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Lecture-1: Turbulent Heating in Space Plasmas: Theory and Observation
Riddhi Bandyopadhyay
Department of Astrophysical Sciences, Princeton University, Princeton, NJ, 08540-7219, USA
The majority of naturally occurring flows are considered to exist in turbulent state. Due to the non-linear interaction of the
structures, a turbulent system transfers energy from large scales to small scales and dissipates into heat. At intermediate length
scales, the energy is mostly transferred from larger scales to smaller scales progressively, without any loss of energy. This
process is known as the energy cascade. Turbulent energy cascade and dissipation have significant effects on transport of
charged particles and heating. However, the nature of energy dissipation is not well understood in magnetized plasmas and
fluids. Several mechanisms have been proposed as possible candidates of energy dissipation in these systems. Examples include
magnetic reconnection, Landau damping, damping of waves, heating by microinstabilities. All these kinetic processes can
contribute to plasma heating and particle energization. A complementary point of view is to focus on the energetics, and on
general formulations that subsume, in principle, all available mechanisms. From this perspective, an important question is how
to quantitatively estimate the energy transfer and dissipation rates across scales, on average. This talk will address this and
other related questions, with a focus on the heliospheric plasmas, although the same understandings apply in other turbulent
flows in laboratory, geophysical, and astrophysical systems.

Lecture-2: Bound Positron-Molecule Annihilation Resonances
Soumen Ghosh*
Department of Physics, University of California, San Diego, La Jolla, CA 92093-0319, USA
Nonneutral plasma physics techniques have enabled new types of tunable, high-energy-resolution positron beams. Exploiting
these advances, I will talk about bound positron-molecule annihilation resonances with modes other than fundamental
vibrations. Low energy positrons (< 0.5 eV) bind to molecules through Feshbach resonant excitation of dipole- or quadrupoleactive fundamental vibrational modes, and this leads to greatly enhanced annihilation rates. Recently, new annihilation
resonances were observed involving vibrational modes beyond the fundamentals. These new resonances appear to be due to
combinations and/or overtones of the fundamental vibrations. They have considerable importance, for example, for
understanding the physics of positron annihilation in the interstellar medium. In the course of this discussion, I will describe
the process of generating slow positrons (1 - 100 eV) using a radioactive source (energies of 100’s of keV) and trapping and
cooling them to room temperature or below. The application of this cold beam to the study of resonant annihilation with
molecules will be discussed.
* In collaboration with J. R. Danielson and C. M. Surko, and funding supported by US NSF grant PHY1702230 and PHY-2010699.

