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COLLISIONLESS DAMPING OF SURFACE PLASMA
OSCILLATIONS AND POSSIBILITIES OF ITS REVERSE AT THE

INTERACTION WITH CHARGED PARTICLE FLOWS

V.M. Yakovenko. INV. Yakovenko*

A. Usikov IRE NASU
U1. Proskury 12, Kharkov 61085, Ukraine

*R & D Institute "Molnia", Ministry of Education and Science of Ukraine

L1l. Schevchenko 47, Kharkov 61013, Ukraine

This paper is devoted to investigation of the interaction between the charged particle
flows passing through the boundary of plasmalike media and surface oscillations.
Suppose that an external flow of charged particles crosses the boundary between the
media of different electromagnetic properties, for example, dielectric (vacuum)-
semiconductor. Let a semiconductor occupy the space region y > 0 and vacuum

(dielectric with E,) is at y < 0. It follows from Maxwell's equations that there are the
surface electromagnetic oscillations with spectrum

q- 20)( = 0 - - 02)< 0, > >0, (1)q2  C)2 E1 +2(0))' . ,0) oY__C -1+F,(O 0)_
where (o is the frequency of plasmon, q is the wave vector along the surface,

co02 = 4iTe 2no/m, is the plasma frequency; n0 is the electron concentration, m is the

effective mass of electron. If c -> oo, the dispersion law is t = co0/V.0 ±+E,

Hamiltonian of the system has the following form:

H = H " +H () ) + (H(), (2)

where H * ha)( [c',l (0)[i(t) +,,(t)+a<1()a, (1)] is the Hamiltonian of electromagnetic
2 '

field (surface plasmons), H Y -• Wk/4()bk (i) is the Hamiltonian of an electron

system; 8, 2 h 2k 2/2ni is the dispersion law of electrons; k is the wave vector of the

electron; b y(1)= exp(0), 1), ,,(1 ) = , exp(- ko t), 0 + (i1=) Uexp(ikt I1/h),

bA (t)=/k exp(- iEkt/h), b a0, b^ are the birth and annihilation operators for the

plasmons and the electrons in the states q and k;

H Wkjkbk+(t )Vj (t )±+ q a(t)] bk') ( (3)
kqk'

is the Hamiltonian of the electron-plasmon interaction.
To find the expression for the matrix element Wkq4. it is necessary to use the expression

* 12

H ( -t r,t )k (r,t)dr (4)
C c=

where
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](r, t) =2mhVI (k +e W') •()(t) exp i(k' - k) r

2m0 V k,k'

is the operator of an electron current density,

1 (rt)- Kr4hc2 Y e, [b,(t)+aq+(t)]e'q°r

is the operator of the vector-potential of the surface wave electromagnetic field; e a is

the unit polarization vector: e, = e = e2x = (q: LJqJ /(&1 + 8) e., = -e,= ie,

e = (qz/qx)ex, q1.2 = (qx,Tq, qi), V = LS is the volume of the interaction space, S is

the cross-section of the sample.
Carrying out the standard procedure [1,2] we obtain the following kinetic equation
which describes the change of the surface plasmon number Nq as the result of their

radiation and absorption with the electrons nk

a N q 2 n(

a~t -- TII Wk,qk2 2 [(Nq + 1)nkl ( - nk 2 )- Nqlk 2 ( - k l - - hq), (5)

where [2]

q (k 2-k 2 7re 2qh 3 -

ký'qk, = m0L Jq, [q 2 + (kJ -k 2 y )21 2 s(OC(Fo +) . (6
From here for Nq >> 1 we obtain the expression for the decrement or increment of the

surface plasmons, y = (1/2)N,- (a Nq, a t).
Suppose that injected electron energy is distributed near some value

Eko = pO /2mo k o /2mo . Then one can present the electron number nk << 1 as

n~ ~~)3 -h2(k,.-ko) _, , • z

nk=no, (27h)e 2mITe 2m7' (7)

(2TcmoT)e,

where nOb = nk /V= Jnk d k/(2n) 3 is the density, T is the temperature of the

electron beam.
Taking into account the conversation lows and the conditions Po/2mo >>»ho),
Po2 /2mo >> T, o,/Vo >> q, we obtain

W 12  8ce2 qhv (8

kqk2  =Lw 3( o+ (8)

0- Oq a• n .At er•
If the condition T >> hcoq is fulfilled one can consider that nk, - nk . After

vya a ky3

integration of equation (5) over the wave vectors k1 and ky2one can obtain the

following expression for the decrement of the surface plasmons:
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(o0qv 2 47T e -2o (¥-yo• (9)

However, the induced radiation processes dominate over the absorption ones under the

condition P 2 /2mo >> ho, >> T. In this case we obtain

y 2n0d f, I kyl, 1,k VII I'n 1 (10O)
h- 3 k- k-

where k k k0 ± o),, /v 0 , - I =.0

This is due to the fact that the probability for the electron to pass to the state with a
smaller energy exceeds the probability to pass to the state with a higher energy. In the

former case the probability is proportional to k. . This mechanism of the instability of

the oscillations takes place at the different inhomogencous solid state structures:
semiconductor superlattice [3]. two-dimensional gas [4], and other [5]. In finding the
increment (1 0) we put

= (2 I) 3 n(,,a(kj6(k, -k,))a(k).

Thus, when a directive electron beam crosses the boundary of a plasmalike media. the

surface plasmons fadc away if the conditions ,2 -/2m0 >> T >> ho), are met (classical

case). However, at low temperatures. fo/2m, >> hao, >> T (quantum case), the

radiation processes begin to dominate over the absorption ones and the surface
oscillations grow up with increment

2o)• qv 0  ( 11)
7 =- /,io•

These processes are very important for the diagnostics of the surface of solids.
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