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Introduction

This paper presents several features of beam-physics

research carried out at Physics International over the last

twe years. The goal of’ prev1ous work has ‘been that of eff1c1ent—
ly propagatlng mullmegampere relat1v13t1c electron beams . over

2 .
several meters, and concentrating the energy of such 10l W sources

in small volumes. ~Quite récently the work has been directed

toward the acceleration of background gas ions through the
beam-plasma interaction. Initial experiments to.determ;ne the'
time dependence, charge state, and momentum distribution of*
accelerated ions have been carried out (Reference 1), but the -

actual mechanism of acceleration is still a subject of con-

~ tention (References 2 to 5).' This report will focus’ prlmarlly‘

on beam transport.

Until early this year our work has utilized machines

which consist 6f 0il dielectric, coaxial transmission lines

with an impedance range of 6 to 80 (Reference 6). The trans-

mission line is switched into a field emission dio@e whose

‘impedance can be varied in the range of 1 to 8%. Typical beam

parameters are 200- keV to l MeV mean electron energy; 100 to

- 200-kA peak current, and 50-nsec pulse duration (full width

at half maximum), which gives a.range of v/y , I (amps)/17 000 . By,
from roughly 1.0 to 10.0. Within the last few. months we have '

begun to explore the problems of handllng beams in the megampere

'range using 0.1 to 0.259 mylar—strlp-transmlsslon lines and low

inductance diodes (Reference 7). Only the results of. our work.
in the v/yf~10 range, which have partlally appeared in ‘the open
llterature (Reference 8), are summarlzed here. ' b
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Diagnostics

Drift chamber dlagnostlcs 1nclude segmented graphite and
.thln -foil depth-dose calorlmeters, wall-current shunts, and Rogowsk1
coils. Faraday Cups were also used to measure the prlmary
. current at_varlous dlstances_and a scintillator- photodlode to
measure the time—of-flight of the beam. Dlode dlagnostlcs have
-‘1ncluded voltage and current monitors to g1ve the spectrum of _"
electrons 1njected into the drift region. Initial observatlons
1nvolved open~shutter photography to determlne general features_'

of beam propagatlon and magnetic probes to determlne the net

' current.

Discussion

It was discovered early in our work that the value of u/y,_,'
based on the net current, had to be less than one for the beam
" to propagate without undergding rapid turn around in a 1arge
chamber within a few centimeters of the anode. In this way our
- first qualltatlve confirmation of the Lawson critical current re-.
sulted. We have shown since then that by using a guide. pipe the
size of the,beam, wall.stablllzatlon occurs, and the beam does

[ S propagate,'although beam front erosion is quite severe;' It was '
a ‘ obviocus that current neutrallzatlon was necessary to propagate '

N _ © beams over any sizable dlstance.

The problem of very hlgh v/y beams propagatlng 1nto a
neutral background gas is a coupled phenomenon of beam dynamlcs,
_'electromagnetlc flelds, and plasma propertles., This problem
‘gw1ll be discussed by breaklng it down into each of these com—.

'ponent parts.

:First con51der a. sub-MeV, several hundred thousand ampere
" beam propagatlng into a chamber fllled with nltrogen in the 1-
Torr range. There is roughly a 2-nsec delay before colllslonal
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ionization can: build up sufficient ion density to allow forward
propagation of the beam. Prior to this force neutrallzatlon,
the beam blows up radially 1n ‘fields of order of 1 to 10 MeV/cm.

Force neutralization occurs when the ratio of ion to electron

"den51t1es 1s egual to l/Y and the beam can then propagate in

the forward direction. - After this time, but before the fields
can substantially change the background gas properties, the net
current is equal to. the primary cutrent and the electric field
.isrlongitudinal and governed by d4dI/dt. The_dimensicns of the

region over which this electric field exists, and the ratio of

the voltage drop across this region to the kinetic energy of

tne electrons, will govern the degree of perturbation of

thelr velocity. In particular, we have measured values of

dI/dt of the order of 2 x 1012 amps/sec, giving fields of 200.
k :V/meter. Measurements of the actual values of dI/dt as a .
function of transport distance have been used to calculate the

rate of energy loss, and this compares very well with beam

”front ve1001ty.

The second point to note is that fields of this magnitude

a formative time that depends on the colllslon tlme of the
secondaries with the background gas atoms. Thls formative time
has been measured by other workers in pulsed low~pressure -
avalanche experiments (Reference 9), and we have been able to _
use these date to predict the current neutralization phenmena in
a1r and other gases such as argon and helium (Reference 10).
Measurements in these gases have agreed with our predicitions.

avalanche occurs, the conduct1v1ty of the background - gas rises

the conduct1v1ty is large after breakdown, then the degree of

" will accelerate the secondary electrons and cause avalanche w1th'

Once

‘rapidly, allowing the longitudinal electric field to be shorted
-~ out by the plasmarcurrent.t If the gas breaks down rapldly and
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current neutralization is large. On the other hand, if'break—
down occurs late in the pulse or if the conductivity after break-
down is small, the degree of current neutralization is small.

We see, addltlonally, that after breakdown, the electrlc field
.lS governed by the diffusion of the magnetic field in the con-.
ducting plasma and will be con51derably smaller than 1t was prior
 to breakdown. Electrons within the body of the beam will
'propagate with almost constant velocity. The actual drifte _
velocity of these. electrons is governed by the value of (v/y) ot
‘and would be some fraction of the 1n1t1al g because of thelr

transverse motion in the net magnetic fleld (Reference 11).

‘Within the body of the beam there will be little work done
on electrons and that portion of the beam will propagate
efficiently if the value of (v/y) . 1s consistant with the _
transverse energy initially contalned within the beam; . that 1s,.'
for the beam to propagate without energy loss to the walls there
must be a radial balance of magnetic pressure and kinetic pressure
of the electrons. Unfortunately this balance is impossible if
any current neutralizatien occurs because the value of (v/y)
in the diode can be gquite large (>10}, allowing the transverse
.energy to be a considerable fraction of total energy. With
current neutralization, this transverse energy will be lost to
the walls. As a result, one finds that if the drift-chamber
pressure is sufficiently low to prevent rapid bulldup of plasma
conductivity, then the return current will flow in the walls
rather than in the plasma, causing magnetic repulsron of the
‘beam, and energy loss will only occur because of beam-front
‘erosion. On the other hand, at pressures in the range of 1 Torr,
breakdown occurs quite rapldly and beam front erosion is mlnlmal
However, here the net current is too low to provide for con-
'talnment of the transverse energy components and agaln the beam

propagates with dlmlnlshed eff1c1ency.



PIIR~-8-70

The prospects for solving the problem of pr0pagat1ng very .
_hlgh v/Y beams rely on providing a means to both ellmlnate beam
front erosion and contain transverse energy components. We
have suggested that both can be achieved by 1n3ect1ng the beam
into a high-current llnear pinch. We are presently=engaged in
developing the technigque. | B
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