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Evolution of quantum theory and Entanglement
Ajoy K. Ghatak
Abstract. The talk will briefly discuss the evolution of various theories of light which eventually led

to quantum theory and concepts associated with it. It will also discuss the EPR Paradox and a simple
derivation of Bells inequality.

Professor Meghnad Saha Fellow of NASI
Formerly Indian Institute of Technology, Delhi
Email: ajoykghatak@gmail.com

Prof. Ajoy Ghatak is currently Professor MeghnadSaha Fellow of NASI (The National Academy of
Sciences, India). He received his BSc from Agra College, M.Sc from Delhi University and PhD
from Cornell University. After a short tenure as a Research Associate at Brookhaven National
Laboratory, he joined IIT Delhi in 1966. Professor Ghatak has research interests in Fiber Optics &
Quantum Mechanics. He has authored several books including his undergraduate text on OPTICS
which has been translated to Chinese and Persian.

His other books include Quantum Mechanics: Theory & Applications (coauthored with Professor S.
Lokanathan), Fiber Optics, Lasers, Optical Electronics (all 3 coauthored with Professor K.
Thyagarajan) and a popular book on AlbertEinstein: The Story of a Genius. He is recipient of several
awards including the 2008 SPIE Educator award in recognition of “his unparalleled global
contributions to the field of fiber optics research, and his tireless dedication to optics education
worldwide..”, the 2003 Esther Hoffman Beller award (instituted by The Optical Society of
America) in recognition of his “outstanding contributions to optics education ...”, the 2003
Khwarizmi award, the International Commission for Optics 1998 Galileo Galilei award and also the
CSIR 1979 S.S. Bhatnagar award for “outstanding contributions in physical sciences”.



OSI-I1SO 2018 manuscript No.
(L2)

Optical Cryptography for Information Security: A Personal Tour
(2000-2018)

Kehar Singh

Abstract. In recent years, the march of optics/photonics has posed a serious challenge to the
supremacy of digital electronics-centered technology, benefitting numerous areas of science and
engineering. Cryptography which has been traditionally an area of computer science and
engineering, is also no exception. Due to inherent advantages of parallel processing and increased
key-space provided by optical techniques, optical cryptography has made rapid inroads into the areas
hitherto dominated by digital electronics. The proposed talk aims at presenting glimpses of some
aspects of optical cryptography such as double random phase encoding and its variants using various
integral transforms such as Fourier-,Fresnel-,Mellin-,gyrator-,and Hartley transforms as also their
fractionalized versions. Systems based on photorefractive-,and digital holography, and structured
phase masks would also be discussed. Vulnerability of the cryptosystems for some type of attacks
would be briefly mentioned. The talk is aimed at presenting glimpses of some systems, based mainly
on the researches carried out by the author’s groups at IIT Delhi and NorthCap University
Gurugram.

Formerly Indian Institute of Technology, Delhi
E-mail: keharsiitd@gmail.com

Prof. Kehar Singh served IIT Delhi since 1965 in various capacities, including Head Physics Deptt.,
and Dean Post Graduate Studies and Research. He was an ‘Academic visitor’ at the Imperial College
London (1969-70) and visited /carried out research for short periods at British Scientific and
Industrial Research Association Ealing, Queen’s Univ. Belfast , and N. P. L. Teddington (UK). He
served as CLUSTER Chair at the Swiss Federal Inst. of Technology, Lausanne (Switzerland) in Dec.
2002. Until June 30, 2011 he served as an Emeritus Fellow at IIT Delhi where he continued to teach
and carry out research. Since 2011, he has been working as anHony. Distinguished Research
Professor at the NorthCap University, Gurgaon (Haryana) where he mentors a group of faculty
members. He also served as Chairman of the Research Council of IRDE (DRDO) Dehradun, and is a



member of the Research Council of N.P.L. Delhi. Since May 2015, he has been serving as an
Associate Editor of the journal ‘Optics Express’. He is also engaged in popularizing optics and
photonics by giving special lectures at various technical institutions, especially in the NCR.

Prof. Singh as an active researcher and educator, created infrastructural facilities for teaching and
research at IITD in his areas of specialization: Photonics/Information Optics (Image formation and
evaluation, Dynamic holography, Nonlinear photorefractives, Optical correlators, Holographic
storage, Nanophotonics, Singular optics and Optical encryption). He has authored / co-authored
nearly 350 peer reviewed research papers, besides approx. 70 review articles in books and and
journals, and 60 papers in confer. proceedings. He has mentored 35 doctoral students besides
supervising 75 M.Tech.,M.Sc., and B.Tech. student projects, and had been the backbone of the M.
Tech. program in Applied Optics at IITD, ever since its inception in 1966.

His awards include: S. S. Bhatnagar-, Galileo Galilei- (ICO), ‘Opt.Soc.India’-‘Life Time
Achievement’ and Golden Jubilee ‘Distinguished Service Award’ of IIT Delhi. He was also honored
in 2011 under the golden jubilee “Honoring the Mentor’ program of IITD. He is a Fellow of OSA,
SPIE, INAE, OSI, and LASSI and served as President OSI , LASSI, ISCA (Physical Sci. Sec.) Prof.
Singh is an international advisory member of editorial boards of Optical Review (Japan), J. Optics
(India), and Computer Optics (Russia). He also served on the editorial boards of Optics & Lasers in
Engg. (Elsevier) and Indian J. Pure Appl. Phys. (CSIR). He has been serving as a reviewer of
research papers for several journals of repute and has given approx. 95 invited lectures in various
international and national conferences, besides having been associated as member of
organizing/technical committees of several conferences. He was one of the Directors of the II Winter
College in Optics held at ICTP, Trieste, Italy during Feb-March, 1995. Prof. Singh’s research work
has attracted funding from a number of agencies such as DST, MHRD, and DRDO. He has served
on many committees of the Govt. of India notably the ‘Environmental Impact Assessment
Committee’ for thermal power stations.

As technical chair of the Int’l Confer.on ‘Optics and Optoelectronics’( Dehradun, 1998), Prof. Singh
co-edited a two volume proceedings of the confer. and SPIE vol. 3729, ‘Selected papers from
International Conference on Optics and Optoelectronics’98” He was also technical co-chair of the
Int’l confer. on Optics and Opto-electronics (Dehradun, 2005), co-chair Advisory Committee of the
OSI confer. (2012, IITD), and Chair Technical Program Committee, OSI’s Int’c conference held in
2017 at GJUST Hisar. He is also Chair Int’l Advisory Committee of the upcoming confer. on
Photonics at IIT Delhi. Prof Singh has edited / co-edited 2 special issues on ‘Photorefractives and
their applications’ of J. Optics (India), 4 issues on ‘Optical pattern recognition’ and ‘Optical
information security’ of Asian J. Physics, and two book; ‘Perspectives in Engineering Optics’ and
“Those Were the Days; Personal Recollections of Former Faculty Members of IIT Delhi ” . Prof.
Singh has also served as a member/chair of several national committees of the MHRD, CSIR, ISRO,
and DRDO. Besides having served as a consultant to some industries/organizations, he has also been
a consultant on security holograms to some state Govts. in India.
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Metamaterials, transformation optics and some applications

beyond optics

Stefan Enoch

Abstract. After a brief presentation of research conducted at Institut Fresnel in Marseille in optics
and photonics we will focus mainly on the work we did on photonic crystals and metamaterials.
Nanophotonics is a highly topical field of modern optics that has created new exciting technological
opportunities in many areas. Managing light propagation or near-field light-matter interactions at a
subwavlength nanoscale level provides new avenues to develop devices. Photonic crystals have been
introduced to control spontaneous emission but have also the ability to control light propagation.
Metamaterials have been proposed as a potential solution to have a perfect control on light
propagation but able to enhance emission or conversion of light. For example, the Near Zero Index
metamaterials have been proposed to design directive emitters. More recently so-called hyperbolic
metamaterials have been intensively studied. It has been shown that hyperbolic metamaterials could
lead to negative refraction and superlensing. The dispersion relation display hyperbolic features (i. e.
isofrequency dispersion relation is a hyperbola) and, thus, could lead to diverging density of states
and enhancement of spontaneous emission.

I will also introduce the transformation optics and it’s well know application to invisibility with
example of application for plasmonics.

We will also briefly show how these concepts could be used for other wavelength for example for
MRI applications or other type of waves leading us to waterwave cloaking or seismic protection.

Institut Fresnel, Marseilles
E-mail: stefan.enoch@fresnel.com
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E C G Sudarshan's contribution to Quantum Optics: the Optical

Equivalence Theorem

N. Mukunda

Abstract. E C G Sudarshan discovered the Diagonal Representation inquantum optics, and the
Optical Equivalence Theorem that it leads to,in 1963.This talk recalls the historical context in which
theseresults appeared.Emil Wolf's creation of the classical theory ofpartially coherent fields, the
impact of the experimental discovery ofthe Hanbury Brown Twiss effect, and Leonard Mandel's
semi classicaltheory of photo electron counting statistics, will be brieflyrecalled. Against this
background,we outline Glauber's quantum theoryof partially coherent optical fields , and the special
role played bycoherent states .The Diagonal Representation is then described, andthe Optical
Equivalence Theorem stated . Its use in distinguishingbetween 'classical' and 'non classical' states
within quantum theory ,basic to quantum optics,is outlined and illustrated through several examples.

1ISc, Bengaluru
E-mail: nmukunda@gmail.com
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All-dielectric resonant meta-optics and nanophotonics

Yuri Kivshar

Abstract. Metamaterials---artificial electromagnetic media that are structured on the subwavelength
scale---were initially suggested for the realisation of negative-index media, and later they became a
paradigm for engineering electromagnetic space and controlling propagation of electromagnetic
waves. However, applications of metamaterials in optics are limited due to inherent losses in
metallic element employed for the realisation of artificial optical magnetism. Recently, we observe



the emergence of a new field of all-dielectric resonant meta-optics aiming at the manipulation of
strong optically-induced electric and magnetic Mie-type resonances in dielectric and semiconductor
nanostructures with relatively high refractive index. Unique advantages of dielectric resonant
nanostructures over their metallic counterparts are low dissipative losses and the enhancement of
both electric and magnetic fields that provide competitive alternatives for plasmonic structures
including optical nanoantennas, efficient biosensors, passive and active metasurfaces, and functional
metadevices. This talk will summarize the most recent advances in all-dielectric resonant meta-
optics including active nanophotonics as well as the recently emerged fields of topological photonics
and nonlinear metasurfaces.

Australian National University, Australia
E-mail:yuri.kivshar@anu.edu.au
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Extreme light - spin offs for optics and photonics

G. Ravindra Kumar

Abstract. High intensity, ultrashort light pulses (‘extreme light”) are revolutionizing science and
technology in very exciting ways, whether it is laboratory simulation of astrophysical phenomena,
relativistic optics, particle acceleration on a table top, real time x-ray diffraction of molecules,
lithography and medical therapies for cancer [1,2] . Such pulses can heat a piece of matter to intra-
stellar temperatures at high density. It is this feature of ultrashort pulses that helps us devise
compact, novel radiation sources for applications.

We will review the basics of this interaction and then present some novel efforts in the generation of
x-ray sources that can be applied to studies in other branches of science. High harmonic emission
from gaseous sources has been well established as a source in the VUV - soft x-ray region [3]. Hard
x-ray sources, however are based mainly on solid target plasmas. Here, great progress has been
made by the discovery that the nano spatial scale has a very important role play in the interaction of
intense, pulsed light with matter. We will see how nanoparticles [4], nanowires [5, 6] and sub
wavelength structures [7] influence the generation of very high energy electrons, which in turn
generate hard x-rays.

It is also interesting to see that the study of the x-ray emission process itself is leading to great
advances in attosecond dynamics in atoms, molecules and solids [3]. We will conclude by
presenting the emergence of high efficiency table top sources at the other extreme, namely terahertz
region [8]
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Non-hermitian dynamics in delay-coupled semiconductor lasers

Gautam Vemuri

Abstract. We will describe our work on realization of a non-hermitian Hamiltonian system in time-
delay coupled semiconductor lasers. The experimental system consists of two lasers, operated under
identical conditions with a small frequency detuning between them, which are bidirectionally
coupled through optical injection. The effective Hamiltonian for this system is non-hermitian, and
reminiscent of a parity-time (PT) symmetric Hamiltonian. The dynamical response of the intensity of
the lasers as a function of detuning between them reveals characteristics of a PT symmetric system.
Numerical simulation of the nonlinear rate equation model that describes our system is compared to
the experimental results. An analytic theory of the system is also formulated by employing the
Lambert W function, which makes very specific predictions about the behavior of the system and its
dependence on the time-delayed coupling. Excellent agreement between experiments, theory and
simulations is found.

Indiana University Purdue University Indianpolis
Email: gvemuri@iupui.edu
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Multiphoton Bell's inequalities

Arvind

Abstract. Bell's inequalities are used to capture the non-local aspects of bipartite quantum systems.
Original formulations of Bell's inequalities was for two spins and most of the initial experiments
were done using two photons. We describe Bell type inequalities which are formulated for radiation
modes rather than for photons and which can be applied to a wide variety of quantum states of the
radiation field. We show how these inequalities can bring out the non-local and hence the non-
classical aspects of various Gaussian and non-Gaussian radiation states.

Indian Institute of Science Education and Research Mohali
E-mail: arvind@jiisermohali.ac.in
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Microlithography using micro-bubbles manipulated using

thermo-optical tweezers

Subhrokoli Ghosh . Basudev Roy. Ayan Banerjee

Abstract. We have developed a micro-lithography technique exploiting directed self assembly
driven by a laser induced microbubble generated in thermo-optical tweezers, where we have been
able to pattern soft polymers such as oxometalates and a variety of other entities in conjunction with
the oxometalates on a glass substrate. These include fluorescent dyes, catalysts, organic monomers,
metallic nanoparticles such as carbon nanotubes, and even biological moieties such as antigens and
antibodies. Our idea stems from the fact that a microbubble grown in a (typically) aqueous
dispersion of a material by thermo-optical tweezers induces convective flows of the material that



self-assembles at the bubble's base and then undergoes a phase transition to crystallize and thereby
form permanent patterns as the bubble is translated by the tweezers. The microbubble is grown by
using a laser wavelength where the material to be patterned absorbs. Thus, we have already made
considerable progress in preparing plastic electronic circuits, where we have simultaneously
synthesized, doped, and patterned conducting polymers such as poly-pyrrole and poly-aniline in-situ
— starting from the parent monomers. The most recent advancement has been in direct patterning of
biological entities, which reveal the potential of this technique as a new method of fast and low-cost
lithography for preparing micro-patterns of diverse materials.

IISER Kolkata
E-mail: ayan@iiserkol.ac.in
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Near Field Interferometric Phase Coherence Mapping after a
Quantum Quench of a Bose-Einstein Condensate in an optical
Lattice using Talbot Interferometry

Aranya B Bhattacherjee

Abstract. Controlling and manipulating coherence in different systems is one of the primary goals
of modern research. In cold atom physics, interferometry has proved to be a powerful tool to explore
coherence. Here a near-field interferometeric technique based on the Talbot effect is described,
which allows us to probe the phase coherence of ultracold atoms in an optical lattice for well defined
distances. The gradual build-up of phase coherence after a quantum quench of a Bose—Einstein
condensate in a one-dimensional optical lattice is demonstrated. The results indicate that the phase
coherence after the quench builds like a diffusive process. The possibility to probe finite-range phase
correlations in a quantum gas offers many possibilities for the study of non-equilibrium dynamics.

Department of Physics, Birla Institute of Technology and Science, Pilani, Hyderabad Campus, India
E-mail:aranyabhuti@googlemail.com
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Full field birefringence microscopy using a rotating polarizer

Kallol Bhattacharya

Abstract. This work aims to provide a novel method to characterize and analyze microscopic
birefringent samples in terms of its magnitude of retardance and its fast axis orientation with the help
of a rotating analyzer. Moreover, it is possible to estimate the Stokes parameters using a simple
algorithm thus developed. The simulated and experimental results thus presented are in good
agreement with the proposed theory.

