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Abstract—A brief account of photonics research activities in the
selected countries in the Middle East and Africa is presented in this
article. Though not comprehensive, we hope to provide a glimpse
of the research landscape in the region, and the collaboration and
connection with each other and the international partners.
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I. INTRODUCTION

THE field of photonics has found its footprint globally,
and new discoveries are often driven by multinational or

interconnected teams across different regions, be it established
or emerging. Seminal research from a single entity or geograph-
ical region can usher in worldwide impact when nurtured and
conducted collaboratively or concertedly. As new researchers
and discoveries are emerging in the Middle East and North
Africa (MENA) and the surrounding region, it is timely that
the progress in the region was discussed at the Symposium
on Globalization in Photonics Research & Development held
during the IEEE Photonics Society conference on November
15, 2022 [1]. A recent Feature Issue on Optics in Africa also
captured the fundamental and applied research topics in the
region to showcase the historical development of key research
fields, covering the advances in lasers to present-day progress
in photonic materials [2], [3]. Further, the aspects of quan-
tum and optical communication technologies are guest-edited
by researchers from countries in the Global South, including
Cameroon and Morocco in Journal of Optics by IOP [4].
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Fig. 1. (a) Percentage (number of documents, doc., for the year 2023) of
publications of the six major countries in the MENA region in photonics research
using only the “photonics” keyword search. Source: Web of science, November
2023. (b) Number of publications (i.e., articles, conferences, and patents) in
photonics-related research over the last ten years plus. Source: Google Scholar.
Keywords: Photonics, optics, optoelectronics, semiconductor, quantum optics.

Herein, we shed light on the flourishing photonics research
of selected countries in the Africa–Arab-peninsular region and
highlighted the collaborative effort and synergy among various
research groups across different countries in the region and
internationally. To the best of our knowledge, the 6 major coun-
tries contributing to photonics publications in the MENA region
and the representative highly cited papers in 2023 are Saudi
Arabia, Israel [5], [6], Egypt, Turkey [7], [8], [9], Iran [10], [11],
[12], and United Arab Emirates (see Fig. 1(a)), while the total
number of publications in photonics, optics, optoelectronics,
semiconductor and quantum optics increases to over 10,000 in
recent years (see Fig. 1(b)). The field of research covers optical
communication, display and lighting, imaging and beam shap-
ing, optical fiber sensing, optics, quantum technology, semicon-
ductor devices and compound semiconductor epitaxy, et cetera,
which are relevant to global photonics research. Furthermore, the
emphasis on research translation and commercialization, arising
from the maturity of university incubation or significant funding
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Fig. 2. Photonics market revenue share of the Middle East and Africa (MEA)
region in 2022 (%). The global photonics market size accounted for USD 0.77
trillion in 2022. Source: Precedence Research [14].

from government agencies or companies, is gaining momentum
in the region. Therefore, efforts in orchestrating photonics re-
search networks or even forming a consortium to solve issues of
national or regional priorities will usher in a vibrant photonics
ecosystem with a trajectory toward sustainable development.
This is expected to eventually translate into photonics-driven
economic growth for a country, a region, or even worldwide [13].
In this respect, it is noted the photonics market-revenue share
for the Middle East and Africa (MEA) is 3.7% of USD 0.77
trillion, in comparison to other regions of North America, Asia
Pacific, Europe and Latin America (see Fig. 2). The article will
also provide a glimpse into the research topics conducted in the
individual section, which are of global interest.

II. EGYPT

The photonics research scene in Egypt has been actively
led by several prominent researchers. A leading scientist in
the field is Professor Salah Obayya who is a Professor of
Photonics and Director of the Center for Photonics and Smart
Materials (CPSM) at Zewail City of Science and Technology [15]
[https://www.zewailcity.edu.eg/]. The institution was named af-
ter Professor Ahmed Hassan Zewail, a chemist who was awarded
the Nobel Prize in Chemistry in 1999. Embracing the challenge
of 21st century, in which complex nanophotonics structures and
devices are required, his significant findings in modern compu-
tational modeling, which numerically deal with very large linear,
nonlinear or coupled partial differential equations, are relevant
to designing a plethora of photonics components. These include
photonic devices for optical communications, plasmonics, meta-
materials, energy harvesting, optical biosensors, etc. [16], [17],
[18].

