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    Abstract

        
            The Intense Neutron Source (INS) is an Inertial Electrostatic Confinement (IEC) fusion device presently under construction at Los Alamos National Laboratory. It is designed to produce 10{sup 11} neutrons per second steady-state using D-T fuel. Phase 1 operation of this device will be as a standard three grid IEC ion focus device. Expected performance has been predicted by scaling from a previous IEC device. Phase 2 operation of this device will utilize a new operating scheme, the Periodically Oscillating Plasma Sphere (POPS). This scheme is related to both the Spherical Reflect Diode and the Oscillating Penning Trap. With this type of operation the authors hope to improve plasma neutron production to about 10{sup 13} neutrons/second.
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                    The periodically oscillating plasma sphere

                    
                        Journal Article
                            Nebel, R; Barnes, D - Fusion Technology
                            

                    A new method of operating an inertial electrostatic confinement (IEC) device is proposed, and its performance is evaluated. The scheme involved an oscillating thermal cloud of ions immersed in a bath of electrons that form a harmonic oscillator potential. The scheme is called the periodically oscillating plasma sphere, and it appears to solve many of the problems that may limit other IEC systems to low gain. A set of self-similar solutions to the ion fluid equations is presented, and plasma performance is evaluated. Results indicate that performance enhancement of gridded IEC systems such as the Los Alamos intense neutron sourcemore » device is possible as well as high-performance operation for low-loss systems such as the Penning trap experiment. Finally, a conceptual idea for a massively modular Penning trap reactor is also presented.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Inertial electro-magnetostatic plasma neutron sources

                    
                        Conference
                            Barnes, D; Nebel, R; Schauer, M; ... 
                            

                    Two types of systems are being studied experimentally as D-T plasma neutron sources. In both concepts, spherical convergence of either electrons or ions or both is used to produce a dense central focus within which D-T fusion reactions produce 14 MeV neutrons. One concept uses nonneutral plasma confinement principles in a Penning type trap. In this approach, combined electrostatic and magnetic fields provide a vacuum potential well within which electrons are confined and focused. A small (6 mm radius) spherical machine has demonstrated a focus of 30 {micro}m radius, with a central density of up to 35 times the Brillouinmore » density limit of a static trap. The resulting electron plasma of up to several 10{sup 13} cm{sup {minus}3} provides a multi-kV electrostatic well for confining thermonuclear ions as a neutron source. The second concept (Inertial Electrostatic Confinement, or IEC) uses a high-transparence grid to form a global well for acceleration and confinement of ions. Such a system has demonstrated steady neutron output of 2 {times} 10{sup 10} s{sup {minus}1}. The present experiment will scale this to >10{sup 11} s{sup {minus}1}. Advanced designs based on each concept have been developed recently. In these proposed approaches, a uniform-density electron sphere forms an electrostatic well for ions. Ions so trapped may be focused by spherical convergence to produce a dense core. An alternative approach produces large amplitude spherical oscillations of a confined ion cloud by a small, resonant modulation of the background electrons. In both the advanced Penning trap approach and the advanced IEC approach, the electrons are magnetically insulated from a large (up to 100 kV) applied electrostatic field. The physics of these devices is discussed, experimental design details are given, present observations are analyzed theoretically, and the performance of future advanced systems are predicted.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Los Alamos intense neutron source

                    
                        Journal Article
                            Nebel, R; Pickrell, M; Barnes, D - Transactions of the American Nuclear Society
                            

                    The intense neutron source is an inertial electrostatic confinement (IEC) fusion device currently under construction at Los Alamos National Laboratory. It is designed to produce 10{sup 11} n/s steady state and will be used for nuclear assay applications. It is being built in a hot cell and will operate with a deuterium-tritium fuel mixture. This device is a three-grid IEC ion focus device. Expected performance has been predicted by scaling from a previous IEC device. In this paper we describe the physics principles of operation of this device, the engineering design parameters, and the empirical scaling used to determine themore » design parameters.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    High fluence neutron source for nondestructive characterization of nuclear waste. 1998 annual progress report

