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ABSTRACT
Single particle motion of relatiV£stic eléctrons in cusp magnetic

fields has been studied enalytically and numerically to evaluate some
aspects of this approach to beam transport and trapping in inertial
_confinement schemes. It is found that angular momentum is a serious
problem, and that at least one mirror lossAcone exists for any initial
injection conditions. SPeculartand"randomizing refiectiPns are
investigated. It is found that-éhafge'and current neutral injection into
& cusp will not pfovide good.energy'depoéition for iarge‘aépect_ratios
(injection radius/target radius). FExperimental results reportedﬁtd'date
are analyzed using'the information obtained from this théoreticél study.
The aspect ratio was small enéugh thatrangular momentum limits‘were not
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THEORETICAL CONSIDERATIONS OF MAGNETIC CUSPS
FOR ELECTRON-BEAM FUSION SYSTEMS

Thomas P. Wright
Plasma Theory Division - 524l

A. Description of Cusp Magnetic Field

“A cusp magnetic field is generaﬁed‘by coaxially arrenging two coils
of equal radiu;lrc at axial positions izc, carrying equel and opposite
currents. There is cylindrical symmetry, with magnetic field components
Br and BZ which can be der;ved from a'vector‘fotentialt

. b T r \1/2 [ A ]
.A¢(r,z) = —T‘j— <T°> _ k—l"‘L - ?““ K(k,) - E(k,) |
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with I the magnitude of the current flowing in one coil,

[y

I rr
X ¢

1

K

and the functions K and E are complete elliptic integrals of.the first
and second kind. Constant magnetic flux surfaces (z:A.¢ = constant) are
shown in Fig. 1 fof a nominal 1 m configuration, where the z-axis is

the axis of revolution. The position of the cusp coils are at r = .81 m,
z = -,81 m (designated by ane to indicate current flowing out of the page)
and at z = .81 m (designated by an x to indicate current flowing into the
page). The sign convention on the current flow is chosen to méke

Bz B 0 for z Z 0, respectively. .Figure 2.shows coﬁtours of conétant Bz,.
which reverses sign across the z = O.plane, aﬁd constant Bi contours

are shown in Fig. 3. Since B va%isgés-uq the z-axis and B venishes

on the z = 0 plane; the only fieid free region in the cusﬁ is at the
origin (r = 0, z = 0). Throughout tﬁis report the "cusp throat" will-

be the neighborhood of (r = r,z= Oj, And the mirror rééidhs.yill bé

the neighborhoods of (r = 0, z = ¢ zc).
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B. Hamiltonian Formalism

Under the assumptions that an electron beam is injected into a
current and éharge neutralizing medium, single particle orbits are
sufficient to study electron'motion in the cusp. These assﬁmptions will
be reéxamined later in the discussiop of experimental results that have
beeﬁ reporfed.

Since BZ reverses sign in a cusp configuration, & guiding center
description of particle motion in.the cusp is not possible-~the purticle
motion is non-adiabatic. Historically, this has lead’to the assumption
that the particle "loses its memory" while moving in the cusp region,l
and introducing réndomness into the calculation. Schmidt2 was the
first to point out the error in this assumption and to give a correct
treatmeht of partiéle motiqn in cusps; It is interesting to note that
the published work of the Kurchatov group appears to use the randomness
assumption.

The relativistic generalization of Schmidt's work is given here.
Since the cusp field has ¢ylindrical symmetry as seen in Figs:hl-j,

& Lagrangian or Hamiltonian description of particle orbits shows that
canonical angular momentum is conser%ed;"Since the particle energy is
also a constant, the two constants of fhé motion allow determination of
many important features of paiticle’motién in the cusp. The nﬁmerical
solutions of the particle trajectories given in later sections wiil also
include cases where effective collisions occur to determine their effect.

on the collisionless picture described here. T



The lLagrangian for & relativistic electron in a cusp field is given

by
. me
= - — = €ev A
L v 79
' 2,272
with v = (1 - v /c%) and q_ = -e.
The generalized coordinates are r, z, ¢, with v, = r, v¢ = 19,
v, = z, and the canonical momenta are '
_ 9L _ -
Pr__ 3% T YWy T Py
F, =¥V, =P,
P, = é& = r(ymrd - eA,) = r(p - ed,) ,
Y. [ ) o]

where the respective mechanical momenta are notated as lower case

characters. The Hemiltonian is given by

. 2 ,
H u‘Piqi - L = yme . S (W)

Note that the relativistic .factor can also be writteh as

1/2 '
v =[1+ (p/mc)2]v . Since the field is stationary, H is a constant of
Lhe motion

= nc?(1 + U) T O

the diode voltage which produces the injected

where U = eVD/mcz, with V

electrons,

The equations of motion are obtained from cither

Pi_a o, g o _p o 2
dt aql 93 3Pi ’ i Bql .

13 |
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Since ¢ is an ignorable coordinate, & second constant of the motion

is the canonical angular momentum about the z-axis
R¢'= r(ymﬂ¢‘- eA¢) = constant . . (6)

Note that the magnetic flux enclosed by & circle of radius r at axial
position z is

8(r,z) = 2 Ay(r,z) . o (7)

ILines of constant flux are shown-in'Fig. 1. The motion of & relativistic
electron in this field can be described by an cffecetive potential

obtained by squaring the Hamiltonian:

p2 p2.
75 + ?f + ¥(r,z) =0 , | (8)
with
2
1 {5 2
Y = 1; T + eA¢(r,z) - mec U(2 + U) . (9) .

Examining this effective potential well gives a lot of information about
the particle motion. The extremal curves of the polential are.
determined from
P, .\/ P, edA g
% 2 (¢ ) ¢
—_—= == + -+ =] = .
3 m(r eA¢>< R A

3

‘[hree cuses arlse, the first ﬁeing the nimple case of an.électran
injected such that Pb = 0. From Eq. (9) the pbtential miniﬁum-ocgurs
on the z-axis and in the z = 0 plane, and the electron can pass through
the origin. However, a negligible number of electrons can be injected
from & diode such thaﬁ their canonical angular momentum is identic&liy

Z€ero,



Case two occurs when onl& the first term in‘Eq. (10) , b
vanishes. From Eq. (6) this condition gives p¢ = 0 for aﬁ'electron at
the instant that its‘traﬁéctory crosses this ﬁinimum'potential surface,
where

2
¥ sp = - e u(2 * u) . . (11)

This means that the electron orbit cannot directly encirclé the axis,
but that its projection on the x-y plene has off-axis loops. From
the condition

ermA¢(rm,z) = -R¢ s , (12)

and Eqs. (6-7), it is seen