e−S/!, (1)

by the semiclassical (WKB) approximation, where the action S is determined by the
classical quantity [1, 2]. On the other hand, in the systems under the periodic perturba-
tion, the corresponding classical system becomes non-integrable. If one plots the energy
splitting as a function of 1/!, it exhibits persistent enhancement from the prediction (1)
accompanying spikes.

The spike can be interpreted as energetic resonance with excited states by photon
absorption in the language of quantum dynamics, but it may be reinterpreted by the
language of classical dynamics. The theory of resonance-assisted tunneling (RAT) have
discussed the relation between the appearance of the spikes and the classical non-linear
resonances, and then it claimed that the classical non-linear resonances create a bunch of
spikes, which brings the enhancement of tunneling probability [3, 4].

The appearance of the spikes in the energy splitting has been considered as the origin
of the enhancement of tunneling probability, but to make clear this issue, we introduce a
weak non-hermitian perturbation which pushes the resonant states to the complex domain.
By applying this perturbation, we found the spikes and the persistent enhancement have
the different origin, and it was unveiled that the staircase-like structure is hidden in the
energy splitting curve as a function of 1/! [5].
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Quantum walks are an important tool in the field of quantum information theory. In-
deed as a method of universal quantum computation, they have motivated the creation
of quantum algorithms that are faster and more e�cient than their classical analogues,
and provided a vital link between quantum computation and modeling complex quan-
tum dynamical systems (for example, photosynthesis). However, one disadvantage of the
quantum walk is the imposition of unitarity, due to the quantum nature of the walk-
ers. As such, the conventional quantum walk is unable to model or analyze directed
network structures, without either a) resulting in non-unitary dynamics, or b) modifying
the framework. This serves as a particular hindrance in extending established quantum
algorithms (e.g. quantum search, centrality measures, graph isomorphism) and quan-
tum dynamical models to systems with direction/biased potentials (such as transport of
electrons or excitons).

One such solution to this problem lies in the field of PT-symmetry, which o↵ers the ca-
pability to perform quantum walks on directed graphs with non-Hermitian Hamiltonians
whilst preserving the norm. In this presentation, we formalize a rigorous framework for
continuous-time quantum walkers (CTQWs) on pseudo-Hermitian directed graph struc-
tures. This is then extended to the cases of multi-particle quantum walks and interdepen-
dent networks, before being utilized to measure vertex centrality in various small graphs
– resulting in strong agreement with the classical PageRank algorithm, and in some cases
even distinguishing vertex equivalence classes not identified by PageRank. Unlike previous
quantum centrality measures, for a graph of N vertices this algorithm requires a Hilbert
space of dimension N (compare this to the Szegedy quantum walk PageRank algorithm,
which requires a N2 dimensional Hilbert space), and without the classical decoherence
required for open quantum systems. Furthermore, we show that this formalism is equiva-
lent to considering an undirected, yet weighted, complete graph with self-loops, providing
a structural interpretation that may lead to simple experimental implementation.
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Scattering amplitudes for the rationally extended PT symmetric complex potentials In
this paper, we consider the rational extensions of two different PT symmetric complex
potentials namely the asymptotically vanishing Scarf II and asymptotically non-vanishing
Rosen-Morse II [ RM-II] potentials and obtain bound state eigenfunctions in terms of
newly found exceptional Xm Jacobi polynomials and also some new type of orthogonal
polynomials respectively. By considering the asymptotic behaviour of the exceptional
polynomials, we obtain the reflection and transmission amplitudes for them and discuss
the various novel properties of the corresponding amplitudes.
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Non-hermitian Hamiltonians play an important role in the study of dissipative quan-
tum systems. Traditionally non-hermitian Hamiltonians have been used to phenomeno-
logically describe processes which lead to a non conservation on particle number, eg ra-
dioactive decay, scattering phenomena, and open quantum systems. In all such cases,
the probability does not have to be conserved in general. Phase volume corresponds
to entropy in classical theory, because the probability is represented by phase volume.
Therefore, non-conservation of the probability causes changes of entropy

In this presentation, we consider the quantum entropy of systems described by non-
hermitian Hamiltonians. The determinant of the density matrix in fact decays over time
in non-hermitian Hamiltonian systems. From this, it can be presumed that the deter-
minant of the density matrix in quantum systems corresponds to the phase volume in
classical systems, from which the volume of a parallelepiped spanned by three vectors is
the absolute value of the scalar triple product. According to this result, the determinant
of the density matrix in quantum systems is comparable to phase volume compression in
classical dissipative systems. We derive a relation between trace and determinant for the
density matrix. The relation indicates that there is a difference relating to the degree of
mixture between them. The phase volume is equivalent to entropy in classical theory. It
implies that the determinant of the density matrix has relevance to entropy in quantum
theory. We naturally show that quantum entropy is connected to the determinant of the
density matrix in non-hermitian quantum systems which corresponds to phase volume
compression in classical systems.