Professor Hossam M. H. Shalaby is a distinguished Egyptian
scientist and professor in the field of photonics. In Alexandria
University [https://alexu.edu.eg/], he contributed significantly
to the field of fiber optics, communication (including optical
code-division multiple access) and photonics (including optical
sensors) [19], [20], [21], [22]. His team recently investigated into
silicon-on-insulator (SOI) for developing integrated photonics
devices aiming to achieve mode-division multiplexing (MDM)
and polarization division multiplexing (PDM) [23].

Professor Moustafa Hussein Aly is another renowned Egyp-
tian scientist and professor in the field of photonics. He is
currently the President Consultant for Alamein Branch and for
Training Affairs at the Arab Academy for Science, Technology

and Maritime Transport (AASTMT), where he is also a Professor
of Optical Communications in the Department of Electronics
and Communications Engineering. His research focus encom-
passes optical fibers [24], [25], optical fiber communications
[26], free-space optical communications [27] and optical sensors
[28]. The regional institutes of AASTMT research into various
relevant fields, across the Arab countries, and collaborate with
international partners. [https://aast.edu/en/index.php].

Cutting-edge technology related to photonics was devel-
oped by Si-Ware, which is a fabless semiconductor company
[https://www.si-ware.com/], developing an innovative MEMS
Fourier-transform infrared spectrometer [29] for material anal-
ysis applications in agriculture, food and medicine. Continuous
monitoring of air purification [30], predicting forage nutritive
value [31], malaria parasite detection and quantification [32] as
well as chemical fertilizers content prediction [33] are enabled
with the photonics innovation. Si-Ware won the prestigious
Prism Award in 2014 from the International Society for Optics
and Photonics (SPIE) [34].

III. TUNISIA

Tunisia has been steadily working to advance its presence in
the field of photonics. In the following, we will highlight the
principal research groups and their main contributions in this
domain.

Professor Mourad Zghal and his team at the University
of Carthage’s Telecommunications College (Sup’Com) have
made significant contributions to the study of nonlinear effects
in optical fibers, with a particular focus on their applicabil-
ity in telecommunications, sensing, and spectroscopy applica-
tions [https://www.carthage.edu/]. Their research has revolved
around the supercontinuum generation (SCG) and stimulated
Brillouin scattering (SBS) phenomena within specialty fibers,
including photonic crystal fibers (PCFs) [35], [36] and chalco-
genide fibers [37]. By harnessing advanced numerical tools
to model and simulate these complex optical processes, much
valuable insights were gained on the behavior of specialty fibers
and the mechanisms behind the SCG and the SBS. Furthermore,
through collaboration with South African scientists, the team
has involved in space division multiplexing (SDM), especially
within the regime of free space optics (FSO), using structured
light [38]. In addition, the team performed the Mux and De-Mux
of over 100 spatial modes using holographic approach [39].

Another group, led by Professor Habib Fathallah, within the
Faculty of Science of Bizerte (FSB) of University of Carthage
[http://www.fsb.rnu.tn/], in collaboration with Electronics and
Microelectronics Laboratory [University of Monastir, http://
emlab-fsm.tn], has contributed to the field of SDM with an
emphasis on the design and numerical investigation of novel
specialty fibers (e.g., fibers with new refractive index profiles)
to effectively transmit orbital angular momentum (OAM) modes
[40], [41]. This includes the design and the assessment of novel
few-mode fibers (FMFs), multicore fibers (MCFs) [42], and
PCFs, handling robust OAM modes to meet the demands of
next-generation optical communication systems. Moreover, the
group, in collaboration with King Saud University (KSU) has
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involved in the design of novel fibers for SBS, particularly for
temperature and strain sensing applications [43]. There are also
other contributions in the field of millimeter waves (MMW) and
semiconductor optical amplifiers (SOA) [44].

Furthermore, there are other areas that expand upon Tunisia’s
engagement in photonics research. Among these is the contri-
bution made by Professor Rabah Attia and his research group
at the SERCOM Laboratory, Tunisia Polytechnic School [https:
//ept.tn/sercom]. Their focus included work in photonic crystal
components [45], the development of electro-optic modulators
tailored for advanced optical communication systems, and in
optical code division multiple access (OCDMA) [46].

