
Spherical Cusp for High Energy Density Plasma Confinement

Objectives – The objective of this project is to develop an innovative confinement concept that has the

potential to create and maintain the densities and temperatures necessary for controlled fusion.  This

project involves the design and construction of a set of low resistance coils for installation inside a large

diameter vacuum chamber.   The coils will be designed in a spherical array with the coils extending away

from the center in the radial direction.  The motivation for the spherical cusp configuration is the potential

for stable confinement of high energy density plasma.

The following set of diagrams provides an illustration of the multi-coil, spherical cusp configuration:

Project Evolution – Phase I of the project will focus on putting together the research team,

developing the required simulations to verify the feasibility of the confinement configuration and building

a small-scale experiment to demonstrate the feasibility of the spherical cusp configuration.  Phase II of

the project will focus on the development of a larger-scale experiment to demonstrate the feasibility of

using a spherical cusp configuration as a candidate for an experimental fusion reactor.

Project Overview – The spherical cusp is an innovative confinement configuration designed to

provide sufficient confinement time to maintain a high-energy-density population of particles in order

reach ignition conditions.  This confinement configuration involves electron cyclotron resonance heating

with the use of a pair of very high frequency (~200 GHz) gyrotrons along with a very strong magnetic

field (~7.2 T) to operate in a regime that allows the microwaves to penetrate into the plasma with very

little power loss.  This operating regime, which is on the order of 5 x 1014 electrons per cubic centimeter,

along with an ideal ignition temperature of 4 keV and 36 keV for D-T and D-D reactions, respectively,

could produce breakeven conditions for steady-state confinement times on the order of one second.



Confinement Stability – In the majority of confinement configurations used to confine plasma, there

is a tendency toward instability due to the fact that the corresponding magnetic field lines can shorten

themselves causing a disruption.  The exception, in terms of confinement configurations, is when the

magnetic field lines curve away from the plasma, or in other words, when the confinement configuration

is a magnetic cusp.  This configuration is inherently stable due to the fact that an instability requires an

expenditure of energy to stretch the lines of force to fill the volume previously occupied by the plasma.

Confinement Time – In past experiments involving a magnetic cusp configuration, sufficient energy

confinement on the order of tens of milliseconds have been achieved and in many cases, where there was

a large ratio of perpendicular to parallel velocity, hundreds of milliseconds have been achieved.

For the case of β ~ 1, the confinement time is proportional to the magnetic field strength, the square of

the radius and inversely proportional to the temperature, and with a radius on the order of 50 cm and a

magnetic field strength on the order of 7.2 T, a confinement time on the order of one second can be

achieved for very low temperatures below 20 eV.  The problem, in this case, is related to high

temperatures, in particular, temperatures on the order of 4 keV and 36 keV for D-T and D-D reactions,

which leads to confinement times on the order of 4.5 ms and 0.5 ms, respectively.

Confinement Strategy – The strategy for improving the confinement time for a high temperature

plasma is based on three objectives: a significant reduction in charge exchange as a loss mechanism, a

significant reduction in the number of particles in the loss cone and a significant reduction in surface

interactions as a result of contact with the structure.

Current Activities – The following images show a very small experiment in development.


