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Abstract—The Jubilee 50" edition of the WILGA Symposium on
Photonics Applications crowns 25 years of diligent service by this
exceptional series of scientific and technical meetings to the local and
international photonics research, academic, industrial, business, and
societal communities. The paper reviews concisely, without details,
some of the chosen topical tracks related to photonics presented during
the previous meetings, particularly during the WILGA 2022 sessions.
The paper summarizes the achievements of WILGA Photonics
Applications meetings of young researchers shortly and gives a general
sense of the unique nature of these meetings. More comprehensive
descriptions of WILGA achievements are available in around 30 Proc.
SPIE volumes published continuously under the common title Photonics
Applications in Astronomy, Communications, Industry, and High-
Energy Physics Experiments since 2002.

On the occasion of the 50" edition of the WILGA
meeting, it is necessary to summarize their role and
impacton the photonics community in Poland, andin this
geographical region, duringthe lastquarterof acentury.
WILGA Symposium [1-2] on Photonics Applications
2022 was split traditionally into two parts, held in January
asthe 49thwinteredition, in May/June, andin September
during the split 50" summer edition [3]. All sessions
gathered more than 150 participants, national and
international young researchers in photonics, optical
engineering, electronics, mechatronics, applied physics,
and relatedareas in which photonicsplaysa key role. A
characteristic feature of WILGA 2021 and 2022
Symposia on Photonics Applications was thenumerable
participation of researchers, students, and presented
works from Ukraine. The post-pandemic situationforced
the organizers to split and reduce some of the plenary
WILGA meetings considerably, with the traditional
participation of several hundred young researchers, to
more confined hybrid events. WILGA Symposium is a
research, technical and social event organized by students
forstudents with a leading motto: Comehere to have fun,
to have muchfun,and tolearn alot! WILGA Symposium
foryoungresearchers, in hermiddle age, wasa research
event ahead of its time in terms of organization, research
program, and the way of presentation. The very current
and excitingscope of topicaltracksand unique way of
conducting the research andtechnicalsession were the
factors that attracted, literally speaking, crowds of young
researchers.
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This unique and incomparable research and teaching
event has now reached a round number of fiftyeditions.
During the quarter of a century, WILGA gathered more
than 8000 young researchers, most post-graduated and
Ph.D. students active in photonics applications and related
fields. More than 3000 indexed papers were published in
WILGA proceedings andjournals. WILGA proceedings
have been publishedsince 2002 (editions 9" and 10'") in
the series Proc. SPIE [4-6]. Patronage over WILGA
Symposiumwas held by the Photonics Society of Poland,
IEEE Poland Section, Association of Polish Electrical
Engineers, Polish Optoelectronics Committee, Committee
of Electronics and Telecommunications of Polish
Academy of Sciences, and Warsaw University of
Technology. WILGA Symposium was generously co-
sponsored by SPIE, PSP, IEEE, and WUT. Wilga
sessions on material science in the field of photonics,
apart from laser semiconductors and optically active
dielectrics, were usually centered around glass technology
for photonics, sensors, optical fibers, integrated optics,
nano-photonics, etc. This year, these sessions were
correlated with the International Yearof Glass declared
by the United Nations [7]. Wilga's session on glass
technology development was devoted tothe dedication of
the Yearof Glass. Similarly to the International Year of
Glassof 2022, Wilga celebrated the International Year o f
Light in 2015 with several dedicated sessions andinvited
tutorials by international experts in photonics. Wilga
Symposium also participatedin the exceptional Wa rsaw
SPIE Congress on Optics and Optoelectronics with over
1500 participants in 2005. Glass playedanessential role
in the development of laser technologies. In1961, Elias
Snitzer fired the first optical fiber laser, which was 1 m
long. Lasers, glass, and optical fibers have changed
everything in science and societal applications.
Femtosecond lasers gave birth to newtooling for femto-
physics and femto-chemistry and to muchmore detailed
research of liquid-to-glass transition. Observations of
glassbehaviorunderthe interaction with femtosecond
laser pulses are the keyto understand theglass transition
phenomenon. This research led to fs-laser glass
micromachining technologies with sub-nm precision.
Glass is a non-crystalline amorphous solid, formed by
guenching, with an internal atomic arrangement similar to
liquid but more tightly packed. The glass-liquid thermal
transitionregion Ty is always the subject of research using
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statisticaland rheological approaches. The non-crystalline
character of glass meansthat there isno long-range ord er
inside the material, and the material is in a complete
disorder, even microscopically. Glass is in a non-
equilibrium state from the point of view of
thermodynamics. Chemical bonding constraints impose
that glasses possess a high degree of short-range order
concerning local atomic polyhedra. A few strong glass
research centers do high-quality applied science in Poland
and usedto participate in Wilga with their engaged young
researchers.