Department of Applied Optics and Photonics, University of Calcutta, Kolkata 700106
E-mail: kbaop@caluniv.ac.in
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Diffractive Optics on Fibre Facets

Shanti Bhattacharya

Abstract. Diffractive optics enables the compact manipulation of light, as well as possesses the
ability to manipulate light in ways impossible with refractive optics. Fibre optics allows access to
difficult to reach places, and also makes systems more compact. In this paper, we look at how fibre
optics and diffractive optics can be combined, creating sub-systems that can potentially transform
the size and functionality of optical systems.

Keywordsdiffractive optics, lithography, direct laser writing, sub-wavelength gratings, polarization
manipulation, complex light generation



In this work, we will briefly review work by other groups [1-3] on fabricating diffractive optics on a
fibre facet, before presenting detailed results from our group [4]. Different fabrication techniques,
such as Focused Ton Beam and Direct laser writing have been used to write the structures and the
advantages of each method will be highlighted. Results of elements that generate complex light or
manipulate polarization will be presented.
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Strain-coupled homogeneous and heterogeneous In(Ga)As
quantum dot heterostructures for detector and photovoltaic

applications

Subhananda Chakrabarti*. Debiprasad Panda . Debabrata Das . Harshal Rawool .

Sandeep Madhusudan Singh

Abstract. A new perspective of strain-coupled quantum dot (QD) heterostructures is reported in this
study, which will be the motivation for future generation infrared focal plane arrays (IR-FPAs) and
solar cells. The Stranski-Krastanov and Submonolayer (SML) QDs have numerous independent
advantages as the intersubband IR detectors. The homogeneously coupled SK QDIP with a new



growth strategy is reported in this study, which has an ultranarrow spectral response. However, the
heterogeneously coupled SK-SML QD has a broad response in the IR region, which might be
suitable for the IR detection along with intersubband solar cell (IBSC) application. The lower dark
current exhibited by these QD heterostructures is also reported in this study, which attributes a better
vertical confinement of carriers in the QD.

*Department of Electrical Engineering, Indian Institute of Technology Bombay, Mumbai, INDIA-400076
E-mail: subho@ee.iitb.ac.in
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Non-Linear Optical Organic Micro-Resonators

Rajadurai Chandrasekar

Abstract. Bottom-up molecular self-assembly technique has emerged as one of the powerful
methods to produce miniaturized organic photonic structures, such as optical waveguides, lasers,
resonators, filters, circuits and modulators. Optical waveguides and modulators are used to control
the light propagation down to microscale and modulate the light propagation speed, respectively. In
optical resonators their mirror-like geometry allows them to tightly trap the photons by repeated total
internal reflection at the air-matter interface and act as optical gain media exhibiting high-quality
factor (Q) with the low optical loss. We have been performing single-particle micro-PL spectroscopy
studies to exploit the geometrical features of diverse self-assembled organic structures for photonic
applications. In my talk, I will discuss some original results achieved in our group in linear and non-
linear optical organic optical waveguide and microresonators useful for signal enhancement, sensing
and lasing applications.

Functional Molecular Nano/Micro Solids Laboratory, School of Chemistry, University of Hyderabad, Hyderabad
— 500046, INDIA
E-mail:r.chandrasekar@uohyd.ac.in
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Overview of Biomedical Raman spectroscopy

C. Murali Krishna

Abstract. Conventional diagnosis involves clinical examination followed by relevant
biochemical/microbiological/pathological examinations which rely on symptoms suggesting
diagnosis of existing disease. Such late diagnosis is often prone to poor prognosis, emphasizing early
diagnosis for better prognosis. Monitoring of treatment response is another crucial aspect of disease
management. Accurate evaluation and monitoring of treatment response lead to better disease
management and towards personalized medicine. In this context, Raman spectroscopy has been
explored in biomedical applications, as it is better suited due to attributes such as sensitivity to
biochemical composition, objective, rapid, no external labelling/sample preparation, and most
importantly in vivo/in situ on line applications. This paper presents an overview of in vivo Raman
spectroscopy studies and explorations on exfoliated cells and body fluids showcasing aspects of
diagnosis/screening, treatment response in cancers.

Cancer Research Institute (CRI), Advanced Center for Treatment, Research and Education in Cancer
(ACTREC)Tata Memorial Center (TMC) Navi Mumbai
E-mail:mchilakapati@actrec.gov.in, pittul043@gmail.com
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Nonlinear topological lattices

Yidong Chong

Abstract. When lattices with topologically nontrivial phases are extended into the nonlinear regime,
a variety of novel phenomena can be observed. I discuss the phenomenon of “topological solitons”,
a new class of solitons confined by a self-generated topological gap. Next, I discuss our recent
experimental work on the implementation of a nonlinear transmission line(NLTL) metamaterial
based on the nonlinear SSH lattice, showing that harmonic generation in a left-handed NLTL can be
greatly increased by the presence of a topological edge state.

Nanyang Technological University, Singapore
E-mail: seewhydee@gmail.
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Quantitative PhotoAcoustic Imaging of Biological Tissues:

Accessing to Multiphysics Informational Content

Anabela da Silva

Abstract. Photoacoustic (PA) offers promising perspectives in probing and imaging subsurface
absorbing structures in biological tissues. The principle consists in heating the tissues with pulsed
light sources. When an absorbing heterogeneity, such as a tumor, more absorbing than normal
tissues, is present, the optical energy absorbed is partly dissipated into heat accompanied with
microdilatations that generate acoustic pressure waves, the intensity of which is related to the
amount of absorbed energy. This acoustic wave propagates in biological tissues without any
scattering. Hence the photoacoustic signal measured at the periphery can be time reversed to access
the map of the pressure at initial time, directly related to the spatial distribution of the absorption
coefficient, in 3D if tomographic measurements are considered (PAT). If, furthermore, spectroscopic
measurements are performed, within the so-called therapeutic window (600-900 nm), this technique
allows to monitor the local molecular composition of the tissues (oxy- or deoxy-hemoglobin, lipids,
water...). Because PA collected signals are resulting from a multi-wave phenomenon, they contain
the signatures of both optical and acoustic contrasts of the probed tissues. Our research focusses on
developing new strategies to retrieve the maximum information from the multiwaves measured
signals. The different methodological strategies and experimental developments conducted in our
group are presented.

Aix Marseille Univ, CNRS, Centrale Marseille, Institut Fresnel, Marseille, France
E-mail: anabela.dasilva@fresnel.fr
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Design and modeling of thermo-optic phase-shifters for

integrated silicon photonics

Bijoy Krishna Das

Abstract. With the advent of silicon photonics technology, various design architectures of thermo-
optic phase shifters are being used and proposed for switching and reconfigurable device



applications Two important figure-of-merits (FOMs) of a thermo-optic phase shifter seriously
considered so far are its switching power Pz (electrical power require for m phase-shift) and
switching time t (rise/fall time), respectively. Besides these, effective footprint of a switching cell
and its operating temperature are going to play important roles for a large-scale photonic integrated
circuit. Therefore, it is essential to develop a generic model to analyze the performance of a thermo-
optic phase-shifter in terms of its all essential FOMs.

In this talk, we will address first the various reported design of thermo-optic phase shifters in silicon-
on-insulator platform. Thereafter, we will introduce a couple of characteristics parameters useful for
modeling a thermo-optic waveguide phase-shifter. These characteristics parameters are then
extracted from numerical simulation results and subsequently shown to be consistent with
experimental results. Finally, we will be going to present experimental results of a broadband
thermo-optic switching cell and an attractive wavelength band add-drop multiplexer/switching
device fabricated recently at I[IT Madras.

Department of Electrical Engineering, IIT Madras, Chennai — 600 036, India
E-mail:bkdas@ee.iitm.ac.in
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Tamm-plasmon-polaritons in periodic and aperiodic photonic

crystals

Mukesh K. Shukla . Ritwick Das

Abstract. One dimensional (1D) periodic photonic geometries are optical analogues of widely-
investigated counterparts in condensed-matter physics. They exhibit dispersion curves which are
bounded within the Brilliouin zone boundary and describes the evolution of electromagnetic (em)
field in the wavevector (k)-space. Due to the cyclic evolution, the em-field picks up a quantized
geometric phase or alternately 'Zak'-phase while moving between equivalent points within the
photonic pass bands. Such investigations have revealed topological photonic insulators and
topologically-protected optical surface states. This feature, however, is not apparent in a quasi-
periodic or deterministically aperiodic system. In the present work, we discuss and provide a
plausible route to define "Zak'-phase in a 1D quasi-periodic (Fibonacci) lattice.

School of Physical Sciences, National Institute of Science Education and Research, HBNI, Jatni - 752050, India
E-mail: ritwick.das@niser.ac.in
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Quantum dots on metal-dielectric interface: a novel architecture

for quantum information processing

Shubhrangshu Dasgupta

Abstract. A generic architecture based on quantum emitters on metal-dielectric interface to generate
photons in nonclassical states will be presented. The photons emitted into the surface plasmon (SP)
mode from the initially excited emitters radiate out in free space, and when detected at two detectors,
exhibit anti-coalescence - a clear signature of nonclassicality. One can also obtain a two-emitter
Heisenberg-type coupling, suitable for realization of emitter-based quantum gates, thanks to their
common coupling to the SP mode.

Department of Physics, Indian Institute of Technology Ropar
E-mail: sdasgupta@iitrpr.ac.in
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Methods of Ultrafast Optical Characterization for Photonic,

Electronic and Magnonic Applications

Sayantan Bhattacharya. Nikita Porwal. P K Datta

Abstract. The origin of electronic and optical properties of materials is a complex interplay between
lattice, electronic and spin degrees of freedom that generally occur on a timescale that ranges from
10—18 to 10-9 s (or longer).With a revolutionary technological improvement in the field of ultrafast
lasers, shorter time domain laser pulses with broader band-with become available for high resolution
ultrafast spectroscopic techniques. Shorter the pulse become, the resolution goes higher.
Experimental time resolved optical techniques to characterize the dynamic properties of photonic,
electronic and magnonic systems in femtosecond time scale have transformed our understanding of
these materials. In this report we will be discussing about such few techniques which enable us to



measure quantitates like ultrafast decay path ways of electrons, spin dynamics and absorption of low
energy quasi-particles. Development and experimental intricacies of Transient absorption
spectroscopy (TAS), THz-time domain spectroscopy (THz-TDS) and Time resolved magneto optical
kerr (TR-MOKE) will be discussed thoroughly along with representative data that we have
published in recent years.

An acquisition of aTi: Sapphire amplifier system (Libra-He) along with femtosecond optical
parametric amplifier(TOPAS-Prime) at IIT Kharagpur have fuelled a flurry of activities in the field
of ultrafast dynamics. The experimental methods that are being used for the ultrafast dynamical
characterization of various optical, electronic and magnetic processes in materials are discussed.
Transient absorption Spectroscopy(TAS) with tunable optical pump and white light super continuum
covering a spectral range of 350-1400nm and with a temporal resolution of 100fsis used to identify
different electronic processes and their rates in 2D layer materials (Carbon based and transitional
metal di-chalcogenides). Total temporal scan window of is 4ns and it is achieved using eight pass
probe beam through a retro-reflector sitting on the top a motorized delay stage. Transmitted or
reflected signal is collected using a fiber coupledspectrometer connected to Si photodiode array
(MS-260i, Oriel Instrument).An optical chopper, in synchronization with the spectrometer, operating
at 500 Hz is used to modulate the pump beam. The pump-probe measurements are taken on the
samples in a cuvette of path length 2 mm having a magnetic stirring system. A differential change in
absorbance (AA) is measured from the difference.Transient absorption data of graphene oxide (GO)
and reduced graphene oxide (RGO) dispersion is reproduced from the reference [1] in figure 1(a)
and (b) where the samples are pumped at 415 nm with 3uJ pulse energy.
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Figure 1 Transient absorption spectra of (a) as grown GO, (b) RGO2 with 415 nm pump at 3mW
average pump power.(c) Decay kinetics of RGO2 at probe wavelength of 450nm,480nm and 690nm

THz time domain spectroscopy( THz-TDS) with THz range of 0.2-3.0 THz and spectral resolution
of 500 MHz is developed to identify combination phonon modes in doped GaSe crystals. THz is
generated using an optical rectification process in <110> cut ZnTecrystal and THz is detected using
same crystal by means of electro-optic sampling method.As the THz cycle is of picosecond duration



and the probe beam is in femtosecond duration, the whole THz cycle is traced with the probe by
moving the delay stage using an automated code written in LabVIEW 2012 environment. The THz

generation and detection set-up is kept inside a Plexiglas box.Representative time domain and
frequency domain data of THz field is presented in figure 2 for air reference, pure GaSe and In, Cr
doped GaSe from ref 2. FFT of time domain data is taken for one cycle of the THz pulse and the
absolute value of the data isplotted in Figure 2 (b).
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Figure 2THz field in (a) time domain , (b) frequency domain for all GaSe samples and air reference
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Time resolved magneto-optical Kerr set-up is
developed to measure spin wave frequencies with
spectral resolution of 500 MHz in Permalloy film of
various thicknesses. The TR-MOKE set up is based
upon two-colour collinear optical pump-probe
geometry.A static magnetic field is applied at a
small angle (~10°) to the sample plane, the in-plane

component of which is defined as the bias field H.
The magnitude of in-plane component of this field
has to be large enough to saturate the magnetization.
The time varying polar Kerr rotation is measured at
room temperature by using an optical bridge
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detector and a lock-in amplifier in a phase sensitive
manner.Figure 3 shows the background subtracted
Kerr rotation data (yellow color) with fitting (black
color) with varying in-plane bias magnetic field for
Py 30 nm thin film sample and (b) shows the
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corresponding FFT spectra of the sample. We
observe uniform frequency mode of the sample and the precession spin wave frequency significantly
decreases with the decrease in the in-plane bias magnetic fieldsand thus confirms the magnetic origin
of the spin wave mode of the sample.

A highly accurate Z-scan set-up is also developed with a laser pulse of 150 fs at 1 kHz repetition rate
at the wavelength of 808 nmtomeasurereal and imaginary part of third order optical nonlinearity due
to electronic processes in reduced graphene oxide [3].Lock-in amplifier and motorized translational
stage are incorporated in LabVIEW 2012 environment for automation and averaging of data. Pulse-
to-pulse fluctuation is taken care of using reference data from photodiode. Before taking
measurements, z-scan set up is calibrated using a slandered sample (CS2).
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Measurement and Characterization of higher order human

ocular aberrations

A.R. Ganesan

Abstract. The aberrations in the optics of the human eye which degrade the quality of the image and
hence vision can be categorized into lower and higher order aberrations. The lower order aberrations
are the defocus and astigmatism which contribute up to 92% of the total aberration. This is
commonly measured using a slit lamp apparatus and vision correction is done by spectacles or
contact lenses. The higher order aberrations include spherical aberration, horizontal and vertical
coma, curvature and so on. The measurement and correction of higher order aberrations would
result in improved visual quality.

The talk would present the design and development of an indigenous Shack-Hartmann Wavefront
Sensor which can measure wavefront phase profiles in real-time. The system can measure
wavefront tilts to an accuracy of 2 p radians, surface profiles down to A/50, and aberration terms
upto 4" order Zernike polynomials. Higher order ocular aberrations caused by the eye’s optics have
been quantified using the wavefront sensor, which provides data for adaptive correction in retinal
imaging, laser surgery, and vision correction. The experimental results of higher order aberration
measurement and compensation would be presented.

Department of Physics, Indian Institute of Technology Madras Chennai 600036, INDIA
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Theoretical studies of the ultra-cold BEC in a crossed cavity

system

Sankalpa Ghosh

Abstract. Recently a supersolid-phase of ultra cold atoms was observed in crossed cavity system by
the ETH Group In this talk we plan to theoretically analyze ultra cold atoms in such crossed cavity
system. We derive the effective Bose-Hubbard hamiltonian for such ultra cold atoms in a cross-
cavity system and also try to find out the mean field description of such supersolid phases in the
appropriate limit.
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Quasicrystal based metamaterials and their applications

Achanta Venu Gopal

Abstract. By combining periodic structures with multiple periods one may achieve broadband
response. However, the polarization and launch angle dependence are still limited by the constituent
lattices. Designing a truly random pattern with broadband, dispersionless response is not trivial.
Quasiperiodic structures can be designed for a particular wavelength response. They offer broadband
dispersionless response. I will present applications of quasi periodic metamaterials for anti-
reflection, Goos-Hanchen shift of a wave packet, and to modulate the magneto-optical properties of
ferromagnetic thin films and electrical properties of organic semiconductors. Broadband response is
also possible in sub-wavelength structures with multi-shaped elements of different sizes. While
different shapes offer polarization independence, different sizes offer broadband response. I will
present such broadband, launch angle and polarization independent near perfect absorber.
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Exceeding the threshold of ultrafast laser writing in bulk Si:

opening the horizon for 3D silicon photonics

David Grojo

Abstract. An important challenge in the field of three-dimensional ultrafast laser processing is to
achieve in the bulk structuring of silicon and narrow gap materials. Attempts by increasing the
energy of infrared ultrashort pulses have simply failed. Our solution is inspired by solid-immersion
microscopy to produce hyper-focused beams which are intrinsically free from aberrations and
associated with an extreme energy confinement deep into the matter. Its validity is demonstrated by
controlled refractive index modifications inside silicon. This opens a way to the direct writing of 3D
monolithic devices for silicon photonics and provides perspectives for new strong-field physics and
warm-dense-matter experiments.

