Plasma Tools for Antimatter Physics
C. M. Surko
Department of Physics, University of California, San Diego, La Jolla CA 92067-0319

Techniques will be described to create, manipulate and store positron plasmas in PenningMalmberg traps in new regimes of parameter space and to create finely focused positron
beams [1]. Positron plasmas are compressed radially using rotating electric fields [the socalled “rotating wall” (RW) technique], in the case where the plasma is cooled by cyclotron
radiation in a strong magnetic field (B = 5 tesla) [2-4]. A regime of RW operation will be
described in which the application of a fixed RW frequency, fRW, spins the plasma up until
the plasma rotation frequency fE (i.e., which is proportional to the plasma density, n) is
approximately equal to fRW. This provides the ability to create a rigidly rotating plasma with
a known and constant high density, n = fEB/ce (e.g., 3 x 1010 cm-3 for fE ≈ fRW = 10 MHz). To
access this regime, the plasma must be driven away from states localized near “zerofrequency modes” in which n is limited by drag torques due to trap imperfections. The
criteria for accessing this regime, a model of the compression process, and possible limits of
this technique will be discussed [3, 4].
Studies will also be described to extract beams of small spatial extent from the plasma center
[5, 6]. For small-amplitude pulses, the radial beam profile is Gaussian with a beam radius of
2λD (HW to 1/e), where λD is the Debye screening length. The fraction of the plasma that
can be extracted in this manner is Nb/N ≤ 0.1(2 λD/Rp)2, where Rp is the plasma radius, and N
is the number of positrons [6]. A model of the radial beam profiles for larger beams will be
presented.
Finally, a multicell trap will be described that is designed to store orders of magnitude more
positrons than is currently possible (e.g., N > 1012) [7, 8]. Plasmas will be stored in multiple
Penning-Malmberg traps (“cells”), arranged both along and in parallel off the magnetic axis.
An enabling technique to move plasmas across the magnetic field using autoresonant
diocotron-mode excitation will be described as well as outstanding challenges in the next
steps toward development of such a trap [8].
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