One of the pioneers in the field of optics and photonics in
Tunisia is Professor Zohra Ben Lakhdar [47], the founder of the
Atomic Molecular Spectroscopy and Applications (LSAMA)
at the University of Tunis El Manar [http://www.utm.rnu.tn].
The team has conducted experiments and developed sophis-
ticated models, primarily focusing on the realm of infrared
spectroscopy, including application-oriented research related to
pollution detection and medicine [48]. Moreover, within the
National School of Engineers of Tunis [http://www.enit.rnu.tn],
Professor Houria Rezig has been conducting valuable research
in optical code division multiple access (CDMA) [49], [50].

The creation of the African Laser Centre (ALC) [https://
africanlasercenter.org], often referred to as a “virtual center of
excellence” is dedicated to the promotion of optics research
across the whole African continent. The platform contributed
to facilitating student exchanges within Africa, while strength-
ening the research and educational landscape in photonics.

IV. SOUTH AFRICA

Photonics in South Africa is a relatively small field, but there
are nevertheless several internationally recognized groups. Here
we will mention the work being done by researchers at the major
institutions, to the best of our knowledge.

University of the Witwatersrand (Wits University), Johannes-
burg: Within the School of Physics at Wits University, the Struc-
tured Light Laboratory, led by the esteemed Andrew Forbes,
is world renowned for the study of structured light. [https:
//structured-light.org/] Recognised internationally, Forbes spe-
cialises in shaping laser light into high-order modes and delves
deeply into quantum and non-linear photonics [51], [52], [53],
[54], [55]. Additionally, members of his laboratory, such as
Angela Dudley and Isaac Nape contributed significantly with
their work in structured light [56] and quantum photonics [57],
[52], respectively. Wits University also houses the Wits OC Lab,
situated in the School of Electrical and Information Engineering.
Mitchell Cox founded this laboratory in collaboration with Ling
Cheng [https://www.wits.ac.za/oclab]. Cox’s primary focus is
structured light in turbulence and the use of machine learning to
model the effects of turbulence on laser beams [58], [59], with
research looking into low-cost free-space optical communica-
tions [60]. Ling Cheng’s expertise lies in digital communications
and hybrid systems that combine visible light with power line
communication [61], [62]. The Wits University Optica/SPIE

student chapter actively promotes optics, photonics, and STEM
education across South Africa.

National Metrology Institute of South Africa (NMISA): Fil-
ippus S. Roux (Stef Roux), a member of NMISA, explores the
theoretical intricacies of light behaviour, especially under the
influence of atmospheric turbulence [63]. His work frequently
intersects with experimental collaborations, one such being the
study on characterising quantum channels with non-separable
states of classical light [38], [64], [65], [66] [https://www.nmisa.
org/].

University of KwaZulu-Natal: The Quantum Information
Group, led by Thomas Konrad, operates under the School of
Chemistry and Physics. Their research spans across quantum
communication, teleportation, and quantum information pro-
cessing [67], [68], [69]. Yaseera Ismail further the experimental
facet of this domain, focusing on quantum key distribution and
machine learning integration [70], [71]. [https://scp.ukzn.ac.za/
thomas-konrad/].

Stellenbosch University: Francesco Pertuccione from Stellen-
bosch University, who is also affiliated with the National Insti-
tute for Theoretical and Computational Sciences (NITheCS),
delves into open quantum systems and quantum information
processing [72]. The Stellenbosch Laser Research Institute at
the same university hosts researchers interested in microscopy,
ultrafast spectroscopy, optical trapping, ion trapping and quan-
tum nanophotonics [73], [74] [http://www.sun.ac.za/english/
faculty/science/physics/lri] Prominent researchers here include
Erich Rohwer, Pieter Neethling, Gurthwin Bosman, Christine
Steenkamp, and Mark Tame. The university also boasts a robust
Optica/SPIE student chapter, renowned for its outreach efforts,
reaching over 1,200 primary and high school students in 2023.

University of Johannesburg: Under the leadership of Heidi
Abrahamse, experimental works related to multicomponent drug
delivery systems for photodynamic therapy and photobiomod-
ulation for stem cell therapy are underway [75], [76]. There is
also a research group at the university focussed on fibre optic
sensors under the leadership of Michael Grobler [77].

Nelson Mandela University: The Centre for Broadband Com-
munication, presently under the guidance of David Waswa (pre-
viously Tim Gibbon), delves into optical sensing and applica-
tions pertinent to South Africa, such as the Square Kilometer
Array project [78]. [https://broadband.mandela.ac.za/]

National Laser Centre at the CSIR: The Council for Scientific
and Industrial Research hosts the National Laser Centre (NLC),
which conducts research and development in various laser and
photonics-based fields. Darryl Naidoo is a research group leader
at the NLC, focusing on kilowatt laser beam shaping and control,
as well as laser systems development [64]. Nokwazi Mphuthi is
a senior researcher with a keen interest in structured light [79].