CNRS / Aix-Marseille Universite
E-mail:david.grojo@univ-amu.fr
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Flat Optics - Computational Techniques for designing Wide-area

Metasurfaces

Ravi Hegde

Abstract. Recent work in plasmonic and all-dielectric metasurfaces point to the intriguing
possibility of ultraflat optics.A drastic reduction in device bulk, the possibility of dynamic tuning
and novel functionalities not realizable with standard optics continues to drive further research. The



design of metasurfaces is particularly challenging - considering the large number of free parameters.
In this talk, I will discuss our recent work in the development of computational techniques to enable
rapid design of these complex optical devices. Specifically, I focus on the design and optimization
of ultraflat spectral filters, beam deflectors and lenses.
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Plasmonic Cylindrical Nanoshell and Its Sensing Applications

Alexander A. Iskandar

Abstract. Metal Nano Particles of core—shell structures have attracted growing research interest. It
allows the introduction of an additional parameter of shell thickness invoking the plasmon
hybridization (PH) effect between inner and outer surface plasmons, as well as the core size giving
rise to the cavity dependent effects. This structure therefore offers increased sensing tunability.
Further, a symmetry breaking of the core-shell structure us expected to introduce additional features
of the scattered wave characteristics promising among others, the potential of directed wave sensing
applications.

Presented in this talk are several of our research results on cylindrical plasmonic system, including a
system of metallic nanotube for complementary high-performance sensing of gases and liquids,
metallic cylindrical multishell system of highly sensitive responses with large Figure of Merit and
non-concentric metallic cylindrical nanoshell and its directed wave sensing performance.

Physics of Magnetism and Photonics Research Division, InstitutTeknologi,BandungJl, Ganesa 10, Bandung
40132, Indonesia
E-mail: iskandar@fi.itb.ac
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Acoustic sensor based on post processed optical fiber

Rajan Jha

Abstract. Optical microfiber based sensing technology is mainly utilized for chemical and
biological sensing; for sensing physical parameters it is rarely used. Hence, microfibers for sensing
physical parameters such as curvature and acoustic sensing have been carried out [1-4]. These
curvature sensors have shown advantages such as high sensitivity, high resolution, negligible
hysteresis, very low temperature sensitivity and high stability. Another advantage is that the
performance parameters of these sensors can be easily tailored in accordance with the application.

These results encouraged us to utilize these structures for acoustic sensing. We started with the inline
MZI structure and demonstrated a hydrophone system which shows a sensitivity of 14.02 nm/kPa
and a minimum detectable pressure of 651 pPa/VHz in the low-frequency range (<100 Hz). Further,
a tapered micro-tip in cantilever configuration with cantilever length of 15 mm act as an optical
microphone and shows a sensitivity of 10.63 mV/Pa or -159.5 dB rel V/uPa at 250 Hz with a noise-
limited minimum detectable pressure of 19.1 mPa/NHz [5]. Apart from these diaphragm free
structures, a low-cost acoustic sensor using tapered SMF structure attached to a nitrile diaphragm is
also studied for acoustic frequency measurement. Even with this simple design, the sensor shows an
acoustic sensitivity of 36 mV/kPa and a minimum detectable pressure of 21.11 Pa/YHz at 2500 Hz
[6].

With the advantage of fairly simple fabrication of the sensor head and cost effectiveness, such sensor
can be deployed for example in iron and steel industry to monitor the workplace noise to protect
employees from unnecessarily high exposure. Additionally, such system can open a new window for
underwater defense and bioacoustics applications.
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Nano-photonic Structures through Phase controlled Interference

Lithography and its applications

Joby Joseph

Abstract. Wide applications of photonic structures, and large scale realization of photonic devices
demand a cost-effective, high spatial resolution, accurate and easy pattern transfer method to
fabricate such structures in 1D, 2D and 3D over large area. Out of many, Interference lithography
(IL) based method is very cost effective where, fast and large area patterning is possible. However,
conventional IL becomes multi-step process for the realization of 2D and 3D complex photonic
structures. Further, the realization of complex photonic structures such as chiral, quasicrystal and
motheye involves multiple beams with a control over either the phase or polarization that leads to
inclusion of multiple optical components. We investigate a reconfigurable and scalable phase
controlled interference lithography approach leading to fabrication of simple as well as complex
photonic structures with submicrometerperiodic features, in a single step over large area.
Fabrications of various photonic structures with feature sizes ranging from ~300nm to many microns
have been achieved. The presentation gives an overview of the technique of phase controlled
interference lithography for photonic structure fabrication, and describes some applications which
have been realized through these photonic structures.

Department of Physics, Indian Institute of Technology Delhi, New Delhi-110016.
E-mail: joby@physics.iitd.ac.in

OSI-ISO 2018 manuscript No.
(123)

Optical Coherence Tomography: Clinical Applications
Renu John
Abstract. This paper provides a broad overview of the recent advances made in the field of optical

coherence tomography (OCT) in clinical diagnosis. The use of imaging modalities for surgical
guidance and interventions has resulted in improved patient outcome and a reduction in patient



morbidity. If the surgeon is provided with the ability to view or image tissue intraoperatively, then
collateral damage to normal tissue can be minimized. We discuss our results w.r.t. ex vivo imaging
of surgically resected tumors from gastro enteric patients. We demonstrate how clear tumor margins
could guide a surgeon for desired tumor-free outcomes post-surgery.

Department of Biomedical Engineering, Indian Institute of Technology Hyderabad, Kandi 502285
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Nonlinear frequency conversion of sound and light in

micro/nano-scaled photonic systems

Myeong Soo Kang

Abstract. Micro/Nano-scaled systems can exhibit various types of nonlinear phenomena by very
tiny input driving pump powers. In particular, nonlinear coupling between different
optical/mechanical modes is not only an interesting subject of fundamental research in the field of
micro/nano-optics/mechanics but an important operating principle of various functional
optical/mechanical devices. In this talk, I will present some recent effort to enhance the nonlinear
coupling strength to create high-efficiency nonlinear optical/mechanical mode coupling even at very
small optical/mechanical powers and to understand the underlying physics of the resulting
phenomena.

Department of Physics, Korea Advanced Institute of Science and Technology, 291 Dachak-ro, Yuseong-gu,
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Technologies Used in Head Up Displays for Fighter Aircraft

Vinod Karar

Abstract. Fighter aircrafts flying at supersonic speeds, doing maneuvering, flying at low height at
high speed, handling of multiple activities and operation of aircraft, flight and combat leaves pilot
with lot of workload. In earlier days, conventional cockpits used to have the traditional style analog
dials and gauges which used to provide single information at a time. Their use also used to make the
pilot divert his attention several times for monitoring of flight information in different directions.
The hassle was reduced to great lengths with the advent of glass cockpits. A glass cockpit uses
several displays driven by flight management systems like: Head-Up Display (HUD), Helmet
Mounted Displays (HMD), Multi-function display (MFD), Gun Sights etc. to display flight and
weapon aiming information as needed. The glass cockpit provides maximum information with
minimal hassle to any pilot. The HUD or HMD (which is essentially a kind of HUD used on helmet)
eases his/her workload by providing flight, aircraft and weapon information in his/her line of sight.
This means that the flight-weapon information and outside information both are focused at infinity
thus avoiding need to refocus pilot’s attention on near and far field. This enhances situational
awareness of pilot tremendously. That’s why HUD has been designated as primary flight instrument
of a fighter aircraft installed in the glass cockpit.

A head-up display gives pilots the access to the critical flight information needed to safely fly the
aircraft while allowing them to focus their attention outside the cockpit for potential conflicts or
threats. The combiner glass is coated with a unique material or combination materials that reflects
the green wavelength but allows everything else, such as the scenery outside, to pass through,
appearing quite naturally.

(c) (d)

(a) Typical Head Up Display (b) Day mode stroke flight symbology (c) Night mode stroke over
raster symbology (d) Standby sight symbology

HUD interfaces electrically with Mission Computer of the aircraft and displays flight symbology as
well as Forward Looking Infrared Camera (FLIR) captured IR video of the outside environment.
Like aircraft, not all HUD designs are same. One important difference is field of view. This refers to
the angle of view which a pilot can view on left and right side while looking in forward direction
through beam combiners. Because aircraft don’t always fly where the nose is pointed, a wider field
of view allows the HUD to accurately project data at the edges of the display in strong crosswinds.
As each type of cockpit has different spatial geometry based on the aircraft class and built, the HUD
construction in terms of opto-mechanical layout, critical optical and combiner’s coating design
changes drastically. The HUD display day mode stroke symbology, low visibility mode stroke in
raster and the standby sight in case of failure of mission computer to guide pilot in emergency



situations. They are built with real time communication with pilot directly through MC and Multi-
Functional Up-Front Control Panel and continuous health monitoring of the subsystems.

The HUD/HMD is an amalgamation of multiple disciplines involving electronics, software, optics,
material science, human engineering, aesthetic aspects, etc. and its design & construction require
highly specialized skill set. There is a range of display device technologies which could be utilized in
HUD or HMD construction such as active matrix liquid crystal display (AMLCD), digital light
engine (DLE), cathode ray tube (CRT), organic light emitting diode (OLED), grating light valve
(GLV), etc. They along with the associated electronics and software need to be ruggedized for
operation in harsh electromagnetic interference and compatibility requirements, and electrical and
environmental requirements. The collimating optics could be constructed as refractive optics with
spherical, aspheric and freeform optical components, or as reflective optics using waveguide or light
field optics resulting in varying form factors and achievable optical specifications. The other crucial
part of technology in HUD or HMD is beam combiners which could be a semi-reflective thin film
combiner with flat, graded or rugate type coating or could be powered or unpowered holographic
combiner. To achieve a contrast ratio of better than 1.2 even when the ambient luminance is of order
of 35,000 cd/m2, the combination of display device, optics and beam combiner technology need to
be suitably chosen. The innovative electro-optics design and distortion correction algorithms result
in achieving of very accurate and precise symbol positioning accuracy, which decides apart from
others the weapon aiming accuracy as well, of order of 1.5mR.

CSIR-Central Scientific Instruments Organisation, Chandigarh
E-mail: vkarar@rediftmail.com
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Technologies Trends in Electro-optical & Thermal imaging

Instrumentations

Ajay Kumar

Abstract.Electro-optical instruments play a vital role in modern defence systems especially in day
and night vision devices, laser based devices, fire control systems, surveillance systems, stabilization
systems etc. Instruments Research and Development Establishment (IRDE) at Dehradun is a premier
DRDO laboratory working on advanced electro-optical instrumentation for strengthening armed
forces including Army, Navy and Air-force of the country. These systems have potential
applications in surveillance & reconnaissance, target acquisition & engagement, night patrolling,
vehicle driving, missile guidance, and missile warning.

IRDE has been engaged in developing vision systems for different parts of electromagnetic spectrum
ranging from visible, SWIR, MWIR, LWIR etc. Many systems based on thermal imaging



technology have been evolved to get rid of night blindness of the armed forces. Apart from this,
IRDE has realized numerous image intensifier tube based night vision instruments which are
undergoing production at various production centers across the country. IRDE has also established
state-of-the-art infrastructure for design and development of laser based instruments such as laser
range finders, designators, and seekers. Some the laser based instrumentation realized by IRDE will
be presented

A majority of these electro-optical systems need to be mounted on a stabilized platform for their
deployment in the field. In this regard, IRDE has established world class facilities for development
and testing of gimbaled platform for various field applications with high accuracy, which is required
for accurate tracking, surveillance and fire control systems. Several such systems will be presented

These electro-optical systems require precision optical components for high quality imaging, beam
delivery, and tracking in visible, SWIR and IR spectrum. IRDE has complete facilities to design,
fabricate and characterize various kind of optical components (such as, conventional spherical,
aspheric, and freefrom) of sizes ranging from millimeters to several meters.

Apart from these activities, IRDE has been venturing into futuristic emerging technologies, which
may find immense defence applications in the near future. These technologies include Micro-optics,
Nanophotonics, Integrated Optics, Nonlinear Optics, Holography, Tera Hertz, and Adaptive Optics.
The size and weight of a future defence system would be reduced with better performance by
exploiting these technologies. A number of new areas of research are also being taken up at IRDE to
further supplement existing expertise. The emerging technologies would be useful in developing
next generation camouflaging, countermeasures, explosive detection, and sensing devices.

In this presentation, a brief overview of activities going on at IRDE Dehradun will be given.

Instruments Research & Development Establishment, Raipur Road, Dehradun — 248 008
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Hybrid Silicon Photonic Devices for Switching and Memory

Applications

Rajesh Kumar*.Shubham Singh. Nadir Ali.Aditi Sharma

Abstract.Silicon photonics is on the forefront to lead photonics technology for short and long reach
optical communication. Multi-and fully-functional optical chips require integration of active and
passive photonic components and devices on a single chip. Many photonic components and devices
with extremely high performance have been demonstrated that can be integrated on a single chip and



many are either missing or have poor performance. Photonic memories, buffers and switches that are
non-volatile in nature and consume lesser power while having ultra-low footprint are in the category
of later. The talk will focus on novel solutions potentially useful for chip to chip and long reach
communication using non-volatile phase change material Ge2Sb2Te5 integrated on silicon photonic
platform. Such devices can be realized at current optical communication wavelength of 1.55 pm as
well as emerging window of optical communication around 2 pm.

Indian Institute of Technology Roorkee, Roorkee-247667, India
*E-mail: rajeshfph@iitr.ac.in
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Optically Tuned Anisotropic, Plasmonic, Multitasking

Nanostructures

Sulabha Kulkarni

Abstract. In the condensed matter Physics one always talks about structure-property correlation.
However, one talks about structure-size-shape-properties correlation in nanoscience. The properties
of nanomaterials, either semiconductors, metals or metal oxides depend on material, structure as well
as size and shape. This gives an opportunity to obtain a huge variety of materials with similar
building blocks!

Metal nanoparticles of silver and gold, rightly termed as Plasmonic particles are no exception. They
can be obtained as spherical particles, rods, cubes, prisms, wires, spears and platelets to name a few.
Although there are few reports on lithographically achieved shape control, many research groups
prefer a wet chemical route to obtain the plasmonic particles.

Amongst the different methods developed to obtain anisotropic particles, seed mediated growth is
very facile. Starting with the seeds ~ 2-3 nm in size one can choose different paths to end up with
various shapes and sizes of gold or silver nanoparticles. Reaction parameters like temperature, pH,
concentrations of precursors, use of surfactants along with the methodology and technique help in
achieving the final goal. Once the size and shape control is achieved even self assembly of these
materials can occur under certain conditions adding to the advantages of these materials. Here, we
will discuss some examples of plasmonic nanostructures.

Gold as well as silver are unreactive (noble) metals in their bulk form due to their completely filled
electronic 4d (only for Ag) and 5d shells (for Au). However, these particles are very reactive at the
nanoscale. The nanoparticles of Au and Ag can be used in sensing applications as well as for



catalysis. We have synthesized Au-Cu alloy nanostars and embedded them in Polyaniline (PANI).
The nanocomposite thus fabricated was used as the ammonia gas sensor. A different type of
nanocomposite ammonia sensor using coreshell of silica (rod)-gold nanoparticles in PVA proved to
be even better and selective for ammonia gas. Another kind of sensors, which use the optical
properties of gold and silver also were made. Novel silica-silver core-shell particles were fabricated
to detect E-coli in water with very high sensitivity. Surface Plasma Resonance (SPR) characteristic
of silver was used here to detect instantaneously even the low level of water pollution. Another
optical ultra sensitive sensor was due to self-assembly of vertically aligned gold nanorods. Due to
their superlattice arrangement over large area of few micrometers these nanorods generated strong
electric field between them (hot spots). These were used to detect ultra low concentrations of glucose
and TNT, using Surface Enhanced Raman Spectroscopy (SERS). Gold nanorods were also used in
the laser welding of the tissues. Here the advantage is taken of the tunable longitudinal SPR, which
can be easily tuned to the wavelength of the laser. This helps in having strong absorption of laser
power at the required spot in the tissue.

