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We describe a new approach for creation an effective, low-cost, low-maintenance axially symmetric plasma optical
tools for focusing and manipulating high-current beams of negatively charged particles, electrons and negative ions.
This approach is based on fundamental plasma optical concept of magnetic insulation of electrons and non-magnetized
positive ions providing creation of controlled uncompensated cloud of the space charge. The axially symmetric
electrostatic plasma optical lens is well-known and well developed tool where this concept is used successfully. This
provides control and focusing high-current positive ion beams in wide range of parameters. Here for the first time we
present optimistic experimental results describing the application of an idea of magnetic insulation of electrons for
generation of the stable cloud of positive space charge by focusing onto axis the converging stream of heavy ions
produced by circular accelerator with closed electron drift. The estimations of a maximal concentration of

uncompensated cloud of positive ions are also made.
PACS: 52.59.-f, 52.40.M;j

1. INTRODUCTION

It is known that the problem of manipulating intense
beams of charged particles retains its actuality already for
many years. An idea of the space charge use for that
purpose [1] expressed for the first time by Gabor at the
beginning of the past century appeared to be very
favorable. Plasma-optical principles of introducing spatial
epithermal E-fields in the plasma medium of intense ion
beam proposed a bit later by A.l. Morozov on a basis of
idea of magnetic isolation of electrons resulted in
essential progress in the problems of focusing and
manipulating of high-current beams of positive ions
including those of heavy ions possessing current values in
a range of amperes [2]. Progress in creation of the new
materials enables the present development and
construction of electrostatic plasma lenses with
predetermined focusing features on a basis of permanent
magnets.

Recent achievements in a creation of negative ion
sources raise a problem of development of focusing
devices capable of manipulating intense negative ion
beams. Proposed for the first time plasma lens with
positive space charge is based on the idea of electrostatic
isolation of electrons [3].

Unlike that case, in the present work the possibility of
use of the devices with magnetic isolation of electrons for
creation of dynamic cloud of positive space charge is
studied experimentally. The work presents the results of
preliminary researches of potential distribution in non-
compensated ion flow which converges onto axis of
symmetry of the system. Presence of the potential
maximum at the center of such system, and dependence of
formation of the potential distribution on a pressure in the
chamber and accelerating potential at the system anode
are demonstrated.

2. EXPERIMENTAL SETUP

In the present work toroidal plasma accelerator with
anode layer (ALA) was used as a device with magnetic
isolation of electrons for creation of dynamic cloud of
positive space charge. Beam of positively charged argon

ions formed by the device converged in the system center
whereas electrons were magnetized in the anode layer.
Schematic diagram of experimental setup is shown in
Fig.1.

ALA was placed in vacuum chamber. Cathode of the
source was grounded, and DC voltage in a range of
0...2000 V was supplied from power source to the anode.
System of permanent magnets 3 formed the field ~ 0,05 T
in the interelectrode gap. Argon with working pressure
range of 3x107...3x107 Torr was used as plasma
generating medium. For measurement of floating
potential, Langmuire probe (5) and electrostatic volt- and
kilovoltmeter of C50 type were used. The system of the
probe mount allowed it positioning in any point at the
plane parallel to the system axis and passing through it.
Langmuire probe was assembled in a common way with
sensitive part having 347 um diameter and 4,5 mm
length.

Fig.1. Schematic diagram of the setup.
1 —ALA, 2 — cathode, 3 — magnetic system,
4 —anode, 5 — Langmuire probe
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3. EXPERIMENTAL RESULTS

Measurements of floating potential at the system axis
performed for different operating parameters of the source
enabled determination of optimum conditions for
accomplishing of the experiments: the pressure of order of
5%x10” Torr and the voltage of 1 kV. Typical distributions
of floating potential along Z and R axis at different
parameters of the system are presented in Figs. 2-3.
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Fig.2. Floating potential at Z axis for supply
voltage Ud=1 kV, r=0 at different pressure values:
1-3x%10° Torr; 2—5x107 Torr; 3—7x107 Torr;
4—1x107* Torr; 5—2x10" Torr; 6 — 4x10™ Torr
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Fig.3. Floating potential at z = 0, p = 5x10” Torr
for different discharge voltage values:
1—500V;2 - 1000V;3— 1500V;4— 2000V

Map of spatial distribution of floating potential is shown
in Fig.4 One can see that the potential distribution has
complex shape. Maximum of the potential occurs in
cylindrical region coaxial with the system axis rather than
at that axis.

