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CIntroduction) CPlane Beam-Plasma Antenna)
It is experimentally found that during the propagation of an electron X K
beam throught a thin plasma column immersed in external magnetic o — a2 _
SRRV . > by =a3 -3, by=1inay,
field the powerful electromagnetic radiation is observed. What is the 2 . 2
mechanism? How does the efficiency of radiation depend on plasma Y b3 =—bxag, by=a;—39.
parameters? In vacuum, EM waves
m EZ _ CseiiKJ_(X—U, EZ _ C7€_iJ<J—(X+U,
CFormulation of the Problem) Up i\l\ Ey = Cg oK L(x—l)) Ey = Cg o 1K L(x+1)
: e g | i‘“ The energy flux density
o An electron beam (density ny, speed v, and the relativistic i\l\ ] )
factor vy, ) excites an unstable longitudinal wave. — S Ce|2
b) . beam o = - 3~ 2 = T :KJ-|C6|2 '
e The frequency and growth rate of this wave are nomeC I X |
Wy _ (M /n0)1/3 T _ V3 (g, /n0)1/3 Fie 3. Geometry of the problem. The full radiation power P,,4 in units of beam power Py,
Wp 243y, 7wy 2453y, Lz
, Inside the plasma, electromagnetic fields E = E(x) exp(iK 12— iwt) + Prad w
o The electric field of the wave: Ex(t,x) = Epcos(kjz — wt), P = = Sdz,
| c.c. obey P,  (vb— T)mpvpl
where Ey = y%l”zvb; Its wave vector: k| = 1> 0
’ here L, is the length of pl After substituti tants and
o If such a wave scatters on harmonic density perturbation 0%, 4 aiE—a Oty id (1 _ g2 /e) WACLE Lz 15 1Ae ICLgLL Of plasiid. el SUDSLILULING CONStallls ah
(n=ngy + dncos z) it can radiate EM waves with frecuency 0x2 2 200y 7w 1=) the current , L
w and wave vector 0%E OE on-Ty(l
Zy+a3Ey+a4—Z:O, P = (U ZJEédz,
Xy=k(1-9), Q=q/k ox 0x 8(vy — Nnpvp V1 — w )
where
K| = \/1 _ K2, " where
| ai =n (1 —JC”/E) , Q)= fKHg/e, F1(1) = X w(F +F)
o Generation 1s possible when ) X1 1= (1 — w?)3/2 ’
1 -V, < Q<14 a3 =¢— Kﬁ T _gg<2’ a4 = - _HJCZ’ F1 and F, are contributions from different plasma eigenmodes:
e The direction of the radiation . . | . | 5
5 the current amplitude J = jy/(engc) = idnky(z)/(4w) and . bs sin(s¢1) + Gbgsin(s1)
,\) J—
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Inside the plasma the solution of the system: 2= L ’
CT he Particular Case) E, = b; (C1 NE L C, e—i%1x> +b, (C3 el X _ C, e—mzx) B ﬂ) where
0,7 | | | | | . . . . nw Z =bjcos(sl) +1K | bgsin(sl) + G (bycos(snl) + 1K | bgsin(snl)),
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N / 2 modes \ @ The region of trancparency for both modes is bounded by
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Fig. 1 : The factor F;(1) as a function of plasma thickness for w = 0.94. i | - Q(TI i 8) i 2\/511(92 _ (n _ 8)2)
@ When the modulation period coincides with the wavelength of (n—e)?
the beam-driven mode (Q = 1) the radiation angle 8 = 90°. 0 9) ° B?rth Plasmi modes Eenetrate i_IltO the plasma in regions
o Dispersion relations of eigenmodes: oo - . , ) i <2<9yand 8y <Q<
wt =1 and x5 = (g5 — €. | | | | | | | | | @ These modes have X-polarization wi ifferent angles to the
12 n % (2 92)/ ' ' ' Th des h X-polarizati ith different les to th
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@ F» = 0, this mode has X-polarization, can propagate inside the
2 ’ P ’ Probag Fig. 4 : Window of plasma transparency to the generated EM waves (v, = 0.9c,

plasma but cannot interact with the longitudinal current. 51 = 0.Tng, 1y = 0.0T1g, Q = 0.9w,,).
@ The first mode has O-polarization and penetrates into the b
plasma only to the skin-depth (s = ix). (a) (b)
@ The radiation power depends on 1 as
T2
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e Efficiency of such radiation can be raised to the level of 5—10%. 4 L | 702
— 3.5 T ] 0.2
(Cyhndrlcal Antenna) e
~ 3 L i
=
5 I I | I T . 0.3 25 r — O 15
45 .
L 1095 2 r 1
YT I m =15 0.1
35 1L Jo9 1.5 1
& T ‘ L F m =3 - — 1l = In
25 L 0.15 0.05 | 0
C | 0.5 F 5 T
’ 0.1 : | | : 0 - %21 — §m
1.5 ] 1.1 1.2 1.3 1.4 1.9
Lr ] 0.05
05 I _ - 21 >
1 L 12 13 14 5 16 17 18 19 ’
Q Fig. 5 : (a)Radiation efficiency as a function of the modulation period and plasma thickness for the plane antenna (for the parameters n, = 0.01ng, vp = 0.9¢c, Q. = 0.9wy,

Fig. 2 - Radiation efficiency as a function of the modulation period and radius of dn = 0.1ny); (b) Transverse structure of electric fields for plasma eigenmodes at the point of the global maximum of P.

plasma column for the cylindrical antenna.

Fig. 5(a) shows the relative power of EM radiation for the constant and sl = mm/2(red) for odd n and m. This is due to the fact that
electric field amplitude (| ~ E%LZ), where the radiating plasma region  work of the uniform current under the field of plasma wave becomes

(Woul 1 You Like to Know More?) is characterized by the length [, = vy, /I" required for beam trapping. = maximal when we integrate over the half-wavelength plasma and the
The conditions for local maxima on Fig.5(a) are sl = mn/2(black) minimum when the plasma width is raised to the wavelength.
This poster and our articles on this theme can be
downloaded here: https://yadi.sk/d/SWBxRscho8Fr3 (Summary)
@ The theory of EM emission generated in a thin magnetized plasma e The relative power remains enough high even for relatively thick
with the longitudinal density modulation under the injection of plasma (~ 10 — 15%).
C About the Author) an electron beam has been formulated in terms of plasma antenna. o The proposed method can be generalized to the turbulent regime
in which random fluctuations of plasma density are represented
Volchok Evgeniya, e It has been predicted that, at certain emission angles, plasma by a set of periodic perturbations of the type
a student of Novosibirsk State University, Departemnt of Physics. becomes transparent to radiation and the whole plasma volume St ~ Z Nl
e-mail: Evgeniya-Volchok@yandex.ru may be involved in generation of EM waves. ; .
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