More interesting galvanic replacement type of gold nanoparticles also can be synthesized using
silver nanocubes. Silver nanocubes themselves were used in organic solar cell, which showed
improved efficiency.

Briefly, gold and silver nanoparticles of variety of shapes and sizes were synthesized and used to
demonstrate the application potential of plasmonic particles in different fields. This is only a glimpse
of what can be done with plasmonic particles. Many more morphologies and their applications are
possible with gold and silver nanoparticles.

Centre for Materials for Electronics Technology, Pune
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Nanoscale Chemical Imaging of Plasmonic Modes beyond the

Diffraction Limit

Basudev Lahiri

Abstract. The ability to image plasmonic and photonic modes of nanomaterials at the nanoscale
level is fundamental for their applications in numerous areas including solar energy harvesting and
single molecule sensing. Present day high-resolution imaging techniques — such as Atomic Force
Microscopy (AFM) and Scanning Electron Microscopy (SEM) can provide accurate information on
the structure (morphology) of nanomaterials. However, the information regarding their chemical
compositions are usually obtained over a large-scale area, typically using Infrared (IR) spectroscopic



techniques [usually, tens of micrometer for Fourier Transform Infrared Spectroscopy (FTIR)]. These
conventional spectroscopic techniques suffer from diffraction limits in probing materials of
dimensions smaller than their operating wavelengths — thereby producing inaccurate information
that fails to correlate between the physical and chemical properties of nanomaterials — thus,
inhibiting their proper development.

The Photo Thermal Induced Resonance (PTIR) is a new technique that overcomes the limitations of
conventional spectroscopy by combining the lateral resolution of Atomic Force Microscopy with the
chemical specificity of IR spectroscopy to produce chemical images at nanoscale levels. PTIR is a
versatile nano-imaging and characterization technique that is fast, accurate and can be used over a
variety of materials. In this talk, I will discuss the mechanisms of the PTIR method and describe how
to image the bright and dark plasmonicmodes of nanoscale Split Ring Resonators (SRRs). I will also
demonstrate the application of PTIR for chemical imaging of Polymer Nanocomposites and mapping
their local absorption enhancements.

Nano Bio Photonics Group, Dept. of Electronics & Electrical Communication Engineering, IIT Kharagpur
E-mail: blahiri@ece.iitkgp.ac.in
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Wave propagation analysis through pseudo random phase plate

(mimicking atmospheric turbulence) for imaging

Christi Jose . J Sreelakshmi . Pramod Panchal . C S Narayanamurthy

Abstract. Imaging through atmospheric turbulence is challenging due to the temporal fluctuations of
refractive index spoiling quality image of distant object. In this paper we report some of our
experimental investigations by propagating different class of beams through a Pseudo Random Phase
Plate (PRPP) mimicking Kolmogorov type atmospheric turbulence and its influence on imaging.

Applied and Adaptive Optics Laboratory, Department of Physics, IIST, Valiamala(PO), Trivandrum - 695547
E-mail: ¢_s_narayanamurthy@rediffimail.com
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Vector beam with required phase-only functions for asymmetric

image encryption

Naveen Kumar Nishchal

Abstract. With the technological evolution enormous amount of information/data is being created,
stored, and exchanged. This requires efficient security system for secure storage and secure
transmission. Digital schemes for information security already in use are being researched further
considering improvement in terms of robustness and speed. Optical cryptosystems are being
developed owing to their inherent features in terms of speed and security. The techniques have
attracted increased attention of researchers after the report of first pioneering work; double random
phase encoding (DRPE) was reported in 1995. Since then a large number of techniques have been
demonstrated. At a later stage, the DRPE scheme was proved vulnerable due to involved linearity in
the method. To overcome the weakness, optical asymmetric cryptosystems have been proposed. In
which, the encoded spectrum (may be Fourier, Fresnel, fractional Fourier, gyrator) is amplitude- and
phase-truncated. The amplitude-truncated part is stored as decryption key and phase-truncated part is
further encoded and the process is repeated. In this process, different keys are used for encryption
(encryption keys) and during the encryption process, ‘decryption keys’ are generated. The
encryption keys are not required for retrieval of original information. Use of decryption keys and
following the correct process results original data/image. To further strengthen the technique, phase
retrieval algorithm has been applied for generating phase-only functions and used as keys. In this
paper, the emphasis will be on optical asymmetric encryption schemes based on generation of vector
beams with non-uniform arbitrary polarization distribution. The proposed scheme is based on the
vector beam generator which uses the modified phase retrieval algorithm for controlling the phase of
the generated vector beam. Stokes polarimetry of the generated vector beam is carried out to obtain
the ciphertext and one of the keys. The encryption process can be achieved optically, while the
decryption can be done numerically.

Department of Physics, Indian Institute of Technology Patna, Bihta, Patna-801 106, INDIA
E-mail: nkn@iitp.ac.in
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Fiber Laser and Supercontinuum Source — Versatility in Light

Domain

Mrinmay Pal

Abstract. Fiber lasers have seen progressive developments in terms of spectral coverage, brightness
and beam quality, output power, pulse energy and width since the first demonstration of a glass fiber
laser in 1964. Their applications have extended into a variety of fields like industrial, medical,
scientific and strategic sectors. In my presentation, recent development on fiber laser will be briefly
reviewed and current activities at CSIR-CGCRI on CW, Q-switched and mode-locked fiber lasers
with pulse dynamics will be addressed. The whole landscape of supercontinuum generation changed
in the mid-1990s with the invention of photonic crystal fibers (PCF). The special micro-structures of
these PCFs have a number of benefits like endlessly single-mode nature, dispersion tailoring and
high non-linear property. The most notable one is the ability to tailor the dispersion properties. In my
presentation, details of silica PCF fabrication and development of supercontinuum source will be
presented.

CSIR-Central Glass & Ceramic Research Institute
E-mail: mpal@cgcri.res.in
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On the contributions of Prof. Porsezian

Prashanta K Panigrahi

Abstract. Prof. Porsezian’s research encompassed a wide classes of non-linear systems associated
with optics. Generation of optical solitons and solitary waves and their physical properties have been
studied by him and his collaborators leaving behind research mile-stones which will stand alone.
The instability of their systems and associated physical aspects had been an area of deep interest to
him. The generation of rogue waves and superluminal light owe their origin to this modulational
instability. In this reminiscence, we will touch upon some of their notable research areas of Prof.
Porsezian’s brief career.

Indian Institute of Science Education and Research Kolkata
E-mail: pprasanta@jiserkol.ac.
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Expansion dynamics of ultrafast laser produced metal plasmas

Reji Philip

Abstract. The properties of laser-produced plasma plumes from metallic targets are under extensive
investigation owing to a wide variety of applications. Recently, we have comprehensively studied
the dynamics of the expansion of laser produced metal plasmas into a vacuum chamber for
background pressures ranging from 10-5 to 102 Torr, employing the diagnostic tools of optical
emission spectroscopy, fast gated time-resolved imaging, ion time of flight measurements, and
surface morphology analysis. Comparative studies of ultrashort pulse (fs) laser ablation (ULA) and
short pulse (ns) laser ablation (SLA) have been carried out. While the electron temperature and
number density of the plasma can be calculated from optical emission spectra, plume bifurcation due
to the propagation of fast and slow species can be studied from time-resolved ICCD images. The
expanding plasma shows a spherical morphology for plumes produced by smaller beam sizes, and a
cylindrical morphology for those produced by larger beam sizes. Linear, shock wave and drag
models have been used to understand plume expansion dynamics in the low, intermediate and high
background pressure regions respectively. Ion current and dynamics have been measured using a
Faraday Cup and the signals are compared for both ULA and SLA, from which the SLA plasma is
found to be the more efficient ion source. These studies are of potential importance for variety of
applications, including ion beam generation, pulsed laser deposition, laser welding and
micromachining.

Raman Research Institute, C.V. Raman Avenue, Sadashivanagar, Bangalore 560080, India
E-mail: reji@rri.res.in
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Visible Emission Line Coronagraph (VELC) on India’s First

Space Solar Mission Adityal.1- Design and realization challenges

B. Raghavendra Prasad

Abstract. VELC-Aditya(L1) is an internally occulted space solar coronagraph with simultaneous
imaging, spectroscopy and spectro-polarimetry channels close to the solar limb. The primary science
goals of this mission are (1) Diagnostics of the coronal and coronal loops plasma (Temperature,

Velocity, & Density), (2) Heating of the corona, (3) Development, dynamics & origin of CME's, (4)
Studies on the drivers for space weather and (5) Measurement of coronal magnetic fields in the
corona (not planned by any mission so far). VELC is designed to image solar corona from £1.05Ro
to +3Ro (Ro: solar radius) with a plate scale of 2.5"/pixel. It has multi-slit spectroscopic channels at
three emission lines namely 530.3nm, 789.2nm and 1074.7nm with spectral resolution of 65mA,
95mA and 150mA respectively. It has dual-beam spectro-polarimetry at 1074.7nm for magnetic field
measurements. FOV for spectroscopy and spectro-polarimetry is from +1.05Ro to £1.5Ro. The pay-
load consists of 40 optical elements, four large format detectors and multi-operational mechanisms.
The stringent demands on design, realization of subsystems, integration and finally the calibration
challenges will be discussed in this talk.

Principal Investigator, VELC-AdityaL.l
Indian Institute of Astrophysics, Bangalore
E-mail: brp@iiap.res.in
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Opto-electronic enhancement in nano-structured thin film

photovoltaic devices

Jagdish A K. Kumar M P. D Roy Mahapatra . Gopalkrishna Hegde . Praveen C
Ramamurthy

Abstract.thinNano-structured platforms have been explored in the context of enhanced absorption in
photovoltaic systems [1, 2]. However facile fabrication of nanostructures remains a challenge. Also
identification of important device length-scales over which nano-scale effects result in enhanced and
combined opto-electronic performance is a problem seldom addressed. We present our work on



identification of enhancement mechanisms in both the optical and electrical domains, in a proof of
concept polymer photovoltaic system shown schematically in Figure 1(a). The experiments are
carried out a nano-structured platforms fabricated by facile methods involving template-based
moulding.

The nanostructured device are seen to result in a significantly improved photocurrent, as seen from
the external quantum efficiency curves in Figure 1(b) and the enhanced absorptance of the structured
architecture in Figure 1(c). We see that the enhancement in due to simultaneous improvements in
optical absorptance and charge transport.

Further we also present our findings on the effects of the length scales of the various layers in the
device architecture and the consequent trade-offs between nano-structured enhancement and
increased parasitic losses with nanostructures. This leads to design rules for geometry and material
selection in the general context of thin film photovoltaic devices. Further, our novel fabrication
method opens up a simplified experimental method to make device quality nano-patterned substrates
at an applied level, and studying nano-scale phenomena at the fundamental level.
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Fig. 1 (a) Schematic device architecture employed (above) and structured substrate (below), (b)
External quantum efficiency of planar and structured devices, (c) Computed absorptances of planar
and structured devices.
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Laser induced subwavelength periodic surface structures and
their application towards broad band absorption and super-
hydrophobic surfaces

D. Narayana Rao

Abstract. Femtosecond (fs) laser direct writing (LDW) has been touted as an excellent technique for
creating subsurface structures on metals, semiconductors and dielectrics and has led to many
advanced applications. We are going to present our recent results on fabrication of laser induced sub-
wavelength periodic structures (LIPSS) also known as ripples on various materials like diamond, Si,
Ge, Ti, Al, and Ag by fs LDW technique. Several theories have been proposed in literature to
explain the observed sub-wavelength features and we take a look at some of these explanations and
see how they support our results. The presentation will also show how the surface reflectivities can
be reduced over a very broad range of wavelengths making them useful in imaging systems. The
surface modifications also lead to super-hydrophobicity.

School of Physics, University of Hyderabad, Prof. C. R. Rao Road, Gachibowli, Hyderabad-500046, India
E-mail:dnrsp@uohyd.ac.in
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Thin Film Sensing with Terahertz Metamaterials

Sabyasachi Banerjee'. Maidul Islam’. Ch. Sai Amith'. Jagan Mohan Suraboina’. Gagan
Kumar’. Dibakar Roy Chowdhury'

Abstract. We investigate thin film sensing capabilities of various terahertz (THz) metamaterial
structures, one comprising of an array of asymmetric double split gap ring resonators (SRR) and the
other having simple rectangular SRRs. The sensitivity and corresponding figure of merit (FoM) of
the odd and even resonant modes are analyzed with respect to different thicknesses of the coated
analyte film. Such studies should be very useful for the development of metamaterial based sensing
devices in near future.

'Mahindra EcoleCentrale, Hyderabad, Telangana, India, 500043
2Department of Physics, IT Guwahati, Assam, India, 781039
E-mail:dibakar.roychowdhury@mechyd.ac
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Unconventional Photon Blockade in Cavity Optomechanics

Amarendra Kumar

Abstract. Single-photon sources are in high demand as its necessary for possible applications of
photons in quantum information processing and quantum communication. Photon blockade (PB) is
one of the ways of obtaining single photons. Using PB one can produce sub-Poissonian light from a
cavity, driven by a classical light field. In this talk I, starting with the basics, will discuss about
various novel schemes proposed by our research group to obtain photon blockade in various
optomechanical set up [2]. I will also discuss about our recent proposal to achieve photon blockade
in three-mode optomechanical systems [3].

References:
[1] T. C. H. Liew and V. Savona, Phys. Rev. Lett. 104, 183601 (2010).
[2] B. Sarma and A. K. Sarma, Phys. Rev. A 96, 053827 (2017).

[3] B. Sarma and A. K. Sarma, arXiv: 1805.02218 (2018).

Indian Institute of Technology Guwahati
E-mail:aksarma@iitg.ac.in



OSI-ISO 2018 manuscript No.
(140)

Angular momentum transfers in spin-orbit beams
P.Senthilkumaran

Abstract. We deal here few mechanisms in which the spin and orbital angular momentums can be
transferred to spin-orbit beams. Depending on the type of the angular momentum that is transferred
the type of the singularity also undergo changes. This has been explained using circular basis
representation of polarization singularities. It is planned to introduce the phase singularities and the
orbital angular momentum of photons. Types of angular momentums are introduced. Generation

and detection methods are described. How the transfer of one type of momentum transforms a beam
is discussed and some of the interesting results are presented in this talk.

Department of Physics,Indian Institute of Technology Delhi
E-mail: P.Senthilkumaran@physics.iitd.ac.in
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Optically probing nanomechanical effects of light-fluid
interaction

Kamal P. Singh

Abstract. While the photons momentum in vacuum is well established, the nature of photons
momentum inside a transparent dielectric medium, such as water, is still debated for over a century
known as the Minkowski-Abraham controversy. In this talk, I will shed light on this long-standing
puzzle by employing direct interferometry on tiny fluid drops capable of resolving nanomechanical
effects of light on an air-fluid interfaces. With our high precision data we unambiguously validate
the century-old Minkowski theory for a general angle of incidence. The possibility of existence of
Abraham momentum is systematically examined experimentally. We discuss our recent attempts to
achieve sub-nm precision and non-invasive characterization (thermal, elastic, viscous etc) of
complex biological fluids.

Dept. of Physical Sciences, IISER Mohali, Mohali, Punjab 140306, India
Email: kps.iiserm@gmail.com
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Coherence waves interference to overcome phase recovery

challenge: in optical, crystallography and X ray imaging

Rakesh Kumar Singh

Abstract. Coherence function behaves like a wave and follows two-four dimensional wave
equations. Utilizing this feature, available resources of the optical signal processing can be used for
the coherence. Moreover, coherence waves give liberty to design and develop lensless configurations
for optical, electron beams, X rays. Recently, we have come up with new methods using
interference of the coherence waves to overcome phase recovery in a non-iterative manner. Our
technique makes use of the Hanbury Brown-Twiss (HBT) approach. In this paper, we discuss issues,
developments and our contributions on phase recovery with a lensless geometry. Applications of
coherence wave interference in the correlation holography, Stokes holography and single pixel
Hybrid correlation holography are also highlighted. Based on our experience in the optical domain,
we believe and propose to apply interference of the coherence waves in areas like crystallography
and X ray Imaging.

