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1. INTRODUCTION waveguide. The dispersion equation, which describes
The conventional FEL-devices are based oimteraction of REB with SWS, is obtained. The non-
relativistic electron beams and magnetic undulators. Fiinear stage and excitation efficiency is considered.
wavelength shortening and beam current arising the 2. THE DISPERSION EQUATION
plasma undulator has been proposed. Taking into The axially-symmetric waveguide, formed by
account the recent achievements in high powéwo coaxial ideally conducting cylinders is considered.
generation (e.g. above YOW for the corrugated The inner cylinder is smooth, the external one is
systems) it is alluring to use these intense HF waves esrrugated sinusoidally with a period D. In the
an undulator. Let the additional REB of energy’ync cylindrical system of coordinates ¢rz) waveguide
generates the eigenmode of the slow wave structusarfaces are given as:
(SWS) with frequencyw, and wave numbek;= 2r/D Ry(z)=Ros=const,Ry(z)=Ryy(1+dcos(kz)), k=217D,
which propagates oppositely to the main REB directiofyhere %<F$9(1_5) , —00<z<00, 0<P< 2T, 0<O<<L
The main REB of energy Mg being undulated in the E? s supposed, that waveguide is filed with
i

fields of excited wave (by other words in the fields o moageneous plasma and is placed in a strona maanetic
induced charges) irradiates the other eigenmode wi 9 usp ISP ' g magnet

frequencyw, and wave numbeg,. Using laws of energy field . >>w,, where , is the cyclotron frequency

and momentum conservation and wy, is the electron plasma frequency. Waves of E-
W -0y + 0y, K=k -k
we can obtain the following relation for the frequencgiype (E
of irradiated wave caused by the FEL mechanism: Maxwell equations system together with boundary
W=k (Vi +Vz ) (1+Vv,/c) y,? conditions for tangential component of electrical field
wherev; andv, are the velocities of the additional andon a surface of waveguide and we find the dispersion of
the main REB, respectively. It is evident that for th@lectromagnetic wavesw(4,) proceeding from a

ultrarelativistic case, i.ev; = v, = c it gives a known condition of existence of the non-trivial solution of this
formula: w, = 21e/D 4,2, system, as it was made in [4].

From the other side, the novel kind of SWS with
plasma assistance is being developed now. The vacuum
SWS, which are used in Cherenkov microwave. 1, THE DISPERSION EQUATION OF PLASMA-
generators and amplifiers, have an essential FILLED COAXIAL WAVEGUIDE
shortcoming due to the surface character of a slow As the corrugated waveguide is periodical along
wave. The decreasing of longitudinal field componert-axis, components of electromagnetic field, according
from periphery to system axis causes the fall of th® the Flocke theorem, can be presented as a seriesof
coupling coefficient of the near-axis beam with a slow o s
wave. It leads to decreasing the instability in growtspatial harmonics:F(r,,z)= zAnfn(fD)e """, where
rates. This shortcoming is especially strong in the high ==
frequency range. In the other kind of SWS - =k +kn, Ky is the longitudinal wave number.
homogeneous plasma waveguides [1] - the slow waves . . ' . .
are volumetric and have the maximal Iongitudinafor aX|a!Iy—symmetr|c E-wave _f|e|ds In .the region

. . : . etween internal and external cylinders are:
electrical field at the axis where charged particles move. . .
However, in the non-relativistic region of phase E.(r.z.0) = ZE =S A4,F(k,r) 7,
velocities the plasma waves are quasi-longitudinal, with =
small transversal components of fields, that complicates e
the microwave energy input and output. Hybrid E (.20 = ZEM a
systems, which are promizing in the non-relativistic ":w Cw
region of phase velocities, were offered for the first timey (. . ;= i 7o=-\ ’%u% A, F (ko r) €
in KIPT. They combine the advantages of vacuum and*" =~~~ & % & & e
plasma systems and have no shortcomings marked , 2 s N
above. The hybrid structure uses a plasma waveguide"§¥re 5, =8uu(w Je* =k \n)' £, =1-w, /o,
the beam transition channel of vacuum SWS [2,3]. 19y =41 ¢*/m, is the electron plasma frequenday,
such a structure the beam-plasma interaction plays theé ? ¢ P
determining role in excitation of oscillations, andis the plasma density; € and M, are the charge and
periodic waveguide system is used for power outpUass of electron accordingly,
The coaxial systems have an additional advantage dwe(x_ )= N (k. R, )J, (ks r)=J, (ke Ry, YN, (ke P,
to the presence of a cable mode providing a wide
frequency band. Fu(keor) = No (K Rog)

In this vyork we investigate the; first st_age of thele(anr)_JO(anRO_\)Nl(anr); J,.J,.N,,N, are
problem considered, namely the interaction of the
electron beam with the plasma-filled coaxial corrugate‘cxjy

..E..H,) are considered. We solve the

n=—0c0

ko,

n=—co

On

lindrical Bessel and Nejmann functions.



