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The theorem about a fraction of magnetized electrons, which could reach the cylindrical wall, is generalized for
the case of collisionless plasma lens for focusing of ion beams. Long €electron column is considered. The
electrons are partly noncompensated by ions. It is shown from the conservation of angular momentum that if the
radius of electron column is small in comparison with the distance from the column to the wall then the only small
fraction of electrons from the column could reach the wall.

Introduction

In [1] the theorem about a fraction of electrons,
which could reach the cylindrical wall in collisionless
case , is presented for the case of purely electron
magnetized plasma. In high-current plasma lens for
focusing of ion beams [2] the dynamics of electronsis
similar to their dynamics in purely electron plasma.
The latter is determined by the fact that the electrons
in high-current plasma lens are partly noncompensated
by ions. But the ions strongly influence on electron
behavior in plasma lens. Therefore we generalize this
theorem on the case of high-current plasma lens.
Electron cloud or long electron column is considered
here. It istrapped by longitudinal magnetic field, B,, in
the system of finite radial dimension, R. Conservation
of angular momentum leads to estimation for fraction
of electrons which could reach the cylindrical wall in
radial direction. It is shown that if the radius of
electron column 1, is small in comparison with the
distance from the column to thewall R then the only
small fraction of electrons DNg =ne(R)2pRDR from
the column could reach the wall. Here DR is the
thickness of the hollow cylinder of electrons which
reached the wall. Also it is shown that the fraction of
electrons from the column which could reach the wall
in collisionless case is depended on the difference of
electron and ion densities ne-n;.

Influence of ions on confinement of electronsin
plasma lens

One kind of plasma lens for ion beam focusing
consists of a long electron column. For providing of
good quality focusing the electron column should be
homogeneous in radial direction. For supporting this
required homogeneous state it is important to control
radial electron transport. Note that charged magnetized
plasmaof finiteradia dimension has good confinement
properties. We do not consider the axia confinement
properties. But we worry about the radial confinement.
We use an approximation of an infinitely long electron
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column. The initiadl number of electrons equas
No=nopro>. We suppose that they are distributed
homogeneously in radial direction on dimension r,.
The €electrons are partly neutralized by ions with
homogeneous density  ny. In approximation of
homogeneous radia particle distribution electrons drift
on angle with velocity Vg»2pecr(ne-n)/B, . Here ris
the distance from the column axis, c is the light
velocity. One can use the conservation of angular
momentum P, of electrons and field for estimation of
electron fraction DNgr/N, which could reach the wall.
We consider conditions when DNg/N, issmall. We
neglect by electron collisions with atoms and ions.
Also we neglect by dissipation of electron column due
to electron radiation. We suppose that the hollow
electron cylinder with thickness Dr, density ny(rp)
and small number of electrons DN=np2prpDr has
reached the radius rp. But the radius of remaining
electron cylinder has been decreased from r, to raand
their density became ne. Thus the radial dectric field
equas

E;=-2pednoro’/r , ro<r<R,
E=-2pe(Nolo /1-Noif , [a<I<Io, (1)
E=-2pednyr, r<ry

Here dne=nge-Noi, dna=Nge-Noi.
According to the equation

Vq2/ r=eE/met+ VqWee (2

one can obtain that the electrons drift on angle with
velocity

Vo=(Weel/2)[ 1-(1-2A/ Wee”) 2] (3)

Here we.=eBo/m is the cyclotron frequency of
electron,

A=Wo ToIr% , 1o<I<R,
A=Wps” | 1<rq (4)
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Who =4p€e’dno/Me , Wpa =4pe’dna/me .
The angular momentum for one electron equals

Pge = mrVg + (€/C)rAq (5)
Here A, isthe g component of vector potential. A,
is determined by external magnetic field and by

selfconsistent magnetic field or electron current with
velocity Vg . Initidly Aq equas

Aq2=0=(Bol/2)[ 1-(r*Wpoo /8¢%) (1-(1-2Wpo Wee ) )]
(6)

For final state with two electron cylinder: hollow one
with radius rp and solid onewith radius ro Aq equals

Ag=(Bor/2){ 1-(rPWpao /8¢%)[1-(1-2Wpat/wWee) 1} (7)
Here Wpoo =4p€e°no/Me , Wyao =4pe°ny/me .

For electrons with density ne, distributed in radial

direction from axisto r, the angular momentum equals

Pq = 2p@' dr rne(r)[mrVq + (e/c)rAd] (8)

The conservation of P, can be written asfollow

2p&" dr rPno[mVg + (e/c)Ag]=
=2pQ"™ dr r’nmVq + (e/c)Ag+ 9)
+DNrD(quD + (e/C)AqD)

From (9) one can deriveat r,® O and rp® R for DNg
(is the number of electrons, which could reach the wall
of the system)

DNRr/Ng» (10)
»(Fo2I2RP){ 1+ (116" Whoo/ 12CA)[ 1-(1-2Wpo 2/ Wee?) 2T}

From (10) it follows that the small fraction of
electrons DNgr/N, could reach the wall of the system
for small r, in comparison with R and it depends on
Noe~Noi -
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