Indian Institute of Technology (BHU), Varanasi
E-mail: krakeshsingh@gmail.com
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Ultrafast dual-channel switching and ultrathin superconducting

metamaterials

Yogesh Kumar Srivastava'’. Ranjan Singh'?

Abstract. In this work, we demonstrate all-optical dual-channel switching of sharp Fanoresonances
excited in superconducting asymmetric split ring resonators. Upon irradiation with optical pump, the
ultrasensitive Cooper pairs in superconductor undergo dual dissociationrelaxationdynamics within a
single superconductivity restoration cycle and lead to dual switching windows in picoseconds



timescale. The extreme sensitivity of Cooper pairs to external perturbations enable access to such
unique dual switching features, which can be readily engineered by varying the substrate properties.
Moreover, we introduce a thinnest superconducting terahertz metamaterial. We demonstrate that
superconducting metamaterials of thickness 25 nm supports excitation of Fanoresonances while
metallic samples of identical thickness do not show any Fano resonance. Upon irradiation with
optical pump, ultrathin superconducting metamaterials show extremely low threshold switching. Our
results manifest new ways to realize extremely low threshold ultrafast dual channel switchable
devices.

'Division of Physics and Applied Physics, School of Physical and Mathematical Sciences, Nanyang
Technological University, 21 Nanyang Link, Singapore 637371, Singapore.

*Center for Disruptive Photonic Technologies, The Photonics Institute, Nanyang Technological University, 50
NanyangAvenue, Singapore 639798, Singapore.

E-mail: ranjans@ntu.edu.sg
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Statistics of Heralded Twisted Single Photons

Nijil Lal" 2. Ayan Biswas"’. Ali Anwar'.Anindya Banerji'.R. P. Singh'

Abstract. Using spontaneous parametric down conversion with vortex pump, we generate heralded
single photons carrying orbital angular momentum (OAM). We study the variation of the second
order quantum coherence function with the topological charge of twisted single photons.

'Quantum Science and Technology Laboratory, Physical Research Laboratory, Ahmedabad — 380054, India
*Indian Institute of Technology, Palaj, Gandhinagar, Gujarat, India
E-mail: rpsingh@prl.res.in
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Slow light enabled nanophotonic devices on Photonic Crystal

Platform

Ravindra K. Sinha

Abstract. Slow light refers to reduction of the group velocity of the light wave propagating in a
medium. This leads to increased light matter interaction strength, which enables increased time delay
for optical signals as a key functionality for processing, storing and buffering optical signals.
Photonic Crystal line defect waveguide is one of the most suitable platforms to generate and control
the slow light. The dispersion curve of guided modes is used to determine the group velocity of light
wave propagating through them. The realization of slow light effect in Photonic Crystal line defect
waveguide due to flattening of dispersion curve can be achieved by numerous ways such as by
changing hole sizes and shapes, infiltrating with dielectric material and by adjusting the position of
holes adjacent to the waveguides. In this invited talk, Photonic crystal line defectwaveguides in
silicon on insulator (SOI) platform will be described and the method to obtain optimized
structuralparameters for the design of (i) optical buffer in terms of delaybandwidth product (ii) Time
and wavelengthdivision multiplexure (iii) Optical spectral switch and (iv) generation of optical
soliton at incredibly low optical power will be covered.

CSIR-Central Scientific Instruments Organisation, Chandigarh
E-mail: dr_rk sinha@yahoo.com
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Laser based Systems: Recent Developments at LASTEC

H. B. Srivastava*. A. K. Razdan. M. N. Reddy. Rahul Bhatt

Abstract. LASTEC is a DRDO laboratory working in the field of Laser based systems. Multiple
Laser technologies are being pursued at LASTEC. Some of these technologies have matured to some
extent and accordingly a few systems, based on them, have been developed. These include Optical
target locator, Laser Fence, Explosive Detectors called ‘Pre-emptor’, Ordinance Disposal system
called ‘LORDS’, etc. These systems are at various stages of Trials, Evaluations and Improvisations.



A number of new technological initiatives are also being pursued. LIDAR systems fall under this
category. Specifically, the technologies related to stand-off detection of clouds, aerosols, chemical
agents and explosives have become very important.

LIDAR involves transmitting ‘Pulse Laser’ radiation into the atmosphere and measuring the
‘backscattered radiation’ with time. Depending on the specific variants and associated algorithms,
this ‘back-scattered’ signal provides the information about the clouds / aerosols as well as the
pollutants /chemical agent present in the atmosphere. The knowledge about these has become very
important not only due to the impact of global climate on human health but also because of the
current security situation, where chemical threats have become a reality.

Mie-Scattering based algorithm is used for vertical profiling of clouds and aerosols. By including the
measurement of depolarization as well as Raman channels, the shape and optical properties of
aerosol can be detected. Such a system can also find the water vapour content in the atmosphere.

Differential Absorption Lidar [DiAL] technique is used for identification and quantification of
hazardous chemical agent in the atmosphere. A number of important pollutants, chemical warfare
agents (CWA) and toxic chemicals absorb electromagnetic radiation in the mid infra-red region.
Hence the detection of such molecules is possible if the laser wavelengths are transmitted in this
wavelength band [mid-infrared]. For evaluation of DiAL based system, the simulants are used,
which provide the exact spectroscopic signature of the respective chemical species.

Besides LIDAR technology, high power Laser is another key area in which LASTEC is working
towards achieving the self-reliance. A Fiber Laser system, up to 1 KW, has been realized. For
scaling up the power, multiple beams need to be combined. Out of many alternatives of Beam
combining, the ‘Spectral Beam Combining’ is being pursued.

The talk will include design, development and testing aspects of the above technologies.

*Director, Laser Science & Technology Centre, Metcalfe House, Delhi
E-mail: director@lastec.drdo.in
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Nanophotonics for Tailoring Propagation, Emission and

Topological behavior of Light

GanapathiSubramania

Abstract.Nanophotonic architectures such as photonic crystals and metamaterials have become key
players in modern photonics. They offer hitherto unprecedented capabilities combined with great
versatility to control various properties of light-propagation, polarization, emission and photon
statistics. They have become increasingly important for chipscale photonics. In this talk, I will



present research carried out along with my colleagues in this area using photonic crystals and
metamaterials at Sandia. In particular, I will provide a broad overview of our work covering three-
dimensional photonic crystals operating in the visible, light emission from three-nitride nanowire
two-dimensional photonic crystal arrays, metal-dielectric epsilon-near-zero metamaterials at visible
wavelengths and non-resonant, broadband ultrasubwavelength light confinement structures. I will
follow this overview with two of our more recent efforts. One, is on fabrication and spectroscopy of
site-selective III-nitride quantum dots for quantum light sources using photo-electro-chemical etch.
This approach for deterministic placement can potentially lead to quantum light sources with
deterministic properties, important for quantum information processing. The other is on our efforts
towards achieving topologically non-trivial photonic structures. Topological photonic structures
exhibit one-way scatter-free light transport that can have important applications in optical and
quantum communications.

Semiconductor materials and device sciences, Sandia National Laboratories, Albuquerque, NM 87185
E-mail:gssubra@sandia.gov
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Revisiting Multimode Optical Fibers: Nonlinear Applications

Shailendra K. Varshney

Abstract. In this talk, I’d review the nonlinear interactions in multimode optical fibers with few
recent examples. Multimode optical fibers have been the preferred choice for local area optical
network due to various reasons. Over the last few years, these fibers have gained significant interest
in nonlinear regime due to large possibilities of intermodal phase matching, leading to interesting
nonlinear phenomenon such as intermodal four-wave mixing, cascaded stimulated Raman scattering,
intermodal modulation instabilities and many more.

Dept. of E&ECE, IIT Kharagpur
E-mail: skvarshney@ece.iitkgp.ac.in
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Investigation of exceptional point in a non-Hermitian system

Nirmal K. Viswanathan

Abstract. Exceptional points (EPs), the singularities of non-Hermitian systems, where both the
eigenvalue and eigenvector coalesce, have been under intense investigation due to the unusual
topology of its eigenmodes. The EPs have been demonstrated and characterized in a variety of
physical systems leading to unidirectional light propagation, PT symmetry breaking, selective
optical amplification. The recent article by Berry and Dennis [1] brought together the underlying
physics of EPs in biaxial crystals under different conditions. The singular axes or EPs occur along
directions where the birefringence and dichroism are equal in magnitude, and their principal planes
make 45° angle with each other. The complex dynamics of the EPs is studied carefully, which leads
to a fine control of the EPs and the associated chiral dynamics [2]. Our results on EPs is expected to
generate several intricate features to further the emerging interest in topological optics and
photonics.

School of Physics, University of Hyderabad, Hyderabad 500046, India
E-mail: nirmalsp@uohyd.ac.in
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Splicing of SMF and MOF: Loss Evaluation Using Enhanced
Analytical Field Model

Dinesh Kumar Sharma. Anurag Sharma. Saurabh Mani Tripathi

Abstract The majority of optical fiber devices such as detectors and switches use standardized
telecom fiber connectors. Therefore, most of the practical applications of specialty fibers,
including microstructured optical fibers (MOFs), require a reliable and repeatable low-loss
splicing with standard single-mode fiber (SMF). Although strongly demanded such splices are
still one of the fundamental issues for realistic MOFs based applications due to completely
different inner structures of SMF and MOFs. Using enhanced version of the analytical field
model, we have evaluated splice losses between MOF and SMF without considering the effect
of air-holes collapse at the joint interface. However, collapsing of air-holes can facilitate to
reduce the mode-field mismatch, and thus lowering the losses. Therefore, we have also
evaluated splice losses taking into account the effect of shrinking of air-holes at the splice
interface. For comparison, we have included results based on finite-element method.

Keywords Splice loss. Microstructured optical fiber. Enhanced field model. Single-mode fiber

I. Introduction

The performance and integrity of optical fiber based devices and systems are often
critically dependent on optical coupling between interconnected fibers/waveguides. Fusion
splicing has been widely used to interconnect different fibers, and the splicing quality
plays an important role on performance of devices in various applications. Furthermore,
high mechanical strength at splicing joint is critical, for ensuring excellent long-term fiber
device reliability, essential for applications such as undersea optical transmission and
gyroscopes. Recent, emerging specialty optical fibers such as large-mode area fibers and
microstructured optical fibers (MOFs) also referred as photonic crystal fibers [1] pose a
new challenge to fusion splicing technology because of their distinct characteristics. New
splicing techniques are required and more in-depth understanding of optical characteristics
at splice joint is required. When two dissimilar fibers are fusion spliced together, a
longitudinally varying transition region at splice joint is created. For a given fiber pair,
efficient light coupling depends on proper optimization of splice joint. The waveguide
transition at splice joint leads to optical field change when light propagates through space.
As a result, an optical transmission loss occurs at the splice joint. For studying the
fundamental modal characteristics of high-index core triangular MOF with circular air-
holes in air/silica microstructured cladding, we have developed an improved field model
[2], and have achieved appreciably good agreement between experimental and numerical
results; reflecting the strength of field model, equipped well to take into account the field
asymmetries around the air-holes. In this paper, we aim to illustrate optical characteristics
of interconnected joint when two dissimilar fibers such as MOF and classical step-index
fiber are spliced together, and to estimate coupling loss by using enhanced field model [2].
Also, we have evaluated splicing losses taking into account the effect of collapse of air-
holes at the joint interface between the fibers. We have checked the accuracy of our results
with those based on full-vector finite-element method (FEM), as available in the literature.

Dinesh Kumar Sharma
School of Vocational Studies and Applied Sciences, Gautam Buddha University, Greater Noida - 201312, India
E-mail: dk81.dineshkumar@gmail.com




II. Enhanced field model
We have considered the following trial electric field with 4,a,a,,0,B,a, and 1 as the
field parameters, associated with 6-fold rotational symmetric of the hexagonal lattice [2]:
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where A is termed as pitch. Using variational method for guided scalar modes, optimized
values of model parameters have been obtained during the process of optimization.

ITI. Results and discussion

Using enhanced field model, we have evaluated splice losses based on overlap integral of
optical field amplitudes of guided modes in interconnected fibers such as high-index core
MOF and SMF-28 fiber [3], assuming that both fibers are perfectly aligned. Splice losses
as a function of pitch is shown in Fig. 1 at A = 1.55 pm for d/A = 0.40. For demonstrating
the performance of enhancement in the field model, we have also included results based
on earlier developed field model, termed as 1-Ring Model [4]. For checking the accuracy
of results, we have also included results based on full-vector FEM [3].
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Fig. 1. Splice losses as a function of pitch. Fig. 2. MFD and d/A against degree of collapse ratio.

The MOF/SMF splicing loss is mainly caused by mode-field mismatch, and it is possible
to match mode-field diameters (MFDs) of SMF and MOF by collapsing the air-holes of
MOF. During splicing process, air-holes of MOF shrink, and the relation between air-hole

0.5
size and pitch can be given by [5]: A/A, = [\/5/2 —7r/4(d0/A0)2/«/§/2 —7r/4(d/A)2} ;
where A, and d, are initial values of pitch and air-hole size, respectively. The MFD of an

MOF increases linearly with A and decrease with increase in d/A ratio, and the relation is

given by, d/A=d, (1—5)/1\0\/1—,0(510/1\0 ) +p(d, (1-8)/A,) 5 where p=n3/6 is
a constant, and the collapse ratio of air-holes is given by 6 = (do -d )/ d, with 0<5<1.
The results evaluated by using enhanced field model, for solid-core ESM-12-01 MOF [5]
with A = 8.0 um and d/A =0.46, is shown in Fig. 2. The MFD of ESM-12-01 MOF is

enlarged from ~6 pum to ~12 um, when the collapse ratio changes from 0% to 55%. The
MFD of SMF-28e [5] is ~10 um. It can be depicted from Fig. 2, that the enlarged mode
field of MOF can match that of SMF-28e, when air-hole collapse ratio is 60%-70%.

IV. Conclusion

Using enhanced version of field model, we have evaluated splice losses between index-
guiding MOFs, and traditional step-index single-mode fiber. Enhanced field model is
significantly better for modelling the azimuthal variation of modal characteristics for the
MOFs, particularly, when modal field spreads deeper into the holey cladding. We have
checked the accuracy of our results with those based on full-vector FEM.
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Design of Multi-band Terahertz Metamaterial
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Abstract

This work presents the design of multi-band terahertz metamaterial using two hexagonal shaped split ring
resonators. The designed structure provides bandstop characteristics at five frequencies 0.08THz, 0.142THz,
0.285THz, 0.39THz and 0.4725THz respectively for transverse electric mode. The numerical simulation results
show that the design has obtained polarization dependent transmission characteristics.

Keywords: Terahertz, multi-band, metamaterial, sensing

Introduction

Terahertz (THz) is the band of frequencies i.e. 100GHz to 30THz lies between microwave and infrared
regions. Initially it has been used widely in the field of astronomy but the advancements in the technology made its
utilization in number of fields such as communication, medical, security, non destructive testing etc.[1]. The
development in the metamaterials will provide a solution for obtaining the polarimetric devices in the terahertz
range[2]. Metamaterials are an artificial electromagnetic structure which consists of a periodic array of the metallic
unit cell with each dimension in the order of sub-wavelength of the operation. These metamaterials have exotic
properties such as negative refraction, backward propagation, cloaking and so forth and are of great interest in the
terahertz field where it is mainly used for sensing, imaging, modulation, etc.[3-5].

Design

The schematic representation of the proposed multi-band terahertz metamaterial is depicted in Figl.The structure
consist of two layers: a PTFE dielectric substrate and on top copper based metallic resonators. The thickness of the
dielectric and metallic patch is 0.25mm and 0.5um respectively. The dimensions of the designed metamaterial
structure are as follows: p=0.5mm, d=30um, g=40pum, w=30pm, r1=180pum and r2=240um.