Ergodicity of the dynamic system, like glass, shows
how the properties of a smallrandom sample of glass
images average the behavior of a large sample with time.
Thisis necessary to masterthematerial more precisely
and safely apply glassasamiraculous base in up-and-
coming solutions of nano-photonics. Nano-photonic
circuits based onglass enable near-field and nonclassical,
sub-Poissonian light functionalities, including shaping
and managing single photons, dressedphotons, trapped
and virtual photons, and photon-based quantum
emergencies like coupled photon-electrons, photon-
polaritons, which are impossible, or difficult toobtain in
other conditions. Other Wilga nonclassical light sessions
concentrated on practical applications of squeezed light
and othernonclassical light states like Bessel beams.

Nanometre size and periodic glass structures enable the
manufacturing of functional devices compatible with the
photonic integrated circuits PIC and optical fiber
technology and resigning from volume optics using even
miniature but classical lenses. The boundary between
ergodic and nonergodic areasin glassisindicated by the
value of the Deborah number, which is the subject of
research using physical phenomena of very different

timescales like ablation, thermal diffusion, re-
solidification, carrier-carrier and carrier-phonon
scattering, radiative recombination, and photon

absorption. These effects spanfrom 10-°sto 10%%s. These
effectsare grouped into four basic categories, thermal and
structural effects, carrier removal, thermalization, and
carrierexcitation.

Wilga sessionson quantum informationtechnologies
QIT were mainly associated with buildinga two hundred
qubit quantum computer at WUT and an ultraprecise
guantum optical fiber link fordatatransfer to/from the
trapped ion-based NISQ (noisy intermediate-scale
quantum) processor to thedistant computational center.
The quantum processor is controlled, on the hardware
layer, by a network ofassociated microwave and laser
beams. Physical qubits are organized up the software
stack intofunctional, logical qubits, which, even higherin
the computational stack, areavailable by the NISQusers.
Ph.D. students are engaged in the project and report some
of the results in Wilga. Active work goes on
cybersecurity, including providing secure computation
and transmission on the photonics layer of the QIT
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infrastructure. Classified algorithms are implemented for
quantum error correctionon physical and logical layers.
Ironically, the infrastructure will also be used for works
on post-quantum-era cybersecurity technologies. Building
middle-size quantum computingand QI T infrastructureat
WUT encouragedthe groupto launcha series of lectures
on quantum computing, emphasizing linear photonic
solutionsand QIT for M.Sc.and Ph.D. students to attract
them to these technologies. QI T hasa substantial im pact
on the development of biomedical engineering. Wilga
optogenetics, biophotonics,and quantum biophotonics
sessions were associated with the newtrack of research
and didactic designed for postgradand Ph.D. students to
familiarize them with newtechnologies and encourage
them to join the quantum information technology research
teams formed at WUT and other universities. The
Optogenetics hardware layer was constructed in
cooperation between WUT, innovative spin-offs, and
Medical University in Warsaw. The tiny integrated
electronics-photonics probe was implanted into the
animals'brainsto testcontrol of theirbehavior induced
via quantum opto-chemical reactionin their organisms.
Some of these pioneering optogenetics results were
published in Wilga proceedings. Other Wilga sessions on
biophotonics included photoacoustic spectroscopy,
photodynamic and low-level laser therapy, laser
equipment for biomedicine, but primarily biofluorescence
with a green fluorescent protein, and bioluminescence as
well as biophosphorescence. Integrated photonic
equipment was constructed and tested in several
laboratories for biophotonics measurements.

Wilga sessions on optical networking were, ina sense,
associated with the development of wireless networking
by light and photonic options for the 5G/6G. Light-
assisted networkingincludes a massive datalayer at TB
rates, at the network core, with optical pipes, and the
wireless Li-Fi user access layer, at MB/GB rates, at the
network access peripheries. Numerable Li-Fi solutions
were implemented in various, intentionally chosen, easy,
and challenging infrastructural conditions to test the
photonic signal integrity, availability, practically available
transmission rates, multipath disturbances, environmental
noise, reliability, energy efficiency, etc. Li-Fi research
results presented in Wilga have shown thebeauty of this
technology by its availability for extended and quite
advanced researchfor students. The numberand variety
of tested LED lamps, and other compatible light sources
applicable for the Li-Fi in various environmental
conditions were impressive. Some of these solutions have
found real-life applications and started to be
manufactured by innovative photonic spin-offs.

