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Anexa 1

Rezumatul activitatii si a rezultatelor obtinute in proiect

Cifrul proiectului 24.80013.5007.3TR

Denumirea Proiectului ,,Boosting the scientific _and innovative capacity of bilateral
consortium to advance the polarization sensitive DHM with singular structured
illumination for biomedical applications”

Rezumat 1n limba romana

In conformitate cu obiectivele ale proiectului, s-au obtinut urmitoarele rezultate:

1. A fost dezvoltat un design optim al unui DHM sensibil la polarizare, incluzand software si
hardware. Au fost luate in considerare diverse scheme optice, iar un interferometru Mach-
Zehnder off-axial a fost ales ca fiind cel mai potrivit In ceea ce priveste sensibilitatea la
polarizare. Matricile Jones au fost reconstruite din hologramele inregistrate. Fiecare element al
matricei reprezinta coeficientul complex de transmitanta dintre starile de polarizare de intrare si
iesire, oferind o descriere completd a modului in care elementele optice difractive (EOD)
modifica polarizarea luminii in fiecare punct spatial. Aceasta reprezentare permite caracterizarea
detaliata a proprietatilor de polarizare spatiald ale EOD-urilor. Au fost investigate EOD-urile
inregistrate pe straturi subtiri de azopolimeri dopati cu diferite concentratii de nanoparticule de
aur si nanomultistraturi din sticld calcogenice.

2. Elemente optice difractive multifunctionale cu singularitiati au fost dezvoltate folosind
structuri multistrat bazate pe sticla calcogenuricd si nanocompozite pe bazd de azopolimeri.
Proprietatile optice, polarimetrice si de inregistrare ale elementelor optice difractive (DOE)
dezvoltate au fost studiate si a fost demonstrata capacitatea lor de a Inregistra structuri vortex,
care permit crearea de fascicule optice cu singularitati. Am demonstrat abordarea atat In stari
scalare, cat si vectoriale ale luminii structurate. Rezultatele noastre confirma faptul ca
azopolimerii care contin carbazol reprezintd un instrument puternic in ingineria materialelor
pentru fabricarea de microstructuri cu morfologii neobisnuite, care se diferentiazd de distributia
peliculelor subtiri de azopolimeri care contin carbazol si a nanomultistraturilor din sticle
calcogenice pentru a determina caracteristicile starii de polarizare in cazul campurilor luminoase
polarizate atat uniform, céat si neuniform, precum si pentru a codifica informatii in starea de
polarizare a luminii.

3. Rezultatele experimentale raportate aratd ca SI-MHDP este un instrument puternic pentru
imagistica de faza a probelor microscopice cu distributie de polarizare. Au fost dezvoltati
algoritmi pentru reconstructia imaginilor obtinute folosind metoda SI-MHDP si generarea unei
harti tridimensionale a birefringentei pentru diverse probe biologice (izotrope si anizotrope).
Probe de creier de soarece si celule de rasad de struguri au fost méasurate folosind metoda SI-
MHDP, iar capacititile si eficacitatea metodei dezvoltate au fost evaluate. Aceasta metodologie
oferd o caracterizare completd si spatial rezolvatd a polarizarii pentru probele. Combinand
imagistica holografica sensibila la polarizare cu analiza matricei Jones, este posibild investigarea
cantitativd a proprietdtilor birefringente si a anizotropiilor. Aceste informatii sunt esentiale
pentru intelegerea, evaluarea si optimizarea performantei optice probe transparente.
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Rezumat in limba engleza

In according with the purposes of the project the following results have been obtained:

1. An optimal design of a polarization-sensitive DHM was developed, including software and
hardware. Various optical schemes were considered, and an off-axial Mach-Zehnder
interferometer was chosen as the most suitable in terms of polarization sensitivity. Jones
matrices were reconstructed from the recorded holograms. Each element of the matrix represents
the complex transmittance coefficient between the input and output polarization states, providing
a complete description of how diffractive optical elements (EODs) modify the polarization of
light at each spatial point. This representation allows for detailed characterization of the spatial
polarization properties of EODs. EODs recorded on thin films of azopolymers doped with
different concentrations of gold nanoparticles and chalcogenide glass nanomultilayers were
investigated.

2. Multifunctional diffractive optical elements with singularities were developed using multilayer
structures based on chalcogenide glasses and azopolymer-based nanocomposites. The optical,
polarimetric, and recording properties of the developed DOEs were studied, and their ability to
record vortex structures, which enable the creation of optical beams with singularities, was
demonstrated. We demonstrated the approach on both scalar and vectorial states of structured
light. Our results confirm that carbazole-containing azopolymers are a powerful tool material
engineering to fabricate microstructures with unusual morphologies that differentiate from the
total intensity distribution of the writing laser beam. We showed the new possibilities of using
carbazole-containing azopolymer thin films and nanomultilayer from chalcogenide glasses to
determine the characteristics of the polarization state in the case of both uniformly and non-
uniformly polarized light fields as well as to encode information in the polarization state of the
light.

3. The experimental results reported show that SI-MHDP is a powerful tool for phase imaging of
microscopic samples with polarization distribution. Algorithms were developed to reconstruct
images obtained using the SI-MHDP method and generate a three-dimensional birefringence
map for various biological samples (isotropic and anisotropic). Mouse brain samples and grape
seedling cells were measured using the SI-MHDP method, and the capabilities and effectiveness
of the developed method were evaluated. This methodology provides a complete and spatially
resolved polarization characterization for the samples. By combining polarization-sensitive
holographic imaging with Jones matrix analysis, it is possible to quantitatively investigate
birefringent properties and anisotropies. This information is essential for understanding,
evaluating, and optimizing the optical performance of transparent samples.
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