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INTRODUCTION

The diocotron instability of immersed electron beanms 1,2 is
a serious obstacle in a way of increasing beam density and corres-
pondingly achieving high power level of generated short-wavelength
radiation as well as high ion acceleration rate in such beans.

QUALITATIVE ANAIYSIS

As is well known 174, the instability originates from a
shear in electron drift velocity in cross fields; Selr-electric
field and focusing longitudinal magnetic field. Let us first con-
sider the problem in planar geometry approximation (Fig. 1) re~-
taining however the condition F, =0 at the lower (inner) beam
boundary which is characteristic of cylindrical geometry. The
electron drift velocity with account of self-magnetic field Bo
is equal to

oF, c(Er- ﬁzBo) cE,
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where J = Chgpg)'1/2 is Lorentz-factor. In a beam of homogene-
ous density the drift velocity varies linearly over its cross-
section (Fig. 1).

Let now an additional azimuthal (i.e. in the direction of
the drift motion) force Fe affect a probe particle. The resul-~
tant transverse force F' is shown in Fig. 1 with dashes. Under
its action the probe particle drifts downwards and meets the dec-
reasing force Fr « The drift velocity is also decreasing so that
the effective mass occurs to be negative:
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. e 2 dFr
Barr = Pe/vap = ~( 5 B/ &= <0 (2)
This situation leads to instability if the interaction between
electrons in the azimuthal direction has predominantly charge
character (the case of capacitive impedance in the negative mass
instability theory 1).

On the basis of the conducted analysis one can come to the
following conclusion: if the tramsverse force, responsible for
the drift, increases in the direction of its action, then the
beam can be unstable, provided the interaction has predominantly
charge character, and 1s definitely stable in the case of current-
wisé interaction.

This rule can be easily generalized to the case of cylindri-
cal geometry, in which the shear in angular velocity is essential,
determined by the derivative d/dr(Fr/r). If it is positive, the
beam is liable to instability in the case of capacitive impedance
and stable at inductive one.

METHODS OF STABILIZATION

The above formulated criterion suggests two ways of suppres-
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1) to reverse the sign of effective mass;

2) to alter the sign c¢f impedance (or at least diminish

its value).

One of the proposed methods of the effective mass sign re-
versal is to transmit a current along the central rod 3 and/or
place on it a negative charge 4. To compensate for the self-field
gradient of a thin-wall beam (of thickmess A=r1,Ty & 1) the
transmitted current should be but too high:

To

(B,2)%

I2 I, ’ 3

where Ib and r, are the beam current and outer radius.

Another method consists in partially neutralizing the beam
space-charge with ions. However the ions under the action of the
beam self-electric field move inwards and not only fail to cancel
the velocity shear but even enhance it. Therefore this method is
effective either for so short a pulse beam that the ions do not
displace noticeably over its duration, or in the case of a strong
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magnetic field when ion Larmor radius is small compared to the
beam thickness.

A classical method of reducing the beam impedance is screen-
ing 1, The effect of solid conducting screens (inner and outer
cylinders) has been studied in detail in Ref. [5]. The calcula-
tion showed that in oxrder to suppress the diocotron instability
the screen spacing to the beam surface should be small as compar—
ed with the beam thickness, which makes the screen alignment to-
lerance too close. Besides this, the solid screen can support
axial current, thus reducing the modulated beam longitudinal self-
electric field and making its use for collective ion accelexration
inefficient,

In the relativistic case the impedance may be significantly
reduced or even altered in sign by applying dielectric or aniso-
tropically conducting screens. Since axial current in such screens
is forbidden they attenuate the Coulomb repulsion between the beam
electrons without noticeably changing their interaction as cur-
rents.

The effect of a screen can be characterized with electric
and magnetic field sereening factors. fB and fIJ’ which are wern
in free space and turn into unity for a solid perfectly conduct-
ing screen of +he same inner radius (if an external screen is con~
gidered). For a dielectric tube with dielectric constant & ,
inner and outer radii d and b correspondingly, one can easily
find

2 2 '
fE = (€ °=1)(r°-1) , 1 = 0 , (4)
g2(€+1)%-(g-1)2 '

where g = (b/d)l, 1 is the number of electric field variations
in azimuth. The dependence fE(g) is shown in Fig. 2 for £ =3.7
(quartz glass) and € =7 (window glass).

The screening effect of the tube may be enhanced by applica-
tion of circular conducting strips with step in axial direction
h not surpassing the beam-screen clearance (Fig. 3)e For h 40
the screening factors are fE =1, fM = 0, Let us investigete
this limiting case in more detail. The dispersion equation
of linear theory 2 being properly modified looks as -

(Z,’—DF-B(U&Dnc = 0, (5)

where
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W, = w§/2)2§2 is the diocotron frequency, w? = 4o e%/m is
nonrelativistic beam plasma frequency squared, £) = eBz/mc, 1
is the azimuthal wave number.

Computed from eqs (5)-(7) values of d/ro, which correspond
to the complete suppression of all unstable diocotron modes, are
shown in Fig. 4 as function of the ratio ro/ri with r, and Ty
being the beam outer and inner radii. The curve 1 is calculated
for a solid conducting screen (in this case the effect does not
depend on J ). The curves 2 and 3 are found for anisotropic
screen (fE =1, fy = 0) at the electron relativistic factor valu-
es J =2 and J = 3 respectively.
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Figure 4 shows that at a given value of ro/ri the anisotropic
screen radius d which provides complete suppression of diocot-
ron instability, by far exceeds the radius of solid screen neces-
gary to produce the same effect. This essentially facilitates the



beam transport, riges the degree of instability suppression. It
should be noted that such screens may be placed inside the acce-
leration section since they do not reduce the stre?gth of both
external accelerating and longitudinal self-electric fields.
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Anekcaxun 0.H., Kasava B.H., Ilepenbmreiin D.A. E9-88-464
KauecTBeHHan TEOPDHA HHOKOTPOHHOM
HeyCTONYMBOCTH H MeTOoan €ee nofaBJjieHus

CbopMynmUpPOBaHO mpocToe HeabxoAnMoe yCIIOBHe Pa3BHTHA
AHOKOTPOHHON HeyCTOUWMBOCTH TPyO4aToro 3JIeKTPOHHOrQ mnydka
. B CHNPHOM MNpPOAOINBHOM MArHHTHOM moyie. C ero moMombl aHanu-
'SUPYIOTCA criocobs cTabunusauuM nydka. llokasaHo, 4TO 3KpaHH
PYS NYy4YOK OHIIIEKTPHYECKOH MM aHM3O0TPOMHO-NPOBOJAleH TPY-
60i1, MOXHO IMOJHOCTDBI0 IOAABHTh MHOKOTPOHHYIO HeyCTOUYHBOCTH |

Pa6oTa BuhinosHeHa B OOMEeHHCTHTYTCKOM Hay4YHO-MeToOHYeC-—
KoM oTnene OWAH. :
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Alexahin Yu.I., Kazacha V.I., Perelstein E.A. E9-88-464
A Qualitative Theory of Diocotron Instability
and Methods of its Suppression

A simple necessary condition is formulated of the onset
of the diocotron instability of a hollow electron beam in
a strong longitudinal magnetic field. With its help me-
thods of the beam stabilization are analyzed. It is shown
that the diocotron instability can be completely suppres-

sed by screening the beam with dielectric or wnisotropi
cally conducting tube. :
The investigation has been performed at the Scientifi-
cal-Methodical Division, JINR.
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