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Principal Investigator: Prof. Dr. David Ruffolo, Dept. of Physics, Faculty of Science, Mahidol University

E-mail address: scdjr@mahidol.ac.th
Project Period: July 28, 2005 — July 27, 2008

The overall goals of this project were four-fold: 1) to perform simulations of magnetic turbulence to
investigate the topology of magnetic field lines and the orbits of energetic particles, 2) to use models of
particle transport in turbulent magnetic fields to analyze data on solar energetic particles, 3) to work toward
long-term monitoring of galactic cosmic rays at vertical cutoff rigidity 17 GV, including the establishment of
the Princess Sirindhorn Neutron Monitor, analysis techniques, and theoretical studies of galactic cosmic ray
anisotropy, and 4) to provide Thai-language information on energetic particles in space, and space physics in
general, to the community at large.

We have worked on 28 lines of research and trained/involved 30 local participants. Some highlights:

® Discovered that the standard Kubo number does not properly separate regimes of diffusion in stretched

isotropic turbulence.
® Exploration of the general properties of power spectra of 2D turbulence and the ultrascale.
® |nterpretation of the “field line random walk” formula for the perpendicular transport of cosmic rays.
® Explored particle diffusion in non-axisymmetric 2D+slab turbulence and tested competing theories.

® Concept of local trapping boundaries within which turbulent field lines are temporarily trapped, along with

a mathematical prescription to find these.
® Theoretical explanation of the scaling of the field line trapping distance.

® Computational demonstration of trapping of particle orbits due to the topology of 2D magnetic turbulence,
in a Cartesian geometry.

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

connected to localized heating sources.
® Collected statistics on magnetic field-shock crossings, with evidence for universal behaviors.

® Explanation of the largest relativistic solar particle event in 50 years, on January 20, 2005, in terms of
nonlinear particle transport and/or a magnetic bottleneck beyond Earth.

® FExplanation of the December 13, 2006 ground level enhancement of relativistic solar particles in terms of

a magnetic bottleneck beyond Earth.
® First systematic investigation of particle anisotropy traveling inside closed interplanetary magnetic loops.

® Completed construction of a building and installed 43 tons of lead, polyethylene, and neutron detection
equipment for the Princess Sirindhorn Neutron Monitor (PSNM) at the summit of Doi Inthanon, which has

been collecting data on galactic cosmic rays since August, 2007.
® Observed effects of high speed solar wind streams on the cosmic ray flux from space.

® Developed a local capability to perform realistic Monte Carlo simulations of particle interactions in a

neutron monitor.

® New model of an interplanetary flux rope; drift orbits of energetic particles in an interplanetary flux rope.



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

newspaper, radio, and TV interviews.
Output of the project includes 6 articles in leading international journals (4 published, 1 in press, 1
submitted), 28 international conference presentations, 4 completed theses (1 Ph.D., 3 M.Sc.), and 5

completed B.Sc. senior projects.
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