MASTER

EITERUAL TRAUSWITIAL AUTROR(ZED

X-822

OAK RIDGE NATIONAL LABORATORY

Operated by
UNION CARBIDE NUCLEAR COMPANY
Divisien of Unian Carbide Corperation U R N l

e CENTRAL FILES NUMBER

Past Office Box X
Oaok Ridge, Tennassen

59-3-70
DATE:  March 17, 1959 COPY HO: 3
SUBJECT: Trapping of Energetic Toms by
Neutralization of a Polarized Beam
TO: W. P. Allls and ORNL Sherwood Bteering Committiee
FROM: J. 8. Iues
ORNL Sherwood Steering Committes
£. P2 R. Bell 1l. E. D. Shipley
3. R. A, Charpiedem@lf 12. A. Simon
k. J. L. Fowler 13. A. H. Snell
5. E. Guth 1. J. A. gwartout ’
b. BR. 8. Livingston 15. A. M. Welnberg
{=10. J. 8. Luce 16. Iab. Records (RC)
MOTICE
This document contoing infermation of & preliminary
nature and was prepored primarily for internol vae
at the Ook HIIIF Hationol Laoborotory. 1t is saubject
ta revision or correction and therefore does not I-EL[“E APPROYED
represant o final raport.
BY PATENT Baag
T WBTomasron o wol to e g mIilwl, .i"; !"'jﬁ s“"r _.-)
rprlncad o aibpowrian i oabiie e oo i e
withoct the sn proval af the |. 31 :,-1, :,:I::.::i — gl
Legnl asd hmmun C:m:.ml Do partimsst, /

r'._-_|l =2 .":__ JI,‘




DISCLAIMER

This report was prepared as an account of work sponsored by an
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TRAPPING OF ENERGETIC IORS EY
NEUTRALIZATION OF A POLARIZED BEAM

INTRODUCTION

llacent experiments at the Massschusetts Instltute of Technology have
shown that & positive lon beam with & density exceeding lcﬂ 1mns£¢m3 will
neutralize its space charge by trapping electrons within the beam. Thias
trapping of electrons converts the ion beam to & neutral plasma suiteble
for injection and polarirzation experiments Lin & croas magnetic field. The
ion energy used in these experiments appears to be about 500 volts. The
beam moves readily acrose the magnetic Pleld due te polarization of posi-
tive and negative charges. If at a strategle place polarizatlon could be
stopped, then the ions would be trapped and stored in the magnetic field,
It will be recessary to use higher energy ions with a greater density and
6t{ll have the beam neutralized by trapped electrons to create s "hot"
plasma, If it should prove difficult to trep electrons at higher energy,
1t should be easy to inject them along with the beam at the proper veloeity.
Studies of this system are nov underwey in propulsion experiments,

Bxperimentally, the MIT people have shown that when an epergetic
plasma beam of the type deperibed is allowed to enter a magnetic fleld,
polarization of lons and electrops occurs Lf the denslty of the beam 1s
great enough, When the plasms beam enters the magnetlc field the V x B
force fleld aocte on the lons and electrons bending them in opposite direc-
tions, The result of this charge separation 1s the development of an

electroptatic force which grows in magnitude until it approaches or egquals




the force of the magnetle field. When the two forcea are approximately

equal, then the plasma beam ig free to move unrestralned by the magnetic

a
&

field., The following sketch taken from an MIT report lllustrates the

effect of polarization of such ‘A besm.
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Froposed Trapplng Method
The purpose of this note 1s to show how & polarized plasma beanm may be

trapred in & megnetic fleld if & plasma is present in the magnetic volume.
aln the experiments described above no attempt was made to provide & plasma
for the beam to pass through nor was the energy of the beam enough to do
any appreciable ionisation of the residusl gas in the volume, Consider now
the case when & plasma beam enters a region in & megnetic field that cone
taine A plagma, The V x B force field will as before cause the ions snd

electrons to bend in opposite directions. The electrostatic fileld does not

form, however, eingce it 18 peutralized by the plasma present in the volume,
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In the absenca of 8 sirong competing electrie foree the V X B forpe

-
Will predominate and the charged particles will move into orbitel peths and
be trapped. The sketch below illustrates hov & plasma that is present in a

pegnetic field can oeutraiize a polarized besm that entere 1.
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In an agtual thermoouclear aevice the neutrallzing plaema should have

i1ts greatest density near the center of the system. This plasma could be
formed by vericus means such as PIG discherges, arca, HP Aiacherges, or
perhaps by lonization of the residual gas by the incoaing beam, The polar-
ized beam pasees through the magnstic field until 1t resches a plesms reglon

sufficiantly dense to neutralize 1t at which point 1t is trapped.
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uﬁeutralimatinn of the polarized beam 18 quite similar to the "short
elrcuit" effect postulated by Simon when lons diffuse acrose & magnetic
field. It is likely that very little plasms will be needed tc¢ neutrallze
the beam when a uniform magnetic field 1s used. In fact, penetration of
the beam into the plasma may be quite smsll due to the great conductivity
of & plaspa parallel to magnetic lines of force, 5Th¢ sltuation 1s gquite
different, nowever, when & conteining magnetic fleld is used snd Lhe number
of avallable charges in any area 1s reduced by a decrease in the "short
circuit" effect, Penetrestion of the plesma under conditions of good con=
talnment should be effective. Thus, the most frultful use of a polarized
beam may be to "feed" a thermonuclear plasma.

There are, of course, many varistions to this system. Some obvicus

experiments are listed Iin the attachment.
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SOME POSSIBLE EXPERIMENTS

In & mlrror geometry. With a constant plasma denslty check

trapping rate as mirror ratio is changed,

Injection method for compression studies, Injection could

continue during eptire compression cycle if desired,

Oross beam experiments, For example, one beam down axis of

machine, the other across the magnetic field,

™wo beams from opposite directlons colliding in zenter a ls

Bostick,

Injeotion of sny icn either separately or together, The use

of molecular ions would provide tyo trapping mechanlsms,
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