Others: The Biophysics Research Group at the University
of Pretoria, steered by Professor Tjaart Kruger, predominantly
focuses on the nuances of photosynthetic light harvesting and
regulation [80], [81], [82], [83], [84]. Kessie Govender’s Quan-
tum Physics Research Group at the Cape Peninsula University of
Technology (CPUT) investigates atomic physics and cold atoms,
with in-house capabilities to design and build their own quantum
devices such as single-photon detectors [85].
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V. SAUDI ARABIA

The photonics research in Saudi Arabia has been actively
funded, for example, from King Abdulaziz City for Science and
Technology (KACST) and King Abdullah City for Atomic and
Renewable Energy (K.A.CARE). In an effort to align all research
efforts to the Kingdom’s Vision 2030, RDIA (Research, Devel-
opment and Innovation Authority) has been recently established
to foster a thriving and sustainable national RDI ecosystem
to create high-value jobs in science and technology. The four
pillars of RDIA focus are Health and Wellness, Sustainable
Environment and Supply of Essential Needs, Energy and In-
dustrial Leadership and Economies of the Future. The univer-
sities in Saudi Arabia have been active in photonics research
areas which aligned well with many of the identified priority
areas.

Previously, in promoting Saudi Arabia’s research consortium,
KACST [https://kacst.gov.sa] funded the Technology Innovation
Center on RF and Photonics (TIC-RFTONICS) for research
toward e-society [https://rftonics.ksu.edu.sa]. This is part of the
initiatives of National Science, Technology and Innovation Plan
(NSTIP) with the goal of forming KACST’s research centers
within Saudi Arabia’s universities. The TIC formation aims
at increasing the research translation and commercialization
effort as a basis toward diversifying the economy in the country.
The center was co-founded by prominent figures of King Saud
University (KSU), Professor Saleh A. Alshebeili and Professor
Habib Fathallah, and started its activities since October 2012.
The TIC-RFTONICS in KSU produces both wireless and light-
wave prototypes, while delivering significant research findings
in both RF and optical wireless communications [43], [44],
[86], [87], [88]. Through the TIC-RFTONICS, the collabora-
tion among Saudi Arabia’s universities were further fostered
across KSU-KFUPM-KAUST [89], [90] in collaboration with
other prominent communication scientist, such as Professor
Mohamed-Slim Alouini [91], [https://cemse.kaust.edu.sa/ctl].

In the field of laser-based solid-state lighting and applica-
tions in terrestrial/underwater optical communication, Professor
Boon S. Ooi led the KACST’s Technology Innovation Center on
Solid-State Lighting (TIC-SSL) at KAUST and the TIC-SSL at
participating universities forming a research consortium from
2013-2021. The TIC-SSL combines KAUST partnership with
KACST, KFUPM (King Fahd University of Petroleum and Min-
erals), Effat University (an all-female-students university) and
King Abdulaziz University, as well as international collabo-
rators from UCSB (University of California, Santa Barbara)
[https://ssleec.ucsb.edu/]. The TIC-SSL led numerous innovative
research on laser-/superluminescent-diodes and semiconductor
gain media [92] for white-light generation, wavelength conver-
sion [93] and optical communication. Other prominent scien-
tists, in the development of down-conversion halide-perovskites
and related nanomaterials as well as the studies of these materials
using ultrafast laser spectroscopy and four-dimensional electron
imaging, included Professor Osman Bakr and Professor Omar
F. Mohammed [https://funl.kaust.edu.sa/people/detail/osman-
bakr-phd], [https://femto.kaust.edu.sa/]. KFUPM-KAUST col-
laboration has been fruitful in the development of self-injection

locked laser and tunable lasers in the visible wavelengths.
[94], [95], [96], [97] Professor Mohammad A. AlSunaidi,
and later Professor Mohammed Zahed Mustafa Khan, led the
cross-institution collaboration through the KACST’s TIC-SSL at
KFUPM. [https://faculty.kfupm.edu.sa/EE/msunaidi/], [https://
faculty.kfupm.edu.sa/EE/zahedmk/].

