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Demonstration via Simulation of Stable Confinement of
Sheet Electron Beams Using Periodic Magnetic Focusing
John H. BooskeSenior Member, IEEEand Mark A. Basten

&
periodic /

/ periodic
guadrupole sheet planar quadrupole
edge-focusing electron PCM edge-focusing
magnets beam (or ‘PPM’) magnets

stack

Fig. 1. PCM-PQM magnetic array hybrid for two-plane focusing of sheet electron beams. Arrows show the alternating cusped magnetic polarity of the
central PCM section (equivalent to a planar PPM structure) and the alternating quadrupolar polarities of the edge magnets.

Abstract— Using a two and one-half dimensional (two- reduced space-charge density, by increasing the width of the
dimt_ansignal for fields, three-dimensional for particle v_elocities) beam. Thus, focusing problems and space-charge debunching
particle-in-cell (PIC) code we simulate the dynamics of a gffacts are avoided and, in addition, the RF power density is

highly-elliptic sheet electron beam focused by a periodically-
cusped-magnetic (PCM) field array. For edge-focusing, a reduced due to the extended nature of a rectangular or planar

periodic-quadrupole-magnetic (PQM) array is placed along RF interaction circuit. Historically, the main disadvantage
the sides. Very high-space-charge, low-voltage beams may beof using sheet electron beams is the susceptibility to beam
focused in this way, without disruptive diocotron instability.  distortion and break up due to the diocotron instability, at
The PCM-PQM hybrid array appears convenient for two- o4t in solenoidal focusing schemes.
g?:sevé?:écg:%ger?;gzilbeam to minimize beam ripple in both Previously, stable magnetic confinement of sheet electron
beams without disruptive diocotron instability has been illus-

trated by numerical simulation for semi-infinite sheet beams in
periodically-cusped magnetic (PCM) focusing fields [1], [2].
Theoretical analyses [3] have also suggested that confinement
of finite-width (i.e., including edge effects), high-space-charge

NE of the problems in the scaling of high-power vacuurgheet electron beams might be possible using an “offset-

microwave sources to higher frequencies is the negdle” PCM configuration. This offset-pole PCM array is
to transport beams with high space-charge density, siné;ﬁabgous to an offset-pole planar “wiggler” system that
the RF circuit transverse dimensions tend to decrease Wi{s experimentally demonstrated to be effective at two-plane
wavelength. The use of sheet electron beams can alleviate $igfinement of very low density (negligible space charge)
difficulty since large amounts of current can be transported,mbh_vonage sheet electron beams [4].

i ) i . Here we provide evidence obtained from numerical simu-
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Fig. 2. Cross-sectionalk{y plane) images illustrating confinement of sheet electron beams by (a) a contant axial magnetic field and (b) a PCM-PQM
periodic magnetic field. The inset numbers indicate distances along the axial diniension. The numbers along horizontal and vertical axes represent
“a” and “y” dimensions, respectively, in centimeters.

beam focusing, including the “strong” focusing characteristibe page). It is evident that the beam begins to shear and
of periodic quadrupole systems [5] as well as flexibility tailt early in the simulation and eventually filaments due to
separately “tune” the edge-focusing fields by varying the sidocotron instability in a fairly faithful reproduction of the
magnet cant angle or spacing independent of the central PGkMe phenomenon observed experimentally in [8].
array. To emphasize the enhanced capability for high-power, high-
To investigate the dynamics of sheet beams focused byspace-charge beam transport to be realized with PCM-focused
PCM-PQM hybrid magnetic field, we used the two and onsheet beams, we note that the total perveance of this beam
half dimensional particle-in-cell (PIC) code MAGIC [6]. Theis a considerablaﬁ,/Vb?’/2 = 10 u pervs! The current, space
lack of a third dimension was finessed by using a paraxigharge, and particle densities of the beam correspond to 90.9
assumption and transforming the beam axis grdegree of A/cm?, 15.5 mC/mi, and 9.7x 10'® m~3, respectively.
freedom into the time domain, i.ex,— ugt, wherewg is the
(approximately constant) axial speed of the electron beam. REFERENCES
Fig. 2 illustrates resylts of simulations of a sheet elegtro ] 3. H. Booske, A. H. Kumbasar, and M. A. Basten, “Periodic focusing
beam transport dynamics (specifically, the beam has a highly-" and ponderomotive stabilization of sheet electron beamhys. Rev.

elliptic cross section) with major and minor radii of = 1.4 2 ge}: \éol- 7k1, n,\cA)- i4,Bpp-t 3972—?498}% 1%93. M. ANt s
_ = . . . H. booske, . A. basten, A. H. Kumbasar, 1. . Antonsen Jr., S.
cm andyb = 0.025 cm, respectlvely, with a total beam current W. Bidwell, Y. Carmel, W. W. Destler, V. L. Granatstein, and D. J.

I, = 10 A and a beam energy afV, = 10 keV. The beam Radack, “Periodic magnetic focusing of sheet electron beafisys.
was initially loaded with a Gaussian velocity distribution in all _ Plasmasvol. 1, no. 5, pp. 1714-1720, 1994.

h loci di ith ill . loci O[3] J. H. Booske, B. D. McVey, and T. M. Antonsen Jr., “Stability and
three velocity coordinates, with illustrative rms velocity Spread ~ confinement of nonrelativistic sheet electron beams with periodic cusped

ratios of vin o/t = Vin,y /o = Vi, /w = 1%. Conducting magnetic focusing,J. Appl. Phys.vol. 73, no. 9, pp. 4140-4155, 1993.

i ; _ [4] z. X. Zhang, V. L. Granatstein, W. W. Destler, S. W. Bidwell, J.
wall boungary conditions were invoked at= +2 cm and Rodgers, S. Cheng, T. M. Antonsen Jr., B. Levush, and D. J. Radack,
y = +0.25 cm. “Experimental and numerical studies of sheet electron beam propagation

Fig. 2(b) shows the evolution of the beam cross section through a planar wiggler magnet|EEE Trans. Plasma Scivol. 21,

. N . - . 760-767, Dec. 1993.
subject to periodic magnetic fields characterized by a pealfgl ,‘_’\’_’ M. Clogston and H. Heffner, “Focusing of an electron beam by

on-axis PCM field amplitude oBy, = 1200 G and a magnet periodic fields,”J. Appl. Phys.vol. 25, no. 4, pp. 436-447, 1954.

period of A,, = 3 mm. No diocotron instability is observed. [6] B. Goplen, L. Ludeking, D. SMithe, and G. Warren, “User-configurable

. o . . MAGIC for electromagnetic PIC calculationsComput/ Phys. Com-
The independent tunability of the PQM side fields enables ,,n vol. 87, pp. 54-86, 1995.

matching of the beam in the wide transverse dimensiori7] M. A. Basten, “Formation and transport of high-perveance electron

S ; ; ; beams for high-power, high-frequency microwave devices,” Ph.D. dis-
minimizing overall beam ripple [7]. For comparison, Fig. 2(a) sertation Un%/erpsity of W?scons?n-Ma)(;ison Madison, WI, 1996.
shows the same beam in a static, uniform solenoidal magnetig c. c. Cutler, “Instability in hollow and strip electron beams,”Appl.

field (1200 G) oriented along the axis (pointing out of Phys, vol. 27, no. 9, pp. 1028-1029, 1956.



