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Dirac Hermiticity

H — H T (1 meandranspose + compleconjugate)

guarantees real energy and wur
mathematicaland not gphysical axiom of guantum mechanics

Dirac Hermiticity can be generalized:

Replace DiracHermiticity by the physical
and weakercondition of PT symmetry



Example of a nornHermitian
PT-symmetric Hamiltonian:

This Hamiltonian has

|
PT symmetry! P = parity

1= time reversal



A classof PT-symmetric Hamiltonians:
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Developments INPT Quantum Mechanics
(Since oofficiald beginning 1in

* Over fifteen international conferencesén
* Over 1000 published papers

* Many manymany experimental results in last four years



ONR BAA Announcement Number: ONRBAA12-020

BROAD AGENCY ANNOUNCEMENT (BAA)
Fiscal Year (FY) 2013 Department of Defense Multidisciplinary Research Program of the

University Research Initiative

INTRODUCTION:

This publication constitutes a Broad Agency Announcement (BAA) as contemplated in
Department of Defense Grant and Agreement Regulation (DODGARS) 22 315(a). A formal
Request for Proposals (RFP), solicitation, and/or additional information regarding this
announcement will not be issued. Request for the same will be disregarded.

The Office of Naval Research (ONR) will not issue paper copies of this announcement. The
ONR and Department of Defense (DoD) agencies involved in this program reserve the right to
select for award all, some or none of the proposals submitted in response to this
announcement. The ONR and other participating DoD agencies provide no funding for direct
reimbursement of proposal development costs. Technical and cost proposals (or any other
material) submitted in response to this BAA will not be returned. It is the policy of ONR and the
other participating DoD Services to treat all proposals as sensitive competitive information and
to disclose their contents only for the purposes of evaluation.

The DoD Multidisciplinary University Research Initiative (MURI), one element of the University
Research Initiative (URI), is sponsored by the DoD research offices: the Office of Naval
Research (ONR), the Army Research Office (ARO), and the Air Force Office of Scientific
Research (AFOSR) (hereafter collectively referred to as "DoD agencies”).

Awards will take the form of grants. Therefore, proposals submitted as a result of this
announcement will fall under the purview of the Department of Defense Grant and Agreement
Regulations (DoDGARs).



AFOSR FY2013 MURI TOPIC #15
Submit white papers and proposals to Air Force Office of Scientific Research

Photonic Synthetic Matter

Background: The fundamental symmetries of parity and time are now being exploited to an average of $1.5M per year for 5 years, supporting no more than 6 funded faculty

enable the spatial guiding and selection of propagating radiation, and could ultimately researchers. Exceptions warranted by specific proposal approaches should be discussed
underpin a new generation of sophisticated, integrated photonic devices. Parity-Time (PT) with the topic chief during the white paper phase of the solicitation.

Symmetric Materials is a class of theoretically conceived materials that does not exist in

nature. _Much like _negative-index ma_iterials, itis based onan _a_bstract set of m_athematical Research Topic Chiefs: Dr. Arje Nachman, AFOSR, 703-696-8427,

properties governing eleciromagnetic wave propagation. It initially emerged within the arje nachman@afosr af mil: Dr. Charles Lee, AFOSR, 703-696-7779, Charles lee@afosr. af mil

context of quantum field theory as a novel theoretical construct. Mathematically speaking, a
physical system exhibits Parity Time-symmetry provided that a physical trait of the system is
invariant under the combined action of spatial and time reversal. In the past few years, the
possibility of PT-symmetry was theoretically introduced and experimentally demonstrated
(proof of principle) by several groups. One-dimensional PT-symmetric systems have been
achieved by fabricating a matenal-system in which optical loss is judiciously balanced by
optical gain via inversion symmetry. Suitably configured PT-symmetric materials will allow
unusual control of how waves propagate through the materials. For example, PT concepts
can provide new strategies to introduce gain in many optical metamaterials and plasmonics
systems that have so far been plagued by losses. Scattering from PT structures can be
appropriately engineered to induce an abrupt switch to a new state of behavior which can
provide opportunities for designing new laser structures and, alternatively, coherent perfect
absorbers or anti-lasers. Polymer processing will allow the fabrication of 1D (waveguides),
2D (Bragg arrays), and 3D (nano- and micro-scatterers and whispering gallery resonators)
structures, which would be difficult to achieve with other materials. The flexibility of polymers
Is a valuable asset that allows, for example, the fabrication of structures that may conform to
non-planar geometries or configurations such as the external surface of an aircraft. During
this effort, the potential of PT-symmetry will be explored by conducting further theoretical
studies of these structures through modeling and simulation and extending the PT-symmetry
concepts beyond the optical regime. Unusual wave propagation control will be explored by
extending the 1D demonstration to fabrication of complex 2D and 3D structures through
advanced polymer processing techniques.

Objective: To explore and to achieve 1D, 2D, and 3D PT-Symmetric structures in the
optical regime and to extend the PT-Symmetry concept beyond the optical domain.

Research Concentration Areas: (1) Theoretical studies involving both modeling
and simulation methods to analyze the optical behavior of PT-symmetric systems in higher-
dimensions and under vectorial or nonlinear conditions will be pursued. Exploration of the
concepts and models beyond the optical regime to other quantum domains of open systems
will also be undertaken. (2) Utilization of advanced self-assembly approaches such as
engineered specific interactions, nano-domain phase separation control, and advanced
multi-component fiber spinning processes to achieve multi-dimensional PT-symmetric
systems. (3) Perform experiments to characterize these PT-symmetric systems and to validate
theoretical predictions. Also explore how optical isolation can be enhanced with such
materials in the context of photonic monolithic integration for next generation photonic
maonolithic circulates, like RF engineered semiconductor lasers.

Resource Allocation: It is anticipated that awards under this topic will be no more than

49



Rigorous proof of real eigenvalues

Proofis difficult! Uses techniquesom conformal field
theory and statistical mechanics:

(1) Betheansatz

(2) Monodromygroup

(3) Baxter 1Q relation

(4) Functionadeterminants

MODE/IMCor respondenceo
P.Dorey, C. Dunning, and Rlateo
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