At KFUPM, Professor Hussain Ali Jamid [98] [https://
faculty.kfupm.edu.sa/EE/hajamed/], Professor Mohammad A.
Alsunaidi [99] and Professor Husain M. Masoudi [100] [https:
//faculty.kfupm.edu.sa/EE/husainm/] led the early development
of the field of Photonics in Saudi Arabia. In addition, Professor
Khurram Karim Qureishi’s research involved all-optical logic
gates and optical fiber sensing and technology operating in the
C- and L-bands [https://faculty.kfupm.edu.sa/EE/kqureshi/].

At King Abdullah University of Science and Technology
(KAUST), the synergy of interdisciplinary research and signif-
icant funding sources, including that derived from its endow-
ment, has ushered in flourishing photonics research. Professor
Boon S. Ooi led the Photonics Laboratory [https://cemse.kaust.
edu.sa/photonics] and KAUST spin-off company, AK-SENS
[https://ak-sens.com/] to address areas of economic importance
related to the oil and gas industry (downhole photonics) [101],
dates production [102], [103], and quantum communication
security [104]. In collaboration with Saudi Aramco, Ministry
of Environment, Water and Agriculture (MEWA), NEOM [https:
//www.neom.com/], and Royal Commission for AlUla (RCU)
[https://www.rcu.gov.sa/en/], the team implemented practical
distributed fiber sensing and machine learning in oil produc-
tion monitoring [101] or in early detection of red-palm weevil
infestation for smart farming and precision agriculture [103].
Furthermore, to address the need for Red Sea marine life and
environmental monitoring, photonics research has been con-
ducted, which included underwater optical wireless communi-
cation [105], [106], underwater energy transfer by light [107]
and optical fiber monitoring network [108]. The research on
underwater photonics was also highlighted twice by Nature
Photonics in 2015 and 2023, and thus demonstrating the team’s
persistent effort in addressing the technological challenges in
underwater photonics [109], [110]. The team also collaborated
with Professor Carlos M. Duarte, a world leading marine ecolo-
gist at KAUST, to utilize photonics technology in the ocean for
red sea coral reef protection and environment protection [111],
[https://www.kaust.edu.sa/en/study/faculty/carlos-duarte].

KACST and KAUST have also invested heavily in semiconduc-
tor epitaxy growth equipment to fuel research based on molec-
ular beam epitaxy (MBE) and metal-organic vapor phase epi-
taxy (MOVPE) [112] semiconductor growth technique. KACST-
KAUST have collaborated on group-III nitride light-emitters on
various heterogeneous substrates using MBE (led by TIC-SSL
co-principal-investigator, Tien Khee Ng [https://cemse.kaust.
edu.sa/photonics/people/person/tien-khee-ng]), especially in
addressing the research gaps in the ultraviolet regime and the
“green gap” [113], [114], [115]. KACST-KAUST-UCSB also
conducted joint-research in MOCVD grown semipolar lasers
[116] under the TIC-SSL funding framework.

In KAUST, the semiconductor epitaxy effort is championed
by Professor Kazuhiro Ohkawa and Professor Xiaohang Li.
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In full-color display LED integration and optical communica-
tion, Professor Kazuhiro Ohkawa’s ECO Devices Laboratory
[https://cemse.kaust.edu.sa/ecodevices] has collaborated inter-
nationally. The team realized InGaN-based red LED [117],
[118] and optical communication based on the device [119].
Subsequently, the team demonstrated the first all-InGaN-based
RGB micro-LEDs and at high pixel density, which is significant
for immersive visual experiences requiring ultra-high brightness
and definition [112]. It is also noted that Professor Ohkawa
has demonstrated the first 740-nm InGaN-based red LEDs in
2012 [120]. Related to photonics research, Professor Xiaohang
Li’s Advanced Semiconductor Laboratory [https://cemse.kaust.
edu.sa/semiconductor] focused on the formation of ultrawide
bandgap semiconductor for ultraviolet optoelectronic devices,
notably in group-III-nitrides and group-III-oxides deep ultravi-
olet light-emitters [121], boron-containing nitrides [122], and
Ga2O3 membrane [123]. The team has also reported signifi-
cant work in semiconductor heterostructures design and deep-
ultraviolet photodetectors [124], [125].