& >
< >

Figl. Schematic representation of the proposed multi-band terahertz metamaterial
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Results and Discussions
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Fig2.Transmission characteristics of the proposed terahertz metamaterial for TE and TM polarization
Conclusions

A five band terahertz metamaterial is designed and its numerical evaluation is reported using CST
Microwave studio software. The designed structure has polarization dependent transmission behavior which finds
importance for making polarimetric components. The numerical simulation results reveal that the structure has angle

independent operation in all the resonances.
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Abstract

An important challenge in the field of three-dimensional ultrafast laser processing is to achieve in the bulk
structuring of silicon and narrow gap materials. Attempts by increasing the energy of infrared ultrashort
pulses have simply failed. Our solution is inspired by solid-immersion microscopy to produce hyper-focused
beams which are intrinsically free from aberrations and associated with an extreme energy confinement deep
into the matter. Its validity is demonstrated by controlled refractive index modifications inside silicon. This
opens a way to the direct writing of 3D monolithic devices for silicon photonics and provides perspectives
for new strong-field physics and warm-dense-matter experiments.

Keywords: Femtosecond laser, material processing, laser writing, ultrafast optics, nonlinear
propagation, nonlinear ionization

An important challenge in the field of three-dimensional (3D) ultrafast laser processing is to achieve
permanent modifications in the bulk of silicon (Si) and narrow-gap materials. Attempts by
increasing the energy of infrared ultrashort pulses with conventional laser machining configurations
have failed [1-3].

We concentrate on the limitations experienced in femtosecond interactions at 1300-nm wavelength
to fully identify their origins. We focus our experimental investigations on the 3D reconstruction of
the nonlinear pulse propagation and ionization of Si under tight focusing configurations. By
comparison with simulations [4], we quantify the strong nonlinear and plasma effects in the pre-
focal region causing the limitations [5]. With an extrapolation of the energy density that could be
delivered with hyper-NA values (up to 3.5 in Si), we show that solid immersion focusing provides a
solution to achieve ultrafast optical breakdown in Si [5].

By repeatedly illuminating the center of a Si sphere with pulses focused at apparent NA near 3, we
exceed the breakdown threshold with sub-100 fs pulses. As illustrated with figure 1, we measure
with an infrared phase microscopy arrangement a highly-localized negative change of the refractive
index that allows envisioning the fabrication of photonic microdevices.

Amplitude Phase
I7g AD (rad.)
1 0.5
0 -0.5
(a) (b) (©)

Figure 1: Refractive index modification achieved in the bulk of silicon with ultrashort pulses. (a) Sketch of
the configuration for micro-modifications created at the centre of silicon spheres using focused 60-fs laser
pulses with the hyper-NA value of 2.97. (b) Bright-field infrared images of a modification for 1000 applied
laser pulses of 20 nJ energy. (c) Corresponding phase image indicating a local change of the silicon refractive
index An<—0.07.


Kajal chaudhary
Textbox
 OSI-ISO 2018 manuscript No.
 (4)

Kajal chaudhary
Line


Beyond this proof-of-concept demonstration, we translate the experiment with the astigmatic solid-
immersion lens (ASIL) configuration consisting in focusing the laser radiation through an
hemispherical Si sample while ensuring an appropriate optical contact with a planar wafer. This
makes possible to achieve similar modifications in Si wafers with a long working distance focusing
objective of modest NA (<0.3). This represents a critical step towards technological developments.

We expect that refractive index engineering by ultrafast laser writing will open the new possibilities
of 3D architectures and monolithic Si platforms for silicon photonics and it can change the way the
microsystems are today designed and fabricated in this field.
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Novel polarization singularity lattice structures

Sushanta Kumar Pal . P. Senthilkumaran

Abstract : Polarization singularity lattices exhibit richer features and vari-
eties than phase vortex lattices. Phase and polarization engineering technique
can be used to realize lattices consisting of only C-points or only V-points
of different Stokes indices. In this article we discuss the generation of polar-
ization singularity lattice structures embedded with both integral and half
integral C-points. These lattice structures are unique as the occurrence of in-
tegral C-point is rare. Interestingly all the C-points in the lattice patterns are
of same handedness irrespective of the index of the C-points. The feasibility
of these lattice structures are based on sign principle.

Keywords Interference, Polarization, Optical Vortices, C-point.

Star, lemon and monstar are the generic polarization singularities (C-points)
in two dimensional ellipse fields [1-3]. These are isolated singular points in
the spatially varying polarization distributions, where the orientation of the
azimuth is indeterminate. The C-points can have positive or negative, integral
or half integral index values. They can be of left or right handed and can be
dark or bright. C-points with half integral index values are more common,
whereas C-points with integral index values are rare.

We present interference of six phase engineered radially polarized plane
beams for generation of various lattice structures. The wave vectors of these
six beams are symmetric and lie on the surface of a cone such that, k; =
2 {cos(&;) sin(f), sin(&;) sin(6), cos(9)}, where j is the beam number and j =
1 — 6. The angle between any of these wave vectors and k,-axis is § = 0.15°
and &; is the angle between the projection of a wave vector onto the transverse
plane and the k, axis. In the transverse plane the electric field vectors of
these six interfering beams are oriented in a radial fashion. The resultant

Department of physics, Indian Institute of Technology Delhi, New Delhi 110016, India.
E-mail: sushantal985@gmail.com



Sushanta Kumar Pal, P. Senthilkumaran

Py p—

Fig. 1 Six-beam interference: (a) Intensity distribution; (b, ¢) polarization distributions

field of six phase engineered vector beams can be written as Eg = Z?:1 E; =

Z?Zl etk r+2i7/6) The resultant six-beam interference intensity distribution
is shown in Fig. 1(a) and Si2 Stokes intensity is shown as inset.

Normalized Stokes parameters (51,52,53) are widely used to describe the
states of polarization in an optical field [4]. Complex Stokes field S15 = S7+1455
can be used to identify polarization singularities. In the S5 phase distribution,
the polarization singularities appear as phase vortices of different topological
charges. The resultant polarization distribution for the interference of six phase
engineered radially polarized vector beams is shown in Fig. 1(b) and the cor-
responding S7o Stokes phase distribution is shown as inset. The polarization
distribution is embedded with both integral and half integral C-points. In the
S12 Stokes phase distribution the integral C-points appear as phase vortices
of charge (+2), whereas the half integral C-points appear as phase vortices
of charge (—1) respectively. In the polarization distribution the left and right
handed regions are depicted by red and blue colors respectively. Interestingly
both integral and half integral C-points are of same handedness. The index
inversed polarization distribution of Fig. 1(b) is shown in Fig. 1(c) [5].

In conclusion we present two novel polarization singularity lattice struc-
tures, in six-beam interference, based on phase and polarization engineering
methods. Lattices populated with both integral and half integral index C-
points are demonstrated. The effect of half waveplate on polarization distri-
bution is also analyzed. The salient features of these lattice structures are
discussed.
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Dynamics of nonequilibrium two mode Dicke model

Aranya B Bhattacherjee - Deepti Sharma

Abstract We investigate the collective dynamics and dynamical phases of
the two-mode non-equilibrium Dicke model. The collective interaction of the
ensemble of atoms with all the modes is the determining factor for the super-
radiant phase transition. The critical condition to observe the superradiant
phase transition is derived and it is found that tuning one of the mode influ-
ences the dynamics associated with the other mode.

Keywords Superradiant phase transition - two-mode Dicke model -
Dynamical phase diagram

PACS 37.30.+i - 42.50.-p - 42.50.Pq

1 Introduction

The collective and coherent effects of many atoms interacting with a radiation
field is described by the Dicke model [1,2,3]. The collective and cooperative
interaction between light and matter is realized only when the spatial dimen-
sions of the ensemble of atoms are smaller than the wavelength of the radiation
field. The Dicke model undergoes a second-order quantum phase transition as
the coupling between the atoms and the radiation mode reaches a specific
critical value.In this work, we investigate the non-equilibrium dynamics of the
two-mode Dicke model.
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2 Multimode equilibrium Dicke model

We consider a system composed of N identical two level atoms confined in
an optical cavity interacting with a certain finite number of cavity modes. All
atoms have the same transition frequency (2. The atoms are coupled to the
4t cavity mode via a dipole interaction with a coupling constant Aj. In terms

of the collective spin operators, the effective Hamiltonian is written as

(J++J-) n
H:ija}aj —&—QJZ—F*%Z)\j(aj—I—aj). (1)
J o J

Here w; is the frequency of the j'* mode and af(a;) is the creation (anni-
hilation) operator of the j* cavity mode.

3 Mean field analysis of the critical condition for superradiant
phase transition and the dynamics

The energy function E(«;,#) in terms of the coherent photon states ajeid’j
, coherent spin 1 / 2 state |z,0), fractional population difference z and mean
photon number aj in the j** mode is derived as

E(aj,0 Zw]a QNCOSQ —+ \Fsm%ZA Qj COS Bj. (2)

J

Minimizing F(«;, ) with respect to a;; and 6, we get the critical condition
to observe the multimode Dicke superradiance

Mcos?¢;
Y L= T (3)

- Wy
j J

For a single mode, Eqn. (3) reproduces the critical coupling constant A\, =
Vw§2/2 [4].

This indicates that the collective interaction of the ensemble of atoms with
all the modes is the determining factor for the superradiant phase transition
instead of interaction with each individual mode. In the mean field approxi-
mation for two modes, we numerically solve the equations of motion for the
variables n; = a?, ®;, 0 and z. The results are shown in Fig.1 which illustrates

the time evolution of the photon numbers n;(t) and nq(t). Fig.1a shows super-
A? cos® b

wj 4
while Fig.1b shows absence of superradiance, since it satisfies the inequality

Z )\? cos? oy < Q
j=1,2 wj 4"

radiance in both the modes which satisfies the inequality >, ,
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Fig. 1 Time evolution of the photon numbers n1 and na for wy = 2, we = 0.802, kK1 = Ko =
0.352. For plots 1la, A1 = 0.5562, Ao = 0.282. For plots 1b, A1 = 0.3652 and A2 = 0.322.

4 Dynamical phase diagram and time evolution

The critical condition for superradiant phase transition for two modes taking
into account the decay of the cavity modes is
)\%wl )\%wg 0

= (1)

fi%er% f{%er% 4

Here k1 and ko are the decay rates of the two modes.

We consider the instability of the initial state a; = 0 and J, = —N/2
by rewriting the operators a — j, Jy, J_ as a sum of mean field part and a
small fluctuation [5]. Analysis reveals that the initial state becomes unstable
exactly when the critical condition for the Dicke superradiance is satisfied.
The dynamical phase diagram thus obtained is depicted in the contour plot
of Fig.2. The time evolution of J,(¢) at the points Ji,J,J3 and J4 marked in
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Fig. 2 Dynamical phase diagram for wo = 0.802, k1 = k2 = 0.3562, N = 10%*.The white
region is the stable non-superradiant region. The red solid line is the boundary separating

the stable region from the unstable region for w; = 0.3f2. The dashed boundary line is
w1 = 0.2 and the dashed-dotted boundary line is for w; = 0.12.

the phase diagram are shown in Fig.3. The fluctuations destabilize the initial
state and a complex time evolution takes place. At the points Jy, Jo and Js,
the system stays in its initial state for a certain duration before it goes into
the superradiant state and reaches its stable attractor. On the other hand,

the initial state at the point J4 remain stuck since the critical condition is not
satisfied for superradiant phase transition.

5 Conclusions

In this work, we have explored the collective dynamics of an ensemble of atoms
interacting with two modes in an optical cavity. The collective interaction
of the ensemble of atoms with all the modes is the determining factor for
the superradiant phase transition instead of interaction with each individual
mode. The collective effect is also evident from the fact that presence of a
second mode influences the dynamics of the first mode.
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Abstract:

In present study, theoretical evaluation of Lossy mode resonance (LMR) based tapered fiber optic sensor
have been carried out. Indium tin oxide (ITO) is used as a LMR active material and deposited over unclad portion
of tapered fiber core. We have analyzed the effect of five different taper profiles viz. exponential-linear, linear,
parabolic, Gaussian and quadratic on the sensitivity of the tapered fiber optic sensor. It was observed that among
five different taper profiles exponential-linear profile has maximum sensitivity and quadratic profile has the least
value. Also, it is found that the sensitivity increases with increasing the taper ratio. To compare LMR and surface

plasmon resonance (SPR) based tapered fiber optic sensors, platinum and copper are used as SPR active materials.
Keywords: Lossy mode resonance, Surface plasmons and Indium Tin Oxide (ITO)

Theory: In recent few years, conducting metal oxides are being used as a substitute of conventionally used metals
for making sensing probes. These metal oxides are capable of exciting several lossy modes. The resonant excitation
of lossy modes is also extremely sensitive towards change in surrounding refractive index. Apart from that a large
number of modifications have been proposed in the structure of the optical fiber for its better performance. Tapering
of the optical fiber is one of the famous techniques used for sensitivity enhancement. In our present study, we have
used principle of attenuated total reflection (ATR) on Kretschmann configuration[1] on a step index multimode fiber
with tapered core. The schematic diagram of the tapered fiber optic probe on a PCS (plastic cladded silica) fiber is
shown in figure 1. We have conceptualized the deposition of thin layers of ITO/Pt/Cu on unclad portion of tapered

fiber core. Wavelength interrogation scheme has been used. The dispersion relations can be calculated using Drude
model as given in reference[2][3]. Transmitted power is calculated using N-layer Matrix method as calculated in

reference[4]. Sensitivity is defined as the change in resonance wavelength per unit change in Refractive index of the

sensing medium[4]

——SRI=1.333
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1
Cladding l & I
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Fig. 2: Transmission spectra for ITO coated

Fig. 1 Schematic diagram of a typical tapered fiber optic probe . A )
tapered fiber optic sensors at taper ratio 1.0
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Results and Discussion:

For LMR to occur, we have used ITO of film thickness 90nm. Similarly, for excitation of surface
plasmons the thickness used is 90nm for platinum and 35nm for copper. The metal oxide/metal coated fiber optic
probe is kept in direct contact with surrounding medium of refractive indices varied from 1.333 to 1.335. Fig. 2
shows the transmission spectra for ITO coated tapered fiber optic sensors at taper ratio 1.0 for two different
refractive index of surrounding medium (SRI) i.e. 1.333 and 1.335. It shows that there is red shift in resonance
wavelength if we increase the SRI. From Fig. 3 and Fig. 4 it is clear that, using 1TO, for exp-linear profile sensitivity
corresponding to first lossy mode is 8.53um/RIU and for platinum and copper it is 4.875um/RIU and 2.41um/RIU
respectively at taper ratio 1.0 i.e. without tapering. We have also analyzed the effect of taper ratio on performance of
the sensor. The taper ratio is increased in steps of 0.1. It is observed that, for ITO maximum sensitivity is
12.005um/RIU at taper ratio 1.7 and for platinum and copper it is 6.39um/RIU and 3.665um/RIU respectively at
taper ratio 2.0. This is due to reason that with increasing the taper ratio the angle of incidence in the transition taper
region approaches the critical angle leading to a larger value of penetration depth of the evanescent wave and hence
stronger coupling between evanescent wave and lossy modes results in higher value of sensitivity. The sensitivity
also varies with variation in taper profile. It was observed that among all five profiles, exponential-linear taper
profile has the maximum value of the sensitivity. Thus, LMR based tapered fiber optic sensors using ITO gives 2.5

fold enhancement of sensitivity than conventionally used SPR based tapered fiber optic sensors.
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Fig. 3 Variation of sensitivity with taper ratio for different Fig. 4 Sensitivity comparison of a LMR and SPR based
taper profiles for ITO tapered fiber optic probe for exp-linear profile
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Low-threshold, stable lasing in gold-coated
nanoporous anodic alumina membranes

Anjani Kumar Tiwari®’" . Saleem Shaik? -
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Abstract We report optically pumped waveguide lasing in 1.8 pm thick nanopo-
rous anodic alumina membrane. The nanoporous structure is fabricated using
double anodization of aluminum sheet. Rhodamine dye dissolved in methanol is
infiltrated in the membrane which automatically fills the nanopores and maintains
a continuous flow of dye by wetting effect. The reflectivity of the membrane is
improved by depositing a thin gold layer on its top surface. The reflection spectrum
of the membrane consists of a series of Fabry-Perot resonances which is shifted
by varying its thickness. While doing so, the pump laser wavelength is matched
with one of the peak and valley of the Fabry-Perot resonances. Whenever the
pump wavelength matches with one of the reflection minima of the membrane,
the coupling of the pump light maximizes leading to a higher optical gain in the
system. In this case, we observed a low threshold, stable and intense lasing from
the nanoporous anodic alumina membrane.

