NMR SIGNALS WITHIN THE MODEL OF FRACTIONAL BROWNIAN MOTION

Jana Tóthová1, Vladimír Lisý1,2
1Department of Physics, Faculty of Electrical Engineering and Informatics, Technical University of Košice, Park Komenského 2, 042 00 Košice, Slovakia
2Laboratory of Radiation Biology, Joint Institute for Nuclear Research, 141 980 Dubna, Russian Federation
vladimir.lisy@tuke.sk
Nuclear magnetic resonance (NMR) as a non-invasive tool to follow random motion of spins is often applied in studies of systems of very different kinds, including complex fluids and biological tissues. Usually the long time limit is used to describe the experiments, when the experimental times are much larger than the characteristic frictional times of the particles. Such a description allows proper interpretation of measurements of normal and anomalous diffusion. The all-time dynamics is correctly considered only in a few works that however do not go beyond the standard Langevin model of the Brownian motion (BM). In the present contribution the attenuation function S(t) for an ensemble of spins in a magnetic-field gradient is calculated using the method of accumulation of the phase shifts in the rotating frame. The found S(t), expressed through the particles’ mean square displacement (MSD), is applicable for any kind of stationary stochastic dynamics of spins with or without a memory. We have studied in detail the model of the fractional BM and obtained the MSD of particles, which can be free or trapped in a harmonic potential. The solution is used for the calculation of S(t). The results are compared with NMR experiments acquired in human neuronal tissues.
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