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Abstract

The electrostatic interaction of a relativistic electron
ring with the ions contained in it leads to instability
under certain conditions, as is well known. Since there
are always different ion species present in the ring, the
influence of the lon mixture on the instability is in-
vestigated in this paper. A dispersion equation is derived
in which, besides the interaction of the electrons with

one ion species, both the collective interaction of the
electrons with a second ion species and the collective
interaction between the two ion species are taken into
account. As solutions of these equations show, no excessive
enhancement or suppression of the instability nor an
appreciable displacement of the region of instability due
to the additional interaction takes place. For sufficiently
small fractional ion loading the region of instability
splits into two regions corresponding to the separate inter-
actions of each ilon species with the electrons.




The instability of an electron ring arising from its

interaction with ions contained in it was treated in

1)2)3) 4)

several papers theoretically and experimentally ’.
In Ref. 5 the additional focussing effects which result
from cylindrical structures like a "squirrel cage" in-
side or outside the ring were included in the theory. The
present treatment extends this theory to the interaction
of the electron ring with two kinds of ions. This same
question was dealt with by Nikolaeva and Koshkarev 6).
In their paper, however, the interaction among the ions
was neglected. Their treatment is therefore valid only for
small fractional ion loading. Furthermore the magnetic
field effect on the ion motion is neglected there which
becomes important for the radial instability when the

resonance frequencies become very small.

Derivation of the dispersion equation

The equations of radial motions for the electrons and

the two kinds of ions are
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where e Ty and r, are collective radial displacements
and &, is the electron revolution frequency. The gq's
can be written in analogy to Ref. 5:
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corresponding axial half width

o’
i

P = (a +b) /2

f 1,2 = 21,2 . Nl,2 / Ne = fractional ion loadings

The coefficients (2) are valid only in the limit of small
curvature of the ring as well as the walls . A better
approximation done by I. Hofmann 7) contains also terms
proportiaonal too%— . We thought,however, that for our pur-
pose the simpler B coefficients (2) are good enough.

The set of equations (1) is solved as usual by the assump-
tion

ra ~ e[t mye o]

where m ist the azimuthal mode number, the azimuthal
position of the particles taken as being constant for

the ions and t for the electrons so that
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The equations (1) are reduced to a system of three linear

homogenous equations for e 1.2 (with U =0/ &, ).
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Equations (3) have a nonzero solution only if the determinant

of the coefficients of r is zero.
e,1,2

This leads to the following sixth order equation in UV :
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A program was written which determines whether all six
roots of this equation are real or not and which calcu-

lates the highest growth rate in case of complex roots.

Influence of ion mixtures on the instability

In the following we want to get an answer to our main
question: Does the mixture of different ion species
damp the instability or not? Therefore the growth rate
of the instability is calculated for various conditions.
The presentation of the data is similar to LASLETT's 8):
The quantities for the electron ring are kept constant
(and taken as they are typically measured in the Gar-

ching SCHUKO electron ring experiment) :

12
Ne = 5-10 Jr'

27 R =2,3 cm

a = 0,3 cm b =0,3 cm = 1,55 cm

RSqui
The growth rate is determined in a plane of the two para-
meters: field index n and sum of the two ion loadings
f = fl + f2. Like in the more usual Ql - Qi - diagrams
there is a cusp of the instability area in the f - n-
plane for f£-»0. The n-value of this cusp was given by

LASLETT 8):

(4)
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Tab. 1 a,b,c present this critical n-value for three
different cases of electron ring quality as a function of
the ion mass and the radius of the "squirrel cage". Accor-
ding to Tab. 1 a,b,c it would be possible to avoid the
instability by shifting this cusp to negative n-values
which is done by using heavy ions and a strong squirrel
cage action.

The following tables show the unstable parameter areas in

the f-n-plane. The upper halves of the tables give the real
part of the complex frequency (or a zero if all solutions

of equations 3 are real), the lower halves give the imaginary
part. In case of more than one pair of complex conjugate
solutions the most unstable case is selected. The critical
field index n, as calculated from equation 5 is indicated

at the bottom of each table. In both halves of the tables

not the values of the frequencies themselves but their
logarithms are printed out according to the relation

Printed value = INTEGER (100 + 10 lg (CJr i/ L) o) o

To see whether the ion mixture reduces the growth of the
instability it is thought of as a gedanken experiment:
Without changing any other parameters the field index n
is changed at a constant rate. As a relative measure for
the total amplitude growth when the eusp is crossed we
use the approximate expression AtxZaﬁ}n)ocg k)i(t)dt
althoucgh this applies only under rather stringent con-
ditions (sufficiently small values of abr, obi and
sufficiently constant ratios of rl/re and rz/re). To

get the above expression the imaginary parts are summed
up in horizontal rows of these tables, multiplied with
the step width A n and printed in the last colums, also in
a logarithmic form as above.



We choose three examples:

1. A mixture of N+ and N; to see if something extraordinary
might happen when different kinds of ions of the same
gas are present (Tab. 2a,b,c, and 3a,b,c). This corres-
ponds to the situation in a "waiting room" with different
ionization states of the same ions.

2. A mixture 14N+ and 16O+ to see a possible stabilizing
effect of similar charge to mass ratios (Tab. 4a,b,c,

and 5a,b,c).

16O+ to see whether harmonic

3. A mixture of lH+ and
resonances occur between the ions (Tab. 6a,b,c,

and 7a,b,c).
Discussion

The comparison of the tables for single species and

their mixtures shows no stabilizing effect of the mixing
of masses. In order to clarify this point further some
selected data of Tab. 2 to 7 are collected to Tab. 8 where
some numbers for the growth of the instability are re-
written. Tab. 8 clearly shows that the mixture of different
ions does not stabilize the electron=zion ring against the
10). The table shows that the insta-
bility growth is the bigger the lighter the ions (compared
for same fractional loading). For a loading of 2% for
example the growth for ' ions is about 5 times the growth
for N; ions, and about twice the growth for He’ ions. So

dipole instability

a method to make the instability less dangerous would be
the use of heavier ions. This is the same conclusion as
drawn above concerning the position of the critical field
index. The use of heavy ions (or better: ions with a small

charge to mass ratio) is impractical,however, because of




the limited holding power of the ring during acceleration.
The increase of the ring quality seems therefore necessary

not only for a higher holding power but also for suppression
of the electron ion resonances.
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Formula (A-83b) in Ref. 5

L.J. LASLETT came to a similar resuit:

that the resonances arising, in the region of small
ion loading, may be rather precisely accounted for

by the superposition of resonant regions obtained by
considering just one ion species to be present at
one time. '
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Tab.8: GROWTH OF INSTABILITY Comparison of selected data
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