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The photo on the cover shows Prof. Riccardo Betti (front) with University of Rochester students Jack Woo, Alison Christopherson,
Joel Howard, and Arijit Bose (left to right). The University of Rochester team, together with collaborators at Lawrence Livermore
National Laboratory and the University of Madrid, have developed a technique to measure the level of alpha-particle heating
and to assess the onset of the burning-plasma regime in inertial fusion implosion experiments. Fusion alphas are produced in
the fusion reactions of the thermonuclear fuel deuterium and tritium (DT) with an energy of 3.5 MeV and slow down through
collisions with plasma electrons. The alpha-heated electrons transfer part of their energy to the D and T ions, thereby increasing
the fusion reaction rate. The burning-plasma state is achieved when the alpha heating exceeds the external input energy to the
thermonuclear fuel. Assessing the degree to which fusion alpha particles contribute to the plasma heating is essential to under-
standing the onset of the thermal runaway process called “ignition.” Thermonuclear ignition is the most fundamental process at

the heart of controlled nuclear fusion.
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This report was prepared as an account of work conducted by
the Laboratory for Laser Energetics and sponsored by
New York State Energy Research and Development Authority,
the University of Rochester, the U.S. Department of Energy, and
other agencies. Neither the above-named sponsors nor any of
their employees makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name,
mark, manufacturer, or otherwise, does not necessarily con-
stitute or imply its endorsement, recommendation, or favoring
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The image at the left shows a diagram of the thermal feedback
process called alpha heating. If a thermonuclear plasma with
deuterium (D) and tritium (T) is sufficiently hot and dense, then
the D and T fuse to create one alpha particle and one neutron.
The fast neutron escapes while the alpha particle deposits its
energy back into the plasma, heating it more. As the reaction
rate increases, the alpha-heating rate increases, which in turn
increases the reaction rate. This thermal instability is the
mechanism leading to high-energy gains in thermonuclear
fusion schemes.
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