PLASMA DYNAMICS AND PLASMA WALL INTERACTION
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We describe the development of the plasma lens with dynamic positive space charge for manipulating and focusing
intense beams of negative charge particles. Floating potential spatial distributions in lens with modified magnetic field
are investigated. It is shown that magnitude of magnetic field at the lens cloud area doesn’t impact essentially on
floating potential distributions. Interrelation between the value of floating potential maximum and anode potential value
is demonstrated experimentally. With anode potential growing the efficiency of space charge creation decreases and the
electric field magnitude depends weakly upon anode potential at given pressure in the lens.
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1. INTRODUCTION

The manipulation of negative charged particle beams
is the actual problem in basic science and modern
technologies. Use of the basic plasmaoptics idea [1] for
these applications led to the significant progress in this
field [2]. Since series of effective plasma lens
modifications for positive ion beams focusing was
produced and tested, an axially symmetric electrostatic
plasma lens is a well-explored tool for manipulating and
focusing intense large-area moderate-energy positive
heavy ion beams [3].

As it was shown earlier a plasma lens with a positive
space charge can be a very attractive and efficient device
for focusing of intense negatively charged particle beams
[4,5]. It is possible to create the space charge using both
electrostatic electron insulation and magnetic electron
insulation. But in the last case it is possible to reach a
stronger focusing electric field (up to 600 V/cm against
100 V/em). Such electric field strength is sufficient for
creation of short-focus elements to be used in systems for

Fig. 1. Experimental set-up: 1 — magnetic system;
2 — cathode; 3 — additional magnetic system;
4 — Langmuir probe; 5 — anode; 6 — additional pole pieces

manipulating intense beams of negative ions and
electrons. Here we present the new results of
investigations of the plasma lens that uses magnetic
electron insulation for creation of a positive space charge.

2. EXPERIMENTAL RESULTS

The plasma lens described in [5] was modified to
restrict the influence of the finite magnetic field in the
lens volume on the particles dynamics. We have mounted
additional magnetic system to decrease the magnetic field
near the lens axis. The scheme of experimental set-up is
shown on Fig. 1. In our measurements we use Langmuir
probe with a cylindrical current-collective surface of
0.37 mm in diameter and 5.5 mm in length.

We measured floating potential distributions in the
plasma lens volume using electrostatic voltmeter (Fig. 2).
The new magnetic field (white solid lines) does not
change the floating potential distribution in the modified
lens in comparison with the previous lens modification
[6]. The floating potential maximum is located not at the
axis exactly. This can be explained by the ions transversal
pulse acquired in the strong magnetic field of discharge
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Fig. 2. Floating potential distribution in the plasma lens
volume at pressure 5x10 Torr, discharge voltage
1500 V (white solid lines are magnetic field lines,
black ones — electric equipotential lines)
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Fig. 3. Floating potential profiles normalized to
corresponding anode potential at pressure 5x10° Torr,
z =0, discharge voltage: 1 - 700 V; 2 -850 V;

3-1000 V; 4-1200V; 5-1500 V

Floating potential profiles normalized to the anode
potential are shown on Fig. 3. With discharge voltage
growing, the efficiency of the anode potential transfer to
the space charge potential decreases. At the same time the
average radial electric field and the maximum floating
potential demonstrate quasi-linear dependencies on the
discharge voltage (Fig. 4). We suppose the electric field is
strong enough to create a short focus plasma lens for
negatively charged particles.
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Fig. 4. Average radial electric field (1) and maximum
floating potential (2) in the plasma lens volume vs. anode
potential at pressure 5x10° Torr

We also investigated dynamic characteristics of this
plasma lens. It was established that the space charge cloud
is not stationary in time. Typical oscilloscope traces of the
current in cloud area on grounded probe and discharge
current are shown on Fig.5; here the probe position
corresponds to the maximum floating potential on Fig. 2.
The probe current amplitude has a maximum along
radius; the maximum position coincides with the position
of the floating potential maximum. Discharge current also
demonstrates the periodical signal. With pressure growing
the frequency of the saw-tooth probe current oscillations
increases linearly as shown on Fig. 6.
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Fig. 5. Typical probe current (1) and discharge current
(2) oscilloscope traces at pressure 5x10° Torr,

r =3 mm, z =0, and discharge voltage 1200 V
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Fig. 6. Frequency of saw-tooth probe current oscillations
vs. pressure for different anode potentials
(r=3mm,z=0):1-1000V; 2-1200V; 3-1500V

We have extended our theoretical model [5] taking
into account the ion angular and energy distributions. We
assume that ions angular distribution has a form
N(®)/N(0)~cos(®) ~\where N(®) is an amount of ions
that move at an angle ®; O is in (1, z) plane. Besides we
took into account the magnetic field in the lens. Without
going into details we can note that the results of the PIC-
simulations are in a qualitative accordance with
experimental data.