Next, we study an evolution equation with respect to a normalized density matrix
in non-hermitian quantum systems. This evolution equation is derived by using a non-
normalized density matrix. The generator of this evolution equation can be divided into
two parts: The first part describes local unitary dynamics and the second term incoherent
processes. In our previous work, we obtained the identity connect a change of the quantum
entropy to a generator of the evolution equation. Applying the identity to the above
evolution equation, we obtain a change in the quantum entropy attributed mainly to the
incoherent part of the evolution equation for the density matrix. As a result, we can
evaluate how the change in the quantum entropy is influenced from the incoherent part
of the evolution equation in non-hermitian quantum systems.
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Recently, non-Hermitian systems with PT (combined parity and time-reversal) sym-
metry have been realized in various experiments, and many interesting phenomena have
been observed in these systems. However, difficulty in controlling gain and loss effects
makes most experimental systems have only a small number of elements. In contrast,
quantum walks can overcome this difficulty.

Quantum walks recently attract attentions as a versatile platform for quantum compu-
tations and quantum simulations. Quantum walks describe quantum dynamics of particles
(walkers) with several internal states by a time-evolution operator composed of coin oper-
ators, shift operators, and so on. The coin operator varies the internal states of walkers,
and the shift operator changes the positions of walkers depending on the internal states.
Quantum dynamics is described by acting the time-evolution operator to a quantum state
at each time step. In 2012, a quantum walk built by optical fiber loops was experimentally
implemented, in which highly tunable gain and loss effects are included with additional
optical amplifiers [1]. Effects of gain and loss make the time-evolution operator nonuni-
tary, which means the effective Hamiltonian is non-Hermitian. It is known that, in certain
parameter regions, the system has entirely real quasienergy.

In the present work, we explicitly show that the reality of quasienergy obtained in
Ref [1] stems from PT symmetry [2]. We find that parameters of operators must have
correlations not only in spatial direction but also in time direction in order to preserve
PT symmetry of the time-evolution operator. In addition, we numerically show that
although parameters of the coin operator are random over the position space and the
time-evolution operator does not hold PT symmetry in the explicit sense, the system can
have entirely real quasienergy. Then, we discuss the reason why this occurs and study
the effects of randomness on nonunitary quantum walks.
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We construct new ensembles of random matrices on the spaces of split-complex and
split-quaternionic matrices, built using similar assumptions to the Gaussian Orthogonal,
Unitary and Symplectic Ensembles, and compare some of the similarities and differences.
We demonstrate that split-complex and split-quaternionic Hermitian matrices are isomor-
phic to PT -symmetric matrix Hamiltonians, and thus conjecture that these new ensembles
can potentially be used as universality classes for PT -symmetric quantum systems whose
closed equivalents are classically chaotic. We derive explicit results for the spectral densi-
ties of our new ensembles in the 2×2 case, and numerically identify properties in the more
general N×N case. We further introduce PT -symmetric extensions of some paradigmatic
models of quantum chaos and explore their spectral features.
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There has been much interest in the transport properties in nano scale graphene thin
films. In our work, monolayer and bilayer graphene devices have been fabricated as a
very small antenna so as to apply for the terahertz (THz) detection. We focus specifically
on the influence of THz irradiation as a noise property in graphene thin films. In our
experiment at room temperature, two kinds of temperature coefficient have been observed
in their resistance measurement as well as positive (metallic) or negative (semiconducting)
temperature coefficient in room temperature, respectively, for monolayer or bilayer film.
Then, we can use such dependence for our bolometric response as a clear detection of
THz irradiation. The bolometric response has been characterized via changes in the
spectral density of the 1/f resistance noise in the devices, as induced as a function of the
incident THz power. Increasing radiation power, the spectral density has been found to
show opposite dependence each other, metallic or semicondactiong, that are consistent
with those exhibited by the opposite sign of the temperature coefficient of the devise
resistance. Each bolometric response can be connected to a corresponding variation of
the Hooge parameter as a function of the THz power. We would like to discuss on the
1/f resistance noise properties in graphene thin films.
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Average bias is necessary for a steady current in a macroscopic system, but the av-
erage bias for a steady current is not always necessary in mesoscopic systems. Indeed,
when a system is slowly and periodically modulated by several control parameters such
as chemical potentials, gate voltages, and tunneling barriers, there exists a net average
current without dc bias. This phenomenon is known as geometric pumping. The average
current from the geometric pumping has been investigated by several researchers e.g. [1]
in the adiabatic limit, but the forms of higher order cumulants and the fluctuation theo-
rems are not known so far. The purpose of this study is (i) to clarify whether there is the
fluctuation theorem in geometric pumping, and (ii) to identify the form of the fluctuation
theorem as well as the fluctuation-dissipation relation in the lower order cumulants.

To accomplish our purpose, we use the Monte Carlo simulation to a spin-boson system
with tunneling rate Γ. The result is presented in Fig. 1, where P (q) is the distribution
of charge transfer q with the control velocity Ω. Blue dots are data obtained from the
simulation and the red line is the result of our theory. This result is similar to the steady
fluctuation theorem under bias. In this presentation, we also demonstrate the existence
of a generalized the fluctuation dissipation relation in this system.

Figure 1:
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