3.11.2 Space Charge Compensation in High Intensity Circular Accelerators (Moses Chung/Peoples Fellow at Fermilab)
We propose to explore a novel scheme of space-charge compensation that could lead a significant increase of the beam intensity for future accelerator-based high-energy physics experiments and other sciences.

Through its past success in electron cooling of high-energy antiprotons [1], beam-beam compensation using the electron lens [2], and controlled halo removal by hollow electron beams [3], Fermilab has gained extensive experience and resources in manipulating high-energy particle beams by means of well-controlled electrons. As the mission of US high energy physics program is pushing the Intensity Frontier, it is of great technical and scientific merit for the community if this remarkable tradition of Fermilab can be applied to overcome the beam intensity limit in the present accelerator technology. Hence, we propose to investigate a novel method of space-charge compensation to achieve very intense and stable beams in circular accelerators through trapping and controlling of the electrons generated from beam-induced residual gas ionization. The method has a great potential to improve performance of leading high-current proton accelerator facilities and experiments, such as LBNE with Project-X intensities, Mu2e and “g-2” after the intensity upgrades, compressor and accumulation rings envisioned in the Neutrino Factory and Muon Collider projects. The method may also offer a transformational technology for the next generation high-intensity proton sources, eg, such as those needed for the Accelerator Driven Systems.  

The main idea of this compensation method is based on the long-known fact that the negative effect of Coulomb repulsion can be mitigated if beams are made to pass through a plasma column of opposite charge. This idea has been successfully applied to transport high-current low-energy proton and H- beams into the RFQ in many linacs. In circular machines, partial neutralization by ionized electrons was attempted with notable improvements in beam intensity, namely one order of magnitude higher than the space-charge limit. However, the beam-plasma system was subject to strong transverse electron-proton (e-p) instability. In principle, this difficulty can be overcome if protons and electrons are immersed in a longitudinal magnetic field which is a) strong enough to freeze the electron density distribution; b) strong enough to suppress the e-p instability; c) weak enough to allow positive ions to escape transversely, in addition to longitudinal draining; and d) uniform enough to avoid beta-beat excitations. In addition, we note that significant improvements have been made on the physics of nonneutral plasmas and on the stability of beam-plasma systems in plasma physics community over past decade, some of which could be readily adopted for the present project.   

The scope of this proposal will be based on the resources and facilities available at Fermilab within the five year timeline. The existing ion source (proton and H-), LEBT system, and RFQ of High Intensity Neutrino Source (HINS) program will be reused as an injector for the ring with currents up to 20 mA and energy of 2.5 MeV. The newly proposed Integrable Optics Test Accelerator (IOTA) ring, which is now under construction at Fermilab with completion expected in 2014, will be used to accumulate protons through charge-exchange injection. The Tevatron electron lens system, a nonlinear element to be installed in IOTA ring, can be used to trap electrons for the initial experiments. The scientific program will consist of both extensive theoretical modeling, and installation and operation of the test accelerator, outlined as follows:

· Studies of the physics of electron column formation and the stability of beam-plasma system 

· Measurements of electron accumulation and beam-plasma stability at HINS beamline 

· Design and construction of charge-exchange injection system for IOTA ring

· Installation of HINS front-end (with H- source) to ASTA hall

· Measurements of electron accumulation and beam-plasma stability at IOTA ring using the electron lens system

· Upgrade of the electron lens system with dedicated diagnostic and control equipment

Although the present proposal is not part of Fermilab’s accelerator R&D plan, it will create lots of synergies with other program as well. For example, once the IOTA ring stores low energy proton beams, combined effects of space-charge compensation and nonlinear integral optics could be readily studied.    
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