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Vo X B Acceleration of Electrons by Elliptically Polarized

Electromagnetic Waves Propagating Perpendicularly to
Static Magnetic Field

by Satoshi TAKEUCHI*, Kazuo SAKAI*,
Michio MATSUMOTO* and Ryo SUGIHARA**

Abstract

New mechanisms of trapping and acceleration of electrons by an elliptically polarized
electromagnetic wave (EPW) are shown in relativistic regime. Having the phase velocity V,,
which is a little smaller than the velocity of light ¢, the EPW propagates perpendicularly to an
externally applied static magnetic field B,. Trapping conditions are divided into four types by
using the ratio of the electric field component of the EPW to the field B, and the Lorentz factor
¥o = [1—(V,/c)]""* as parameters. Under the certain conditions, an electron trapped by the
EPW can be accelerated unlimitedly along the wave front of the EPW as long as the original
wave form is held constant without wave damping. Several issues of slow wave structures to
slow down the phase velocity by using dielectric materials are also discussed.
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The electron located at the bottom of the
electrostatic potential well is accelerated in the
negative y-direction by the force f,= (-e/c) Vo X B,.
The force f,= (-¢/¢) Vi X B, tends to push out the
trapped electron backward the wave, while the
force f, of the wave tends to trap the electron in the

Fig. 1

potential well.
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Fig. 2

In the vicinity of the magnetic neutral points A
and B, the electron sees only the constant electric
field E, and is accelerated by E, in the negative x
direction. The electron feels the restoring force
fo=1(-¢/¢) VX B, near the point of A. On the other
hand it is the repulsive force that the electron feels
near the point of B. As the velocity V, increases
with time, the force f, becomes stronger, hence the
electron is more tightly trapped in the vicinity of A.
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the y-direction is negative value, hence the electron
tends to fall behind the wave without coherent
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IlI-a : Pahse space trajectory in the wave frame.
IlI-b : Time evolution of y in the labolatory frame.
The parameter is given as: ‘
E/B,=06, V,/c=04166, =90 (ES).
L ONENIKEY, FBEFRICL > TRE 2AEEED
Ly EE D, SHLICEBNEIE LEBS B D
5, X-3 DX DI BV TRFIHES R Z 3 5
TRIT S22 L HEEE % B,

FHEARDFE D & I 72 BRI 13 TR A I
ET20TC, FIRFEERMO BRI AFEREDHEE
ARETZINE L L%, BFEERORMEICIE > TE
ZETIIEREL IS LBERLHEERRT S, 20
LEBFOHEMES H2 ) DRI AILX—19F

dw/dy = q*/2d? = 0.72X10""/d*[eV/ecm] (7 -

52 bN%.dI3BEFEHFEERDOERTH ), FATF

WEERERBENBES d = L/2BETHE, 22T

W N-a
100 N-b
>50r
Lw
T T
wt

B@-8 fEMIVICHEWTLE (LW) RS Rt WETOES
H-7T0BELEL L 512, BFRECHRFIHLKSIN
LIEMIZH B,
IV—a ! EOEERIB T 5 HEZEMO#E
IV—b | EBRERICBITS vy rEZEL
R AFIIRDE G ICE 2 b,
E /B,=15, V,/c=0.866, §=20° (LW),
Motion of the untrapped electron with the L wave
(LW) in the region IV.
The untrapped electron tends to fall behind the
wave as already shown in Fig.7.
IV-a: Phase space trajectory in the wave frame.
IV-b : Time evolution of y in the laboratory frame.
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