3. CONCLUSIONS

Thus, in the paper some static and dynamic
characteristics of positive space charge plasma lens with
magnetic insulation of electrons are described. It is shown
that strong electric field, up to 500 V/cm suitable for
focusing high-current negative ion and electron beams are
achieved. It is shown that decreasing of magnetic field at
the lens cloud area doesn’t impact essentially on floating
potential distributions. With anode potential growing the
performance of space charge creation decreases and the
electric field magnitude depends weakly upon anode
potential at given pressure in the lens. Noted oscillations
is inherent for systems of such kind and usually connected
with generation and escape of charged particles.
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YCOBEPIIEHCTBOBAHME ILJTASMEHHOM JIMH3bI C ITOJIOXKUTEJILHBIM
HNPOCTPAHCTBEHHBIM 3APAIOM AJIAA YIIPABJIEHUA CUJIIBHOTOYHBIMHU TYYKAMUA
OTPUIATEJIBHO 3APSKEHHBIX YACTHUI

A.H. loéposeonvckuii, C.I1. /lyneu, A.H. E¢ctoxos, A.A. I'onuapos, B.U. I'ywmeneu, U.B. /lumosxo, E.M. Oxc

IIpencraBneHsl pe3ynbTaThl AajdbHEHIIEr0 pa3sBUTHA IJIa3MEHHOM JMH3BI C JUHAMHUYECKUM MOJIOXKHUTEIbHBIM
MIPOCTPAHCTBEHHBIM 3apsIoM ISl yNPAaBJICHUS CHJIBHOTOYHBIMH IIyYKaMH OTPHLATENBHO 3apsDKEHHBIX YaCTHIIL.
HccnenoBano IMpOCTPaHCTBEHHOE pAcCHpeleNieHHe IIIABAIOLIEr0 MOTEHLUAala B JMH3E€ C M3MEHEHHBIM MAarHUTHBIM
noseM. [TokazaHo, YTO yMEHbIIIEHHE MarHUTHOT'O TOJIsl B 00JIaCTH HAKOIUICHHS 3apsiia He OKas3bIBaeT CYIIECTBEHHOTO
BIIMSHUSI HA paclpeeieHue NOTeHIaNa B 00beMe. DKCIIEpUMEHTAIBHO ITPOIEMOHCTPHUPOBAaHA B3aNMOCBSI3b BETHIHHBI
MaKCHMyMa IUTABAIOUIETO TOTEHIMAla C aHOTHBIM IOTEHIWAIOM B cHucTeMe. OQQPEKTUBHOCTH TpaHC(HOpMAIN
aHOJHOTO MOTEHIMaAa B (POKYyCHUPYIOIIMH MOTEHLIHAN JIMH3BI MaJaeT C POCTOM IIEPBOTO B Mpenenax H3MEPEeHHBIX
JIABIICHUH B 00bEME JINH3BI.

BIOCKOHAJIEHHS TIJIA3MOBOI JITH3M 3 TO3UTUBHUM ITPOCTOPOBUM 3APSIJIOM JIJISA
KEPYBAHHS CUJIBHOCTPYMOBUMU TYYKAMU HEI'ATUBHO 3APS/KEHUX YACTOK

A.M. [looposonscokuii, C.II. /lyneusv, A.M. €sctoxos, O.A. I'onuapos, B.1. I'yuieneuys, 1. B. /Tumoexo, €. M. Oxc

[IpencraBneHo BIOCKOHAIEHHS II1a3MOBOI JIIH3M 3 AWHAMIYHAM TIO3UTHBHHM IIPOCTOPOBUM 3apsiioM 3aiJist
KEepyBaHHS CHJIbHOCTPYMOBHMHM IyYKaMH HETaTHBHO 3aps/KEHUX 4YacTOK. JOCIIIHKEHO ITpOCTOPOBUI PpO3IMOJIi
TUIABAOYOro MOTEHLIaNy B JIH31 31 3MIHEHMM Mar"itTHUM mnojieM. [lokazaHo, 110 3MEHIIEHHS MarHiTHOTO MOJs B
00J1acTi HAKOTIMYEHHS 3apsy HE CIPABIsiE CYTTEBOTO BIUIMBY Ha PO3MOALN MoTeHHianry B 00'emi. ExcriepumenTanbsHoO
MMPOAEMOHCTPOBAHO B3a€MO3B'A30K MiXK 3HAYCHHSM MAKCHMyMY IUIABAIOYOTO MMOTEHIlialy Ta aHOJHUM ITOTEHIIaJIoM B
cucreMi. EcdexTuBHICTE TpaHchoOpMarii aHOAHOTO NMOTEHIiany Y (OKyCyrOUNid MOTEHIal JIH3M Haja€ 31 3pOCTaHHAM
MIEPIIOTO B TOCIKEHUX MEXaxX THCKY B 00'eMi JIiH3H.
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