Fig. 4. Floating potential distribution in the system
(p =5%10" Torr, Ud = 1000 V)

Results of the measurements of ion current onto the
probe in the system center are shown in Fig.5. One can
see that the current obeys the rule of ballistic focusing

1(r) ~1/r excluding region of the system center.
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Fig.5. lon current in radial plane
(z =0, p =5%x10" Torr, Ud = 1000 V):
1 — experiment;
2 — estimation curve Id = 1,8/r (uA)

4. THEORETICAL ESTIMATIONS

An estimation of equilibrium ion concentration #; in
the space charge cloud formed by the ion flow converging
to the axis is possible if one would assume that the ions
come into cylindrical volume separated at the system axis
due to the beam from ALA channel, and leave along Z
axis due to action of electric field of their own space
charge. Then the equality is valid

. en.

ji2rnrh=—Lrr’h,
Tl

where j; is beam current density at the boundary of

current-collecting surface with radius » and height /4, and

7;is mean time of ion residence in the cloud
2j7,

n, o

Ion residence time in a region with typical dimension
r>>h can be estimated if one knows velocity of this ion.
With simplifying assumption of the uniform distribution
of ions in the cylinder, ions slip down from parabolic
hump of the potential having a fall of dp. Then their mean
energy equals 1/3 do.

From equation for
coordinate, we obtain

the potential, neglecting r
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Taking d@ =400—500V we can derive:

i |3M _
nf/z = Ji —n, =5-10"cm™.
re
5. CONCLUSIONS
Accomplished researches have shown principal

possibility of the use of cylindrical accelerator with anode
layer, which forms positive ion flow converging onto the
axis, for creation of positive charge cloud. It enables
possibility of development of plasma lens with essentially
undercompensated positive space charge, which will be

Electric field value, which can reach 600 V/cm,
realized under experimental conditions of such system is
determined. Such electric field strength is sufficient for
creation of short-focus focusing elements to be used in the
systems for producing intense beams of negatively
charged particles, negative ions and electrons.
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useful for focusing and manipulating the beams of
negatively charged particles.

Dimensions of positive charge cloud formed at the
axis, and steady state of the cloud depending on plasma-
dynamics parameters of the system are determined
experimentally.

It is defined by the experiment that ion flow dynamics
at radial axis of the device follows the rule of ballistic

focusing. Article received 22.09.08

0 BO3MOKHOCTH CO3JAHUS OBJAKA NOJIOKHUTE/IBHOI'O IPOCTPAHCTBEHHOI'O
3APSIJIA B CUCTEME C MATHUTHOU U30JISIHUEUN DJIEKTPOHOB

A.A. I'onuapos, A.H. /loopoeonsvckuii, C.IL. /lyney, A.H. E¢ctoxkos, H.M. Ilpoyenko

OnucaH HOBBIH MOJXOJ K CO3AaHHUIO 3(P(EKTUBHBIX, HEJOPOTUX aKCHAIbHO-CUMMETPHYHBIX IIa3MO-ONTHYECKUX
npuOopoB U1 (QOKYCUPOBKM M YNPaBICHUS CHIBHOTOUHBIMHM ITyYKaMH OTPHLATEIBHO 3apSDKEHHBIX YacCTHIL:
JIEKTPOHOB W OTPHUIATENBHBIX HOHOB. DTOT IOJXOJ OCHOBaH Ha (yHIAaMEHTAJIbHOW IUIA3MOONTHUYECKOH wniee
WCIIONIb30BAHUST MAarHUTHOW H3OJISIIMU BJICKTPOHOB M HE3aMarHMYCHHOCTH HWOHOB JUIS CO3/aHHS KOHTPOJIMPYEMOTO
HECKOMITEHCHPOBAHHOTO 3JIEKTPOHHOTO O0JIaKa MPOCTPAHCTBEHHOTO 3apsaa. [IpuMepoM MMpPOKO pacrpocTpaHEHHOTO
U JETalbHO Pa3pabOTaHHOTO YCTPOWCTBA, T OMHCAHHAS WAES YCIEIIHO HCIOIb3YEeTCs, MOXKET ObITh aKCHAJIbHO-
CHMMETpHYHAsl 3JIEKTPOCTaTHYeCKass Ia3MeHHas muH3a. OHa TO3BOMSET KOHTPONUPOBATh U (OKYCHPOBATH
CHJIBHOTOYHBIH TTOJIOKUTENBHBIHN ITy4OK HOHOB B IIMPOKOM AMAIa3oHe MapameTpoB. B pabore BHepBbie MpeaCcTaBICHbI
ONTUMHUCTUYHbIE AKCIEPHUMEHTAJIbHBIE pE3yJIbTaThl, OMHUCHIBAIOIINE TPHUMEHEHHE HIEed MAarHUTHONH H30JIALUU
3IIEKTPOHOB AJISI CO3JaHMs CTAaOMIBHOTO 00JIaKa IOJIOKUTENBHOTO IIPOCTPAHCTBEHHOTO 3apa/a MyTeM (OKYCHPOBKH Ha
OCh CXOJSIIErOCs] MOTOKa TSHKEIbIX HOHOB, MOCTABISIEMBIX TOPOHMIAIBHBIM YCKOPHTENIEM C 3aMKHYTBIM Jpeidom
9MeKTpoHOB. CrenaHbl OIEHKM MAaKCUMajbHOW KOHLIEHTPAMM HMOHOB B 00JlaKe HECKOMIIEHCHPOBAaHHOTO
HOJIOKUTEIBHOTO 3apsja.