                    
                        Technical Report
                            Pickrell, M
                            

                    'The author is addressing the need to measure nuclear wastes, residues, and spent fuel in order to process these for final disposition. For example, TRU wastes destined for the WIPP must satisfy extensive characterization criteria outlined in the Waste Acceptance Criteria. Similar requirements exist for spent fuel and residues. At present, no nondestructive assay instrumentation is capable of satisfying all of the requirements. One of the primary methods for waste assay is by active neutron interrogation. The authors plan to improve the capability of all active neutron systems by providing a higher intensity neutron source (by about a factor ofmore » 1,000) for essentially the same cost, power, and space requirements as existing systems. This high intensity neutron source will be an electrostatically confined (IEC) plasma device. The IEC is a symmetric sphere that was originally developed in the 1950s as a possible fusion reactor. It operates as D-T neutron generator. Although it was not believed to scale to fusion reactor levels, these experiments demonstrated a neutron yield of 2 x 1010 neutrons/second on table-top experiments that could be powered from ordinary laboratory circuits (1 kilowatt). The basis for scaling the output up to 1x1011 n/s has been established. In addition, IEC devices have run for cumulative times approaching 10,000 hours. The essential features of the IEC plasma neutron source, compared to existing sources of the same cost, size and power consumption, are: neutron yield of 1011 compared to 108, lifetime of 10,000 hours compared to 500, and operation is pulsed or steady state compared to pulsed. The design of a conventional IEC source is a spherical vacuum chamber containing a spherical grid. The grid is raised to a high negative potential. A breakdown develops between the chamber wall and the grid, and this plasma becomes a source of positive deuterium and tritium ions. These ions are accelerated to the center of the vacuum chamber sphere where they may collide. If the grid is raised to a nominal 100 kV, the coulomb barrier for D-T fusion, then the fusion cross section becomes quite large and the neutron production proceeds. The limiting factor has been high densities associated with the Paschen breakdown curve. Because of the high densities, the ions tend to collide multiple times before reaching the center and do not collide with the full accelerating potential. The Los Alamos IEC uses a triple grid design. In the triple grid IEC device, the inner grid is the accelerating grid and serves the same function as the single grid in conventional IEC systems. The central grid serves as electrical isolation, and is held at ground potential. The outer grid is raised to a modest positive potential, say 200 volts. Dispenser cathodes around the vacuum chamber wall inject electrons. The electrons are trapped and orbit around the outer grid, ionizing a local plasma. Because of the modest potential, the breakdown occurs at a different point on the Paschen curve, at a much lower density. The limit is further relaxed by the injected ionization from the dispenser cathodes. The result is a lower density plasma. The result is a tight focus of fully accelerated ions that collide in a beam-beam mode. The collision energy and neutron yield are large.'« less
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                    Inertial electrostatic confinement: A unique compact accelerator-target source for neutron capture therapy

                    
                        Conference
                            Miley, G
                            

                    The economic development of neutron capture therapy requires the availability of a compact, relatively inexpensive neutron source. A variety of accelerator-target concepts are considered competitors for this application, but all require considerable research and development to achieve the goals desired. In this presentation, a new concept is described, the Inertial Electrostatic Confinement or IEC device. The IEC is, in effect, an integrated ion-accelerator, plasma-target device. The use of a plasma-target removes the traditional target-heating issues, transferring heating to other components where it is more easily handled. A gaseous discharge in deuterium (or deuterium-tritium [D-T] mixtures) is developed between a sphericalmore » grid and the spherical vacuum-vessel wall. A high voltage applied to the grid not only creates the discharge, but also simultaneously extracts and focuses the ions into a small high-density volume at the center of the sphere where fusion occurs, producing neutrons. A high efficiency is obtained, since this creates a potential configuration which recirculates scattered ions through the dense center volume. Present experimental devices (30- to 60-cm diameter) at the U. of Illinois routinely produce 10{sup 6-7} 2.54-MeV D-D neutrons/sec steady-state/10{sup 8-9}u 14-MeV D-T n/s equivalent. Even higher neutron-emission rates have been achieved in a new pulsed version. As is, these devices are of interest for laboratory experiments, and a scaled-up version could be considered for human treatment. Concepts and issues related to scale-up will be presented.« less
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