Keywords Nanoporous anodic alumina - Fabry-Perot resonance - Waveguide
lasing - Random lasing

An optical cavity containing an amplifying medium with sufficient gain can pro-
duce coherent emission. Of late, there has been a keen interest in extracting laser-
like emission from various kinds of microstructures such as planar microcavities,
nanowires, photonic microcavities, waveguides, dye-doped aerosols, and even ran-
domly distributed scatterers [1-3]. Higher Q-factor cavities with smaller gain vol-
ume can significantly improve the performance of these devices by offering low
threshold lasing. However, a tiny cavity will have a modest gain volume, which
yields a lower output emission. To some extent, the performance of an amplifying
microcavity can further be improved by the efficient coupling of the pump light.
Herein, we report the consequence of the effective coupling of the incident laser in
dye loaded nanoporous anodic alumina (NAA) membrane [4]. A highly transpar-
ent NAA membrane is prepared by anodizing a 200 um thick aluminum sheet at
40 V in 0.3 M oxalic acid at a temperature of 3° C. The thickness of the mem-
brane, pore diameters, and pore lengths are controlled by varying the anodization
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Fig. 1 (a) FESEM image of the NAA membrane, top panel: surface view, bottom panel:
cross-section view. (b) Top panel: reflection spectrum, the pump laser wavelength is matched
with the reflection maximum (black curve) and minimum (blue curve). Corresponding emission
spectrum at E, = 5.5 uJ (middle panel) and at E, = 10.6 uJ (bottom panel). (¢) Plot of pump
energy versus the output intensity and bandwidth when the reflection maximum (circle) and
minimum (square) is matched with the pump laser.

parameters. Post-fabrication, a thin layer of gold (20 nm) is deposited on its top
surface to provide the better confinement for light residing inside the membrane.

The top panel in Fig. 1(a) shows the field emission scanning electron micro-
scope (FESEM) images of the NAA membrane. The nanopores are arranged in
a hexagonal fashion, and the average diameter and interpore spacing are about
40 nm and 100 nm respectively. The open ends of nanopores in the gold-coated
membrane is still visible which allows loading of laser dye and ensures its contin-
uous flow on the NAA surface. The Rhodamine dye is excited using an Nd:YAG
laser (A = 532.8 nm, rep rate = 10 Hz, and pulse width = 700 ps). The coupling
of the pump laser is varied by changing the thickness of the membrane. The top
panel in Fig. 1(b) shows the reflection spectrum of the membrane infiltrated with
dye dissolve methanol solution. The black curve corresponds to the reflection curve
when the peak of the Fabry-Perot profile matches with the pump laser while the
blue curve represents the case when the minimum of the reflection profile matches
with the pump laser. In the former case, the coupling of the pump light is lesser
since the reflection is maximum near 532.8 nm. Consequently, it leads to a lower
gain in the membrane, while we have a larger gain in the latter case. The middle
panel and the bottom panel show the consequent emission at E, = 5.5 puJ and
E, =10.6 pJ respectively. The emission is more prominent when the pump wave-
length matches with one of the reflection minima. Fig. 1(c) shows the variation of
output intensity and its bandwidth as a function of excitation energy. The circles
present the case discussed in the left panel of Fig. 1(b). A clear lasing threshold
is evident at E, = 8.3 uJ, above which the output intensity shows rapid growth,
and the bandwidth collapses. The square symbol depicts the case discussed in the
right panel of Fig. 1(b), herein lasing starts at E, = 6.0 pJ. Overall, the lasing
threshold decreases by 30 % in the latter case.

Acknowledgements We acknowledge DST, India through project No. DST/PHY /20130147.
AK Tiwari also thanks DST for the INSPIRE Faculty Award (DST/INSPIRE/04/2016,/002068).

References

1. K. J. Vahala, Optical microcavities, Nature (London) 424, 839-846 (2003).
2. J. J. Zayhowski, Microchip lasers, Optical materials 11, 255-267 (1999).

3. A. K. Tiwari, S. Mujumdar, Random lasing over gap states from a quasi-one-dimensional
amplifying periodic-on-average random superlattice, Phys. Rev. Lett. 111, 233903 (2013).
4. A. K. Tiwari, S. Shaik, S. A. Ramakrishna, Lasing in dye-infiltrated nanoporous anodic

alumina membranes, Appl. Phys. B 124-127 (2018).



OSI-1SO 2018 manuscript No.
(11)

Planar photonic crystal as a polarizer for the out-of-plane incidence of light
Pratyasha Sahani1 -R. Vijaya

Abstract A planar photonic crystal is modeled to demonstrate the polarizing properties of light incident from a plane outside the
plane of its periodicity. The analysis is done for a square lattice configuration in a symmetric as well as in an asymmetric
background. The structure can be used to polarize the radiating modes within certain incident frequency intervals. The resonant
coupling of the radiating modes with the incoming modes at different out-of-plane incident angles which ultimately comprises
the polarized output modes is studied. The structural engineering helps to operate it as a polarizer for wide incident frequency
intervals as well as for wide angle incidence of light near the wavelength of 1550nm, which is relevant for optical
communications. We also discuss if the polarizer operates in reflection or transmission or in both configurations.

Keywords (050.5298) Planar photonic crystal; (240.5440) Polarizer; (260.1180) Out-of-plane incidence

[1] Introduction

The planar photonic crystal (also known as the two-dimensional (2D) photonic crystal slab (PCS) of finite thickness) has a
periodic variation of refractive index in the plane of the slab and a homogeneous refractive index along the direction
orthogonal to the slab [1]. Several groups have discussed the in-plane control of the polarization of light in a 2D PCS of
finite thickness [2, 3], but there is no report for an out-of-plane incidence of light. This work is based on the latter
possibility which is explained by using the property of the light line and Fano resonances. Being able to polarize light
incident from outside the plane with specialized transmission / reflection characteristics will enable its usage as a micro-
optical component in miniaturized optical set-ups.

[2] Modeled structure and computational result

The simulation is performed with BandSOLVE module of RSoft'™ based on the plane-wave expansion method and the
band diagram is computed using the ‘supercell technique’ [4]. The structure has an optimal thickness d of (0.400 + 0.007)a
and an optimal 7/a of 0.300, where r is the radius of air holes and « is the lattice constant. For our work, we have chosen a
supercell dimension of 4*period, spatial resolution in steps of 16 and a spectral resolution of 107",
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Fig. 1 Projected band diagram of the lowest three bands of both TE-like (even) and TM-like (odd) modes of light in a 2D PCS with a square array of air
holes embedded in the PCS placed in (a) a symmetric, and (b) an asymmetric background. The figures also show the coupling between the leaky slab
modes of band 2 with the incoming modes at a few angles 6. The insets in (a) and (b) show the schematic of the operation when the light is incident from
outside the plane in a symmetric and an asymmetric PCS respectively.
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In Fig. 1(a), we use ray 1 and ray 3 respectively for the out-of-plane transmitted and reflected light and ray 2 for the in-
plane transmitted light. The same for a PCS sandwiched between air (superstrate), and SiO, (substrate) is shown in Fig.
1(b). The frequency intervals shown by the hatched regions are summarized in Table 1 and represent the reduced
frequencies which will get polarized and emerge in reflection or transmission directions for light incident from outside the
plane of the PCS. Guided modes can be polarized too and are not discussed here. A similar analysis can be applied to other
2D lattice configurations such as triangular lattice and honeycomb lattice.

Table 1 Detailed frequency intervals as shown by the hatched regions in Fig. 1 for which the symmetric as well as the asymmetric PCS can
behave as a polarizer for the radiating modes. Along the XM-direction of the square lattice, there are no radiating modes.

High symmetry Selected frequency Description of the polarizing mode
Nature of the PCS direction interval
Symmetric PCS I'X 0.182 < wa/2mc < 0.237 Radiating, even (TE-like), reflection and transmission
shown in Fig. 1(a) — - - —
M 0.182 < wa/2mc < 0.237 Radiating, even (TE-like), reflection and transmission
0.182 < wa/2mc < 0.238 Radiating from air-Si and Si-SiO, interfaces, even (TE-like),
Asymmetric PCS I'X reflection and transmission
shown in Fig. 1(b) 0.137 < wa/2nc <0.182 Radiating from Si-SiO, interface, odd (TM-like), transmission
0.182 < wa/2mc <0.238 Radiating from air-Si and Si-SiO; interfaces, even (TE-like),
Mr reflection and transmission
0.140 < wa/2mc < 0.182 Radiating from Si-SiO; interface, odd (TM-like), transmission

For an out-of-plane incidence, subject to a proper k; matching between the leaky slab modes and the incoming modes
represented by different 0, there can be resonant coupling between them indicated by the black stars in Fig. 1 and the leaky
slab modes will excite. These correspond to Fano resonances [5, 6] which will only increase the light intensity and will
not affect the above polarization results.

~0.45 et bt el The variation of the coupling frequencies and
wavelengths with different angles of incidence is
shown in Fig. 2. Fig. 2 shows the variation of
selected reduced frequencies and incident
wavelengths which are resonantly coupled to
incident modes at different angles of incidence
when k; is along I'’X-direction of the square
lattice and are additionally included in polarized
modes. For a = 350nm the relevant wavelength
range will be near 1500nm. The flatness of the
curve indicates wide angle operation for the odd
S S S SR S polarized modes. This is also true when kj is
0 10 20 30 40 50 60 70 80 p . .
Angle of incidence (8 in deg) along MI'-direction because for the square lattice

Fig. 2 Coupled reduced frequencies (left y-axis) and the coupled incident wavelengths |[I'X| = |[MI'|. The whole discussion is applicable
for a = 350nm (right y-axis) of both even and odd modes at various angles of incidence  tg an asymmetric PCS as well.

when the out-of-plane incident light has an in-plane component along I'X-direction of

the square lattice in a symmetric PCS.
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[3] Conclusion

In conclusion, we have presented a 2D PCS which can polarize the radiating modes of light and we have identified the
relevant frequency ranges for polarized light only in transmission and in both reflection and transmission. The structural
engineering ensures that the PCS can be used as a polarizer for odd modes for a wide angle of incidence at 1550nm if the
lattice constant is 350 nm.
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Abstract

We have experimentally demonstrated a novel method of using inhomogeneously polarized light beam generated using
a birefringent wedge pair to measure optical rotation due to quartz rotator. The underlying mechanism of non-
separability between the state-of-polarization and spatial-mode degrees of freedom of the optical beam results in
spatially periodic variation in polarization ellipse orientation. This translates into fringe shift when a polarizer placed in
the output beam path is rotated. The quartz rotator sample kept before the fixed analyser influences this fringe shift
which provides an accurate information regarding the optical rotation angle and hence its chirality.

Key Words: Birefringent wedge pair, Optical rotation, Polarization ellipse, Fringe shift

Introduction

One of the ways to characterize chiral molecules, an important constituent of life on earth, is to measure the optical
rotation (OR) angle [1], the rotation of plane of polarization of light passing through it. The polarimetry method,
consisting of polarizer-analyzer combination sandwiching the chiral medium, is typically used to measure the OR due to
chiral medium [1]. However, the measurement sensitivity limitation of the polarimetry method and the requirement for
large volume of chiral material has motivated researchers in recent times to search for alternate measurement
techniques.

Probing optical chirality to measure OR angle using inhomogeneously polarized light beam [2] has recently been
demonstrated to be advantageous over probing with homogeneously polarized light beam [3,4]. Here we generate
inhomogeneously polarized light beam having a spatial periodicity in the polarization ellipse orientation [5] using a
combination of birefringent wedge pair (BWP) [6] and a A/4-plate at suitable orientation. The BWP is made of two
wedge-shaped birefringent plates with their fast-axis oriented at 90° to one another. To detect the spatial periodicity in
the state-of-polarization (SoP) in the beam cross-section, we place a linear polarizer after the beam exits the BWP. The
intensity variation is banded, mimicking interference fringe, but is polarization encoded. When a chiral sample is
introduced in the beam path in-between the BWP and oriented analyzer, the shift in the fringes is measured to calculate
the optical rotation. A Fourier fringe analysis method is used on the measured fringe pattern to extract accurately the OR
angle. Large number of fringes in the field-of-view offers additional advantage to average over them to improve the
measurement accuracy.

Experimental details and Results

He-Ne laser

Fig.1. Schematic of the experimental setup. P1, P2: Glan-Thompson polarizer; BWP: Birefringent wedge pair; A/4:
Quarter wave plate; QR: Quartz rotator; CCD: Camera.

Schematic of the experimental setup is shown in Fig. 1. The Gaussian beam from He-Ne laser (A=632.8 nm) passes
through a Glan-Thompson polarizer P1 to produce vertically polarized light. The uniformly polarized beam passes
through the BWP resulting in the output beam that is inhomogeneously polarized with spatial periodicity in ellipticity
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[5]. The spatially varying ellipticity in the beam cross-section is converted to spatially varying ellipse orientation [5] by
passing the beam through oriented quarter wave plate(QWP). Stokes polarimetry measurements on the output beam are
carried out to verify the variations in the SoP in the beam cross-section, to make it suitable for OR measurement. An
analyzer placed after the QWP converts the variation in the SoP to intensity interference fringes shown in Fig. 2 (a).
Further, when the analyser is rotated the fringes move in linear direction, indicating a field gradient in the beam cross-
section, an essential requirement for its use to measure OR angle. Now, keeping the analyser orientation fixed, we
introduce quartz rotator in the beam path and the interference fringes are recorded using the CCD camera. Interference
fringes recorded for three different quartz rotators with different OR angles are shown in Fig. 2 (b) — (d). From the
recorded intensity images, we extract phase change at a fixed position (indicated by red colour box) using Fourier fringe
analysis. The phase difference at a fixed position in the fringe cross-section without and with the QRs gives the required
information of the OR angle. The values obtained are tabulated below and are found to agree well with the given values.

Tablel
0.5 Quartz OR-angle OR-angle
rotator (Specified) (Measured)
0
1 9.789° +0.02° 9.701°+0.001°
T 2 -11.845°+0.02° | -11.929°+0.001°
0 3 -2.056° +0.02° -2.107° £ 0.001°
-

Fig.2. Recorded intensity images (a) without QR and (b)-(d) with 3 different QRs; (e)-(h) phase information extracted
from the intensity images.

Summary

We have demonstrated a novel way to accurately measure the OR angle of chiral sample like quartz rotator using
inhomogeneously polarized beam generated using a BWP as a viable alternate to the polarimetry method. The
advantages of the technique include no moving parts, high sensitivity, which can be tuned based on the requirements
and large number of fringes, suitable for averaging to improve measurement accuracy.
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Abstract: We report here the experimental demonstration of a fiber based Michelson interferometer as a promising technique for fiber Bragg
grating (FBG) sensor Bragg wavelength shift measurement. Fiber interferometers for FBG sensor interrogation are extremely appropriate for
dynamic strain measurement applications in the areas of vibration analysis and acoustics due to their advantages in terms of wide bandwidth,
high resolution and tunable sensitivity. Fiber interferometers perform phase sensitive measurement of Bragg wavelength shift which is
recorded as intensity variations at the output end. A Michelson interferometer with optical path difference of ~ 4.7 mm is thus designed and
fabricated using simple fiber optic components consisting of a 2x2 fiber 3dB coupler and two Faraday rotator mirrors. The polarization states
of the two reflected light beams are controlled by the two FRMs leading to better interference visibility. Experimental results on the
measurement of acoustic signal generated Bragg wavelength modulation is presented as a proof of concept.

Keywords: Fiber optic sensors, Fiber Bragg gratings, Interferometry, Wavelength conversion devices, Interrogation techniques.