The boundary condition on corrugated surface aif a thin beam allowed us to "extract" beam component
waveguide can be written in components of electricdfom arguments of cylindrical functions, where it would
field £, and £, in the following form: enter in the case of REB with final thickness [4]. This
E (R(, (z))+E,(R (’z))ﬂg(e(z)):o, ) eliminates set of beam harmonics appearing in case of
s T beam with final thickness whenw - k ,v,, and

d . T
where g6 = 4o R = 70k Ry, sin(kyz) Substituting - gjmpiifies the analysis of resullts.

fields (1) into (2) after appropriate transformations we 3. EXCITATION EFFICIENCY

received the following infinite system of algebraic _ The linear stage of interaction of electronic beam
equations for4, : with a synchronous wave of corrugated coaxial line

continues until non-linear processes of multi-mode
interactions appear - disintegrations, modulation

[ n

=3

MZ_WA”C”’”(M’/@ =0 sm<e, ®) instability etc. They redistribute microwave power of a

L o O &k hln-mD grovyi_ng synchronous wave across a spe_ctru_m and that
C (k)= — Fo[fn(z)] ko (nmm)z g DIJ,%D stablhz_es level of gxcned microwave oscnla_nor!s. The
D _J/z 8 ko, g essential mechanism of instability stabilization of

) microwave oscillations build-up, which is dominating,
_ is the beam trapping in a field of the main synchronous

where f"(z)=kD"R°g(]+6R°S(k°Z))' The system (3) wave (non-linearity of "wave - particle" type) [7].
has the non-trivial solution, only if its determinant isGrowth rate of this wave was determined in the linear
equal to zero. It defines the required dispersiotheory. In this case [7] the saturation takes place when

equation: growth rate Im(w) is comparable with frequencg of
det H C| = 0. (5) trapped oscillations of beam particles in the wave field:
2.2. THE DISPERSION EQUATION FOR Im(w) =Q, (9)
STRUCTURE WITH A BEAM ¢E__ k . _
Let the axially-symmetric tubular infinitely thin where Q= |—==:2_ E_.  is the saturation

3
monoenergetic electronic beam propagates along the e

system axis. Beam density,(r) :[1/2“9";,&]5(?—&), amplitude of the longitudinal component of electrical

where v,, I, R, are velocity of particles, current andfleld intensity. From (9) it follows:

_ . e [im@)]’ my;
radius of beam, respectively. We consider fields in two E.. O——=—" (10)
regions: | - between an internal cylinder surface and ek,
beam, Il - between beam and external corrugatélthe received expressions allow to estimate efficiency of
cylinder surface. The boundary conditions on beam faxcitation of microwave fields in the structure under
fields E, and E, are: consideration. The efficiency of generation was defined
. as the ratio of a microwave power flow to a flow of
2iek,IE, : . L
[rE,.]=ﬁ 6 electronic beam particles kinetic energy through the
my,Y; 0=k, ) 6) waveguide cross section. To calculate the microwave
[Ez]:O, power flow the eigenwaves of coaxial corrugated

where [f] Ef(R,, +0)‘f(Rh —0), y, is the relativistic waveguide without beam were taken as:
EZ ZEZ)_ :E: =4° Dro(ku()]') @l(l\]z—w’)’

factor of beam. In the region 1 field can be presented in (11)
the form (1). In the region 2 we have: e W o IR  Cy Bkgr) ue B ieon
= (K, ) H¢ ISDDCA @D kDU CUl le ¢ Ej} ’
Ezz(”z”):M:ZOA"[X"J“(kD‘r)+y"N"(kD")] e (7) i.e. it was supposed, that the basic contribution to a
i ° ek, 0y o longitudinal electrical field gives the harmonics with
Erzn==3 4=y ARSI A number 0, and the power flow is determined by fields of

We matched fields from regions | and Il on théwarmonics with numbers 0 and -1. As a result the

boundary =R, taking into account boundary following expression for efficziency vl/as obtained:
conditions (6) and satisfying boundary conditions (2) on n =Yem Ys d?ﬂilm(w)] x

corrugated waveguide surface. Similarly to the case D e Y, ~1kc'F (kR,) (12)
with no beam we obtained the dispersion equation in the »  Rog(+5costioz) 2
form (5) with the only difference, thak, [f (z)] in (4) xIdz J dr &
should be replaced by: 0 0s

F(kegyr) _ Coy Fkgyr) ooz
kpy Coot ko

T,(z, k,, @ n) = Go(anaRo,ng(Z))_ whereyv, is the group velocity of wave.
Results of investigations of influence of various
2ek IG, (k. , R, ,R,) Gy\ko, R, R (z 8
_ 2eks, 16y e b‘) 0 (i" ’ g())) ® parameters of electron beam - SWS system on the
me"szRb%m(“’_lﬂ \nvb)z G \kes Ry R, efficiency value are presented below. For calculation of
where w, K3 and Im@) the dispersion equation, taking into

G, ke R R )= No ko, R M, (i, R )= Jo o, RN, (ki R ) account only harmonics with numbers 0 and -1, was

) ) ) taken. The beam current was equal to 4045 10cm ,
It is easy to notice, that whehn - 0 function R, =2cm, R, =4cm, R,=3cm, &=01. The

T,(z,k;,yn) turns into functionf, [f" (z)]. The choice



frequencye, appropriate to the wave number k3 of a  with growth of Y, for vacuum case and for all plasma

maximum of growth rate of the instability lo(in case _cases excepn,, 1 increases reaching the maximal
with no beam, was substituted into expression (30). The '
calculations were carried out for a case of vacuuwalue withy, =1,67 and then decreases with =2,29.

structure, and also for the following values of plasma This work was partly supported by STCU Project
density: N ,=1,3683-1¢ cm®, n ,=2.2619-1¢ cm®,  No. 365.
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