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Branduoliy magnetinio rezonanso (BMR) ir magnetinio rezonanso tomografijos (MRT) metodai yra
nepakei¢iami jrankiai medziagy moksle ir medicinoje. Jie taip pat suteikia patogig platforma
fundamentiniy kvantiniy reiskiniy tyrimams. Vis délto BMR pasiZzymi mazo signalo jautrumo
problema, kuri lemia dideles eksploatacines i§laidas ir maza eksperimenty laikinj efektyvuma. Sia
problema galima iS$spresti naudojant hiperpoliarizacijos metodus, kurie padidina BMR signalo
stiprumg net keliy eiliy dydziais. D¢l savo efektyvumo ir prieinamumo i§ $iy metody iSsiskiria
paravandeniliu suzadinta poliarizacijos (angl. ParaHydrogen-Induced Polarization — PHIP) metodas.
PHIP remiasi tiksliai suderintais redukcijos chemijos ir sukiniy fizikos protokolais. Pastaruoju metu
pazanga sparc¢iy cheminiy reakcijy srityje ir magnetinio lauko valdyme silpname magnetiniame lauke
leido sukurti kompaktiSkas, mobilias poliarizatoriy sistemas, kurios per kelias minutes gali pasiekti
hiperpoliarizacijos efekta tiek in situ, tiek in vivo. Be praktinés naudos, silpno lauko PHIP taip pat
leidZia pasiekti | netiesinés ir chaotininés sukiny dinamiky riba, atverdama naujas galimybes geriau
suprasti fundamentinius kvatinius reiskinius. Sio doktorantiiros projekto tikslas yra eksperimentinis
ir teorinis silpnojo lauko PHIP tyrimas, naujy hiperpoliarizacijos metody kiirimas bei taikymas dar
sudétingy sistemy signalo stiprinimui.

ParaHydrogen-Induced Polarization in the low magnetic field regime

Nuclear Magnetic Resonance (NMR) and Magnetic Resonance Imaging (MRI) are essential tools in
materials and medical sciences, and they also offer a convenient platform for exploring fundamental
quantum phenomena. However, NMR is inherently limited by low sensitivity, resulting in high
operational costs and low experimental throughput. This limitation can be overcome through
hyperpolarization techniques, which enhance NMR signal strength by several orders of magnitude.
Among these, ParaHydrogen-Induced Polarization (PHIP) stands out for its effectiveness and
accessibility. PHIP relies on a precise interplay between hydrogenation chemistry and spin physics.
Recent advances in rapid chemical reactions and magnetic field manipulations at low fields have led
to the development of compact, mobile polarizer systems capable of achieving hyperpolarization in
situ and in vivo within minutes. Beyond practical applications, low-field PHIP also enters regimes of
nonlinear and chaotic spin dynamics, offering new opportunities for fundamental research. This PhD
project will focus on both experimental and theoretical investigations of low-field PHIP, development
of new hyperpolarization methods for NMR signal enhancement in complex target systems.