The Integrated Photonics Lab, led by Professor Yating Wan,
further focuses on advanced integration of on-chip light sources
for short-reach communication links by optimizing GaAs-based
quantum-dots (QD) gain material epitaxy-growth, refining mul-
tilayer photonic integrated circuit (PIC) integration methods, and
innovating in silicon photonic topological and dispersion en-
gineering [126], [127], [128], [https://cemse.kaust.edu.sa/ipl].
The team has forged strong alliances with esteemed global enti-
ties, such as Intel, UCSB, and SZIQA (Shenzhen International
Quantum Academy, [https://siqse.sustech.edu.cn/].

Cross-disciplinary and advanced photonics related research
are thriving in KAUST, such as the following. Professor Qiao-
qiang Gan’s Sustainability and Photonic Energy Research (Su-
PER) Laboratory [https://super.kaust.edu.sa/], among other top-
ics, research into sustainable water and cooling solutions by
harvesting solar energy, and introduces radiative cooling tech-
nologies to achieve record-breaking thermal photonic architec-
tures that require no electricity consumption [129], [130], [131].
Another advanced photonics related research is conducted by
Professor Andrea Fratalocchi who delves in applied complexity
[https://cemse.kaust.edu.sa/primalight], from basic research to
sustainable technologies that tackle the contemporary problems
of global interest, ranging from energy harvesting to clean water
production, design of smart materials, biomedical applications,
information security, artificial intelligence, and global warming
[132], [133], [134]. Professsor Carlo Liberale’s research applies
photonics in bio-science, including the use of infrared and Ra-
man micro-spectroscopy techniques and multi-photon processes
in the studies of bio-molecules, as well as high-resolution 3D
printing to produce complex optical systems [135], [136], [137],
[https://vibralab.kaust.edu.sa/].

VI. UNITED ARAB EMIRATES

In line with the UAE’s vision to become a leader in ad-
vanced technology, the Advanced Technology Research Coun-
cil (ATRC) is defining Abu Dhabi’s research strategy across

academia and industry. By consolidating and facilitating effi-
cient investment funding, driving policy and regulation for agile
decision-making, the ATRC is reinforcing the existing R&D
ecosystem to establish Abu Dhabi and the wider UAE as a global
hub for innovation [https://www.atrc.ae].

The ATRC, overseeing the nation’s shift toward a knowledge-
based economy, comprises three core pillars: (i) ASPIRE, driving
the technology program management and business development,
(ii) Technology Innovation Institute (TII) as a leading global
scientific research institute and the applied research arm [https:
//www.tii.ae], and (iii) VentureOne as the start-up incubator
and commercialization arm bridging the gap between research
pursuits and commercial engagements.

In this context, photonics, with its ever-expanding range of
applications and groundbreaking innovations often endorsed by
Nobel Prize laureates [138], stands as a pivotal element in the
UAE’s transition to an innovation-driven knowledge economy.
It serves as the cornerstone for shaping and enhancing various
existing and future technologies, applications, and capabilities
that facilitate the rapid evolution of the country into a digital-first
economy.

At TII, the Directed Energy Research Center (DERC), led by
the Chief Researcher, Dr. Chaouki Kasmi, emerges as a global
center of excellence in photonics in the UAE [139]. An achieve-
ment resulting from the incremental efforts of the Advanced
Photonics Research (APR) Department, led by the Scientific
Director, Dr. Steevy J. Cordette [140]. The APR’s team made
significant contribution to integrated photonics, particularly in
the study of Efficient Frequency Comb Generation [141] and
the development of narrow linewidth lasers with micro-ring
resonators [142], addressing the need for stable integrated Lasers
featuring linear frequency sweeps and necessary power for
various applications [143].

TII is also actively advancing its efforts in photonics through
its Quantum Research Center (QRC), within the Quantum Sens-
ing Department, led by the Senior Scientific Director, Dr. Rene
Reimann, on levitated nanoparticle using optical twister [144],
[145], and the Quantum Communications department, led by the
Senior Scientific Director, Dr. James Grieve, on entangled single
photon sources and quantum key distribution (QKD) [146],
[147].

Notably, the academic research conducted at Khalifa Univer-
sity [https://www.ku.ac.ae], has significantly contributed to the
study of THz generation and spectroscopy [148] by Professor
Mauro Pereira and his team, as well as to field of Silicon
Photonics and Micro/Nanofabrication process done by Professor
Jaime Viegas’s research group [149], [150].

