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Abstract and Executive Summary

Project Title: Transport of Cosmic Rays in the Solar System
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The overall goals of this project were four-fold: 1) to study the fundamental processes of energetic
particle transport in turbulent magnetic fields; 2) to study the transport, acceleration, and interactions of solar
energetic particles; 3) to study the transport, time variations, and interactions of galactic and extragalactic
cosmic rays; and 4) to provide Thai-language information on space physics and astrophysics to the public,
and to expose students to space physics research and research techniques. We have worked on 32 lines of
research and trained or involved 45 local participants. Output of the project includes 6 articles for leading
international journals (3 published, 1 submitted, 2 in preparation), 14 international conference presentations, 5

completed theses (2 Ph.D., 3 M.Sc.), and 9 completed B.Sc. senior projects.
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Some highlights of our research resuits are:
© Discovery of other routes to Bohm diffusion, due to random ballistic decorrelation.
© Analytic calculations of the field line random walk for one-component “noisy RMHD” magnetic turbulence.

© Developed first theory of time'proﬁle of particle subdiffusion and diffusion perpendicular to the mean field,

based on Brownian motion.

© A new version of NLGC theory based on random ballistic decorrelation provides a reasonable fit to
simulation results, with no arbitrary parameters.

© Introduction of a novel concept for quantifying the separation of a particle guiding center from its field line.
© A particle guiding center very closely follows its local field line in 1D (slab) turbulence.

© Explanation of solar moss (bright and dark structure) in terms of the random walk of magnetic field lines

connected to localized heating sources.

© Computational study of field line and particle trapping due to the topology of 2D magnetic turbulence,
leading to dropouts, with a more accurate 2D MHD magnetic field mode! for dropout studies.

© Demonstration that particle gradients in dropouts are organized by local trapping boundaries, not current
sheets.

© Discovery of a collimation effect in spherical geometry, in which particle trajectories are attracted to or
repelled from O-points of the turbulence topology.

© Developed a software detector for simulated solar energetic particle transport, to provide time-intensity
and directional distributions at different regions of the turbulent topology.

© Discovered an effect of the 2D turbulence topology on the parallel transport of solar energetic particles.



Examining the radial dependence of SEP profiles, including the distances of Mars and Jupiter, with regard
to radiation hazards for astronauts.

Performed the first SEP transport simulations to include the radial dependence of the mean free path from
ab initio turbulence models.

Continued operation and maintenance of the Princess Sirindhorn Neutron Monitor (PSNM) at the summit
of Doi Inthanon, providing neutron monitor data at the world's highest cutoff rigidity for a fixed station.

Processing of PSNM data for real-time plots and scientific data.
Organized semi-annual electronics training workshops.

Intercalibrated PSNM with other neutron monitors by bringing a mobile monitor (calmon) from South Africa
to Doi Inthanon.

Collected data from the calmon in various configurations, including a measurement of the effect of the
PSNM building.
Developed a local capability to perform realistic Monte Carlo simulations of Galactic cosmic ray

interactions in Earth's atmosphere and neutron monitors.

Investigated the time dependence of the time-delay spectrum, and found an association with atmospheric
pressure.

Using FLUKA simulations to better understand the travel time and time delay distributions of neutrons in
the PSNM.

Studying the synodic variations of galactic cosmic rays in association with corotating solar wind structurés.
New global, analytic model of an interplanetary flux rope.

Orbits of energetic particles in an interplanetary flux rope due to drifts, perpendicular diffusion, and parallel
scattering.

Successful dissemination of space weather knowledge: Website ranked highly in Thailand for
physics/astronomy; involving high-school students in space science measurements; invited ledtures;

newspaper, radio, and TV interviews.

Teaching laboratory experiment for undergraduate students on cosmic rays and neutron detection.
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