An extraordinary, dedicated Wilga session was
organizedon attosecond and exawatt laser pulses, and
laser pulse compression technologies. The exceptional
occasion forthis session wasthatthe Military Academy
of Technology in Warsaw awarded professor Gerard
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Mourou (Nobel Prize 2018 in Physics with Donna
Strickland) with the honorary doctorate for his work on
chirped pulse amplificationand laser pulse compression.

Ph.D. students andyoungresearchers from WUT, UW,
and other universities, are engaged in several projects
associated with large, scientific, discovery class
infrastructures in Europe. Theseinfrastructures contain a
lot of combined and frequently well-integrated electronics
and photonics functional instrumentation. The functions
include measurements, equipment diagnostics, the
realization of work tasks, routine system maintenance,
control, timing, and synchronization, and providing
safety. The infrastructures with active engagement of
students from Poland are European X-ray Free Electron
Laserin DESY, European Spallation Neutron Source in
Lund, ATLASandCMSexperimentsatLHC in CERN,
CBM - compressed baryonic matter, and other
experiments at GSI/FAIR in Darmstadt, Tokamak
development projects associated with the ITER
infrastructure, etc. During these 25 years, WILGA
organized numerous sessions on developing research
equipment for these extensive experiments startingmany
yearsago with reports onthe ZEUS/HERA developments
and achievements in DESY Hamburg. One of theleading
topics is developing precise photonic and electronic
equipment for the compressed baryonic matter
experiment at the Facility of Antiproton and lon
Research. Wilga groups of young researchers were
involved in several astronomical and space research
projects. Inthis respect, close cooperationwas developed
between WUT, UW and the Centre of Space Research
CBKPAN. Pi-of-the sky project and constructed round-
the-globe optical observatory, performing continuous
measurements for more than a decade, culminatingin the
discovery and co-discovery, as the first observer, of
severaloptical flashesaccompanying significant GRB
effects. Young researcher groups from CBK PAN, which
report their results in Wilga, specialize in constructing
innovative, specialized board computers for satellites.
These constructions contain highly reliable photonics
components integrated into the system functionality.
Wilga sessions on space and satellite engineering have
always been attended by youngresearchers fromseveral
research and technical centers and innovative firms in
Poland. Wilga was luckyto carefully observethe birth of
these technologies in Poland by establishing many
dedicated spin-offs tospaceresearch.

Wilga continuous Photonics Applications sessions were
devoted to developing many components, devices,
sensors, and larger pieces of functional equipment
containingkey photonics components. Itisinteresting to
list a few of such systems, presented in Wilga atan early
stage of development, which work today as standards, in
some cases, worldwide. One of the birthplaces of the
opticalfiber-based White Rabbit system of precise time
distribution was WUT, with initial ideas presented in
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Wilga around 20yearsago. Nowthe system is a widely
adopted standard addingto the PTP protocol.

Wilga Symposium was correlated with other domestic
and international photonics meetings organized in Poland
inside the local, very active photonics research
community. After gaininginitial experience in Wilga, the
youngresearchers frequently presented their works during
the meetings co-organized by the Photonics Society of
Poland and other national photonicsorganizations like
Symposium on Laser Technology, Optical Fibres and
Their Applications, Optical and Electronic Sensors,
Integrated Optics, etc. All of these meetings published,
for some time, their works in Proc. SPIE. The Wilga
sympaosium on Photonics Applications undoubtedly left
an indelible mark on the Polish photonics research
community. Many thenyoung researchersstarting their
research careers with Wilga are now leaders of their
research groups in governmental laboratories, academia,
and the industry. Anumber of them opened their own
start-ups andspin-offsand operatedsuccessfully in the
demanding high technology market. Twenty-five years
ago, when we started with thefirst Wilga, it was a novel
approachandinitiative, addingdecisively and firmly to
the education style via dynamically changed projects
rather than via the permanent, not often changed,
curriculum. Today, these early participants, now
established experts, admire very frequently the
foundations of this initiativewhen lookingback into the
past. The distinguished 25" anniversary of the Wilga
symposium andits 50" edition raises questions about its
future. Wilga meetings are older than the Photonics
Letters of Polandand contributed their numerous papers.
The first one was WILGA Symposium on Photonics
Applications, published as aneditorialin PLP 1(2) 2009.
The questionabout Wilga's future hasto be answered by
the new generations of young researchers in photonics
and their tutors supervising the development of their
scientific andtechnical careers, choosingandfitting the
appropriate  methods to the changing research
environment and legal academic requirements. These
have recently changed a lot, requiring form Wilga to find
new ways of attracting interaction with young
researchers.
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