O MOXKJIUBOCTI CTBOPEHHS XMAPHU ITO3UTUBHOI'O ITPOCTOPOBOI'O 3APANY B CUCTEMI
3 MATHITHOIO 130JI10I€10 EJIEKTPOHIB

O.A. I'onuapos, A.M. /looposonvcokuii, C.IL. /Jyneysv, A.M. Eecrokos, .M. IlIpouenko

3anponoHOBAaHO HOBUH MiAXi A0 CTBOpEHHS €QEKTUBHUX, HEIOPOTHUX AaKCiaTbHO-CUMETPUYHHX ILIa3MOBO-
ONTHYHUX NpWIAAiB A1 (GOKYyCyBaHHS Ta KEpYBaHHS CHIIBHOCTPYMOBHMH ITyYKaMH HETaTUBHO 3apsAIKEHHX YacTOK:
CJIEKTPOHIB Ta HeraTuBHHMX 10HIB. lleW minxin Oa3yerbess Ha (GyHAAMEHTaNbHIM IIa3MOONTHYHIN inel mioao
BUKOPHCTAaHHS MarHiTHOT i30J1s11ii €JeKTPOHIB Ta HE3aMarHMYSHHOCTI 10HIB Y CTBOPEHHI KEPOBaHOT HECKOMIIEHCOBAHOT
€JIEKTPOHHOT XMapH IMPOCTOPOBOrO 3apsiny. [IpHKIanoM HIMPOKO BXKMBAHOTO Ta J00pe PO3BHHYTOTO MpWIIALY, i€
3a3HaueHa iJiesl YCHIIIHO BUKOPHUCTOBYETHCS, MOKE OYTH aKCHaJlbHO-CUMETPHYHA €JIEKTPOCTaTHYHA ILIa3MOBa JIiH3A.
Bona 103BojsIe KOHTpOJIOBAaTH Ta (POKYCyBaTH CHIBHOCTPYMOBI IO3MTHBHI MYYKH IOHIB B IIMPOKOMY Jliara3oHi
napamerpiB. B po0OoTi HaBeneHO ONTHUMICTHYHI €KCIIEPUMEHTANbHI PEe3yJbTaTH, IO OMHCYIOTh 3aCTOCYBaHHS inel
MarHiTHO! i30JIALil eNeKTPOHIB JUIi CTBOPEHHS CTabLIPHOI XMapH IO3MTHBHOTO NPOCTOPOBOTO 3apsiay LULIXOM
(boKycyBaHHS Ha BICh IOTOKY Ba)KKHX 10HIB, SIKi TEHEPYIOTHCS TOPOINAIBHAM MPHUCKOPIOBAYEM 3 3aMKHEHHM Jpeiipom
€JIEKTPOHIB. 3pO0JICHO OLIIHKM MaKCUMaJIbHOI KOHIIEHTpAIlii i0HIB B XMapi HECKOMIIEHCOBAHOTO TIO3UTUBHOTO 3apsy.
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