1. Introduction

Since its first appearance almost a 30 years ago, optical fiber Bragg grating based (FBG) sensors have become an
indispensable tool for high sensitivity measurement of both static and dynamic strain with detection limits ranging
from 10° to 10 £ Hz~1/2, where ¢ is the fractional length change [1]. Such low level strain measurement is of
utmost importance in many research fields encompassing underwater acoustic array detectors, structural health
monitoring etc. The widespread popularity of FBG sensors are due to its well-known attributes of electromagnetic
immunity, long distance sensing, wavelength selectivity, environmental endurance, reduced size, and
multiplexing capability. In its simplest form, an FBG consists of periodic perturbation of optical fiber core
refractive index (R1) which acts as a filter reflecting a narrow wavelength range centered about a peak wavelength,
known as Bragg wavelength (Az), given by, A = 2n.¢¢ A. Here, nz¢ is the effective refractive index and A is
the grating period. The principle of sensing using FBG is based on the fact that any external perturbation that has
the ability to affect either the refractive index (n.s,) and/or grating period (A) can be measured using FBG as a
sensor. The effect of external perturbation is manifested as a change A1y of the Bragg wavelength.

The measurement of Bragg wavelength shift has been the subject of substantial research and several methods have
been developed e. g. Fabry-Perot tunable filter, unbalanced fiber interferometer, edge filter, CCD spectrometer,
matched FBGs etc. It has been established previously that interferometric interrogation principle realized with an
unbalanced fiber interferometer offers the highest sensitivity measurement among the known techniques [1-5].
This fiber interferometer based wavelength interrogation method has additional advantages of wide-bandwidth,
high-resolution, tunable-sensitivity etc. and is more suitable for dynamic measurement of strain as required in the
fields of vibration and acoustics. Mach-Zehnder interferometer (MZ1) is the most commonly used configuration
for this purpose [1-5]. Another well-known two-beam interferometric configuration that is frequently used in bulk
optics domain is the Michelson interferometer (MI). In this article, we present experimental results of a designed
and fabricated fiber based MI utilized as a FBG sensor interrogation technique. For dynamic strain induced
modulation in the FBG sensor Bragg wavelength denoted by A4y sin wt, the phase-shift modulation of the fiber
interferometer can be represented as:

27 OPD _ 27 OPD _
Ad(t) = —?AAB sinwt = T Y Ae sin wt D

Where Ae is the dynamic strain modulation, y is the strain-to-wavelength shift responsivity, OPD = n.¢d is the
optical path difference between the two arms and d is the physical length imbalance.
The output intensity of the MI can be expressed as:

I(1g) = A[1 + k cos Ap(t)] 2)
where, A is proportional to the input intensity and system loses and k is the interference fringe visibility.
2. Experimental Results and Discussion:

The experimental set up realized for performing MI based FBG sensor interrogation is shown in Fig. 1 (a). The
Ml is designed using simple fiber optic components cosisting of a 2x2 fiber 3dB coupler and two Faraday rotator
mirrors (FRM). The use of FRMs as mirrors also controls the polarization states of the two reflected light beams
leading to better interference visibility. It is important to realize that in order to maintain temporal coherence
between the interfering light beams travelling through the two arms of M, the interferometer path difference must
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be less than the effective cohrence length of the light signal reflected from the FBG sensor. Fig. 1(b) shows the
power spectrum of the fabricated MI as recorded in an optical spectrum analyzer (OSA). Noting the wavelength
seperation between two consecutive peaks (~ 0.49 nm), the resultant OPD of the Ml is calculated to be ~ 4.7 mm.
This is smaller than the effective coherence length of the Bragg reflected light signal (FWHM~0.19 nm) as well
as matches very well with the theoretical optimum OPD for maximum sensitivity suggested by Weiss et al. [5].
The FBG sensor reflected light spectrum is shown is Fig. 1(c). Furthermore, in order to demonstrate the Bragg
wavelength modulation measurement with the MI based phase-sensitive detection scheme, the FBG sensor is
glued onto a cantileve plate. Light from a broad band source with wavelength range: 1525 to 1565 nm is directed
to the FBG sensor through an optical circulator and the reflected light signal is then goes to the MI. Sound signal
from a generic speaker exicte vibrations in the cantilever plate inducing dynamic strain modulations which in turn
results into Bragg wavelegth modulation. The output intensity of the fiber interferometer is then detected with the
help of an InGaAs PIN photodiode and an in-house facricated transimpedance amplifier. A data acqusition (DAQ)
device is used to record the analog intererence signal for further digital processing and analaysis.

FBG Sensor ®) ., (c) so0.00
ASE n | 450.00
Source 300 |1 400.00
= 350.00
<250 =
(EI) Coupler A % 200 = 300.00
OFD FRM = @ 250.00 019
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Photo Detector 0.50
and Amplifier 50.00
000 0.00
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Fig. 1 (a) Schematic diagram of experimental set-up for Michelson interferometer bases FBG sensor interrogation principle. FRM: Faraday
rotator mirror; OPD: Optical path difference; ASE: Broadband light source; DAQ: Data acquisition card; (b) Power spectrum of the designed
and fabricated Michelson interferometer. The OPD is estimated to be ~ 4.7 mm. (c) Reflection spectrum of FBG sensor; Bragg wavelength ~
1550 nm and FWHM is ~ 0.19 nm.

The FBG sensor attached cantilever plate is excited with sound signals of various frequencies ranging from 200
to 1000 Hz. Enhanced response is observed at around the resonant mode frequencies of the cantilever plate
arrangement. Fig. 2(a) shows the temporal response recorded by the photodetector for the MI based FBG sensor
interrogation system while applying a continuous sinusoidal sound signal of 800 Hz. The red sinusoidal curve
shows the fitted data on the experimental time signal. The power spectral density (PSD) of the time signal is
shown in Fig. 2(b) wherein the sharp peak is observed at 800 Hz. The peak-to-baseline height is ~ 43 dB. In
conclusion, we have experimentally demonstrated the working principle of a fiber based Michelson interferometer
for FBG sensor Bragg wavelength shift detection for dynamic strain modulation measurement. The experimental
results demonstrate the feasibility of MI based FBG sensor interrogation technique which can also be extended
for an FBG sensor array configuration.
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Fig. 2 Fiber MI based FBG sensor interrogation results. (a) Temporal response at the interferometer output for sinusoidal sound
signal of 800 Hz. The red sinusoidal curve is the fitted data. (b) Power spectral density (PSD) of the time signal. Peak-to-baseline
height at 800 Hz is ~ 43 dB.
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Abstract

Controlling and understanding the behavior of fractional charge optical vortices (FC-OV) during free-space
propagation is of fundamental importance. The FC-OVs are structurally unstable during propagation and in the far-
field most of the anticipated intricate dynamics are lost, mostly due to diffraction-related smoothing of optical fields
and measurement limitations. We carry out measurements using a near-field scanning optical microscope (NSOM)
to gain information on the propagation dynamics of FC-OV. The evolution of fractional vortices is theoretically
investigated using angular spectrum method and theoretical results are found to match well with the experimental
measurements.

Keywords: Singular optics, Optical Vortices, Spiral phase plate, Near-field scanning optical Microscope.

Introduction

The study of the wavefront dislocation or optical vortices in light fields initiated by the work of Nye and Berry [1]
and its angular momentum aspects due to Allen et al., [2] has enriched tremendously the research areas of singular
optics and optical angular momentum. The optical vortices have helical phase structure around the singularity and
have zero intensity at the vortex [3]. These beams are generated by illuminating a spiral phase plate (SPP) with a
Gaussian beam and are typically described by exp(ilep) term where, ¢ is the azimuthal angle and | its topological
charge [4]. In the recent years, work on the fractional charged vortices has gained attention, which is of fundamental
interest. Fractional charged vortices exhibit a line discontinuity due to non-integer topological charge. Berry [5]
theoretically explained and analyzed the evolution and strength of the fractional charged vortices containing
alternate chain of charges having complex phase structure along the discontinuity line. It was subsequently verified
experimentally in the far-field by generating the half-integer fractional charge using spatial light modulator (SLM)
[6]. Here we measure the evolution of fractional charge vortices in the near-field since these are unstable structures
and some intricate dynamics may be lost in the far-field due to measurement related limitations. The intensity
distribution is measured by scanning at different Z-planes along the free-space propagation and are recorded within
a few micro-meter range using near-field scanning optical microscope (NSOM) [7]. The NSOM measurements
enabled us to resolve the alternate chains of the fractional charged vortices with high spatial resolution and are
reported here. The spatial evolutions dynamics are modeled using the formalism based on angular spectrum method.

Experiment and Results

To study the near-field evolution of the fractional charge vortex beam, we used a SPP (diameter of 10um) etched on
the core of the optical fiber (SMF-28 with mode-filed diameter of 10.4+0.8um at 1550nm,) using the ion beam
lithography [8]. The device is fabricated to operate at 632.8 nm wavelength to generate a single charge optical
vortex beam. However, we used it with Ar" laser to realize fractional order vortices. To obtain the high spatial
resolution intensity images with in the near-field, we used MultiView 4000 NSOM (M/s Nanonics imaging limited).
The device is fixed using a fiber holder at the sample stage of the NSOM and the laser beam is coupled into the fiber
to generate a desired fractional charge optical vortex out of the SPP device. The schematic diagram of the
experimental setup is shown in Fig.1.

The output beam is scanned at different Z-planes along propagation direction using NSOM probe (tip
diameter of 100 nm with a resonance frequency of 36.41 kHz). This probe is mounted on a mechanical strip which
can be positioned on the sample using XY piezo drivers and the stepper motor is used to move along Z-axis. The
transverse field distribution of the output optical beam (20um x 20um) is recorded at different Z-planes with a step
size of 1um up to 7um in z-axis. The tip is attached to optical fiber which transmits the output optical field to the
photomultiplier tube (PMT) detector.
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Fig.1. Schematic of the experimental setup.

The Ar' laser operated at wavelengths of 532nm, 514nm, and 488nm are coupled in to the fiber with SPP
device and the output beam from the device is measured at different Z-planes. With the design wavelength different

from the operational wavelength we could realize different fractional charges (I) of 1.189, 1.23, and 1.297 using
this arrangement.

1.189 1.23 1.297 1 1.189 1.23 1.297 l

Fig.2. (a) Experimentally recorded, (b) simulated intensity images fractional charge vortices as a function of
propagating distance.

The experimentally measured NSOM images are shown in Fig.2. (a). The near-field measurements enabled
us to capture fractional charged vortices with high spatial resolution. As the beam propagates, the alternative chains
of fractional charges merged with each other, losing the crucial information, as anticipated from far-field
measurement. Also, as we increase the fractional value of the beam, the radial line gets darker and the alternate
chain of charges moves towards the center of the core. We also simulated the propagation of fractional charged
vortices theoretically using angular spectrum method [9] and the results are shown in Fig. 2 (b). The experimental
results are found to match with the theoretical results.
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Role of coherence and control of entanglement
longevity in a two qubit system
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Abstract We investigate the entanglement dynamics of a two identical dipole
interacting two qubit system couple to a vacuum field. The entanglement of
mixed states suffer finite time death when it undergoes decoherence. In or-
der to understand the role of coherence of the initial state on entanglement
dynamics, we constructed two classes of X states; one class with only one
photon coherence and the other with only two photon coherence. We inves-
tigate the entanglement longevity of both class of X states by defining the
time over which the state remains disentangled after Entanglement Sudden
Death (ESD) (tr — 7p) for different interatomic distances. We show that the
state with high two photon coherence and high atomic dipole interaction have
high entanglement longevity and are better resource for quantum information
applications.

Keywords Quantum entanglement - Decoherence - ESD - Coherence

PACS 03.65.Yz

The applications of quantum information processing strongly relies on the en-
tanglement between quantum systems [1]. Real system suffers decoherence due
to the inevitable interaction with the surrounding environment. It leads to the
degradation of entanglement and in some cases undergoes a finite time death
of entanglement called Entanglement Sudden Death (ESD) [2]. In this paper
we consider an open system with two identical two level atoms couple through
dipole forces and interact with a vacuum bath under Markov approximation.
The time evolution of the system is governed by the Lehmberg-Agarwal master
equation [3,4]. In order to understand the role of coherence on entanglement
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Fig. 1 The time over which the state remains disentangled (7g — 7p) during evolution is
plotted for different coherence parameter (z) in the case of (a) single photon and (b) two
photon coherence states with different interatomic distance (r12 = A/3,A/6,A/9 and \/12)

dynamics, we construct two classes of X states, one class with only one pho-
ton coherence and the other with only two photon coherence [5]. The class
of X states with one photon (X;) and two photon (X5) coherence states are
respectively given by

000 3002
0520 0500
— 6 = 6 ; 0< 2 < 1.
X1 0%20 y X2 00%0 ,0_1‘_173 (1)
000 % 200 %

The states are entangled for 1 < z < 1.73. We investigate the entanglement
longevity by studying 7z — 7p, the time over which the state remains disentan-
gled; where 7p and 7 are ESD and revival time respectively. It can be seen
from fig. 1 that 7z — 7p decreases with decrease in 115 for any value or type of
coherence. Tp — Tp increases with increase in coherence for states with one pho-
ton coherence. For states with two photon coherence, Tr — 7p decreases with
increase in coherence. These features are valid for all interatomic distances.
Thus, we conclude that the states with high two photon coherence and high
dipole interaction are better entanglement resources for their use in quantum
information processing under noisy environments inducing decoherence.
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Abstract

Propagation gparaxialbeamof light throughaninhomogeneous meudtinlike aGRIN rod couplests spin angular
momentum( V' fSAM) and orbital angular momentuh  fOAM) degree®f freedom of light. This leads

to a large variety ofmanifestation of effects due spin-orbit interaction (SOI) including spito-orbital angular
momentum conversion, intrinsic and extrinsic sl and orbitalHall effect that are of emergirinterestoth

from fundamental understanding and applications point of.\Begaking thepropagatiorsymmetryof the system
for OAM beamresults ina spininduced orbital Hall effect of lighbwing to the refractive index gradienive

report here different spininduced orbitaHall effect due topropagation ofcircularly polarizedOAM beam
through GRINrod andmeasuredising orthogonadpinprojection.

Key Words: Spin-orbit interaction of lightijnhomogeneous mediapin-Hall effect of light.

I ntroduction

Spintorbit interactions of light manifests itself ggsometric phase accumulation farcularly polarized CP)
Gaussian beam propagation through twisted trajecesylting ina transverse spin dependent splitting of the
output optical field, known as SHHLL]. Therefractive indexnhomogeneityin a GRIN rodcouplesthe spatial

and polarization degrees of freeddmtroduction of OAM beams through this media couples spin,intrinsic

and extrinsic orbital angular momenta leading to the observatidiffefent typeof SOl which dependonthe
path, OAM chargeandspin of the optical beanWe present here our theoretical calculation and experimental
results.

Theory
Maintaining the excitation and propagation symmetry of light beam through the GRIM raght circularly
polarized (RCP,VV  1)Gaussian beangeneratesan optical vortex beam of topologicahargel = +2 in

orthogonal left circular polarizatio(LCP, V' 1)basis and vice versa, due to Rytéladimirskii-Berry (RVB)

type geometric phase accumulation. Breaking the symmetry, faxisflaunching, the polarized Gaussian beam
experiences refractive index gradient resulting in a transverse, spin depdnfiefttee optical beam position
known as spirHall effect of light (SHEL)2]. Equivalently, the offixis propagation of optical vortex beavith
helical phase fronexperiences refractive index gradient resulting in Od&pendent beam shift dependent on
the £l charge of the vortex beam, known as the oriiall effect of lightowing to orbit torbit interaction(OOI)

of light [3].The shift in the centre of gravity calculated for displacement of input beam position y as [4]

3Bsin' T
2A 4 3cos. co¥.

Where f is the focal lengtlof theGRIN rod, 7is theaccepance anglef light into the GRINrodand |, is the

charge of the incident OAM bears the topological charge of OAM beams is increased fomttol 3
theresultingOrbital Hall effects increases lineanlyith launch offsetascan be seefrom eq. (1).

In addition, the oraxis propagation of RCP vortex beam through the GRIN rod coupthsthe SAM,
intrinsic (I) and extrinsic (E) OAM of the beam, resulting in SA®IM enabled spinto-orbital angular
momentum conversion of light in LCP basis, distinct from SOI such that the charge of output optical vortex
increases ifl I/ and decrease if |/ . The offaxis propagation of CP OAM beams couples the SAM,

IOAM and EOAM, resulting in spiinduced orbital Hall effedfSOHE)of light. The shift in the centre of gravity
of the outpubeamin orthogonal CP basis calculated for displacement of input Ip@@ositionr, Yy using[4]

M) o(x) ity &
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