Similarly, New York University of Abu Dhabi (NYU), has
made significant contribution through the research group
of Professor Mahmoud Rasras, which address the cur-
rent limitation of communication bandwidth with a fo-
cus on low-temperature germanium photodetectors integra-
tion on CMOS compatible platform (above 64 Gb/s) [151],
[152], [153], [https://nyuad.nyu.edu/en/research/faculty-labs-
and-projects/photonics-research-lab.html].

Research ongoing at the UAE University contributes greatly
in the study of the optical soliton and nonlinear optics physics
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within the laboratory of Professor Usama Al Khawaja [154],
[155], [https://www.uaeu.ac.ae].

A complementary emphasis in developing Photonics Re-
search within the ecosystem involves the establishment of a
robust local community closely intertwined with academia, not
only to enhance educational landscape in photonics for the future
generation of researcher but also to foster collaboration for re-
search of excellence addressing both local and global challenges
head-on.

VII. CONCLUSION

The photonics research in the Africa–Arab-peninsula region
is indeed dynamic, and collaborative effort within the region and
with international partners kept the research landscape vibrant.
It is anticipated that further research exchanges and funding
support driven by government will foster greater success in
advancing research frontiers as well as in seeding research
translation and commercialization.
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[145] J. A. Zielińska et al., “Controlling optomechanical libration with the
degree of polarization,” Phys. Rev. Lett., vol. 130, no. 20, May 2023,
Art. no. 203603.

[146] A. Reezwana, T. Islam, X. Bai, C. F. Wildfeuer, A. Ling, and J. A. Grieve,
“A quantum random number generator on a nanosatellite in low Earth
orbit,” Commun. Phys., vol. 5, no. 1, pp. 1–6, Dec. 2022.

[147] R. Chua et al., “Fine-grained all-fiber nonlocal dispersion compensa-
tion in the telecommunications O-band,” Opt. Exp., vol. 30, no. 9,
pp. 15607–15615, Apr. 2022.

[148] V. Vaks et al., “Sensing nitriles with THz spectroscopy of urine vapours
from cancers patients subject to chemotherapy,” Sci. Rep., vol. 12, no. 1,
pp. 1–11, Oct. 2022.

[149] M. F. Pereira, V. Anfertev, Y. Shevchenko, and V. Vaks, “Giant con-
trollable gigahertz to terahertz nonlinearities in superlattices,” Sci. Rep.,
vol. 10, no. 1, pp. 1–9, Sep. 2020.

[150] Y. Bian et al., “Monolithically integrated silicon nitride platform,” in
Proc. IEEE Opt. Fiber Commun. Conf., 2021, pp. 1–3.

[151] G. Dushaq et al., “Metal-germanium-metal photodetector grown on
silicon using low temperature RF-PECVD,” Opt. Exp., vol. 25, no. 25,
pp. 32110–32119, Dec. 2017.

[152] J. Gosciniak and M. Rasras, “High-bandwidth and high-responsivity
waveguide-integrated plasmonic Germanium photodetector,” J. Opt. Soc.
Amer. B, vol. 36, no. 9, pp. 2481–2491, Sep. 2019.

[153] J. Gosciniak, F. B. Atar, B. Corbett, and M. Rasras, “Plasmonic Schottky
photodetector with metal stripe embedded into semiconductor and with
a CMOS-compatible titanium nitride,” Sci. Rep., vol. 9, no. 1, pp. 1–12,
Apr. 2019.

[154] P. S. Vinayagam, R. Radha, U. Al Khawaja, and L. Ling, “New classes of
solutions in the coupled P T symmetric nonlocal nonlinear Schrödinger
equations with four wave mixing,” Commun. Nonlinear Sci. Numer.
Simul., vol. 59, pp. 387–395, 2018.

[155] U. Al Khawaja and H. T. C. Stoof, “Formation of matter-wave soliton
molecules,” New J. Phys., vol. 13, no. 8, Aug. 2011, Art. no. 085003.

https://www.laserfocusworld.com/executive-forum/article/14294388/powering-innovation-with-photonics
https://www.laserfocusworld.com/executive-forum/article/14294388/powering-innovation-with-photonics
https://www.laserfocusworld.com/executive-forum/article/14294388/powering-innovation-with-photonics
https://wired.me/technology/integrated-technologies-to-drive-the-age-of-photonics/
https://wired.me/technology/integrated-technologies-to-drive-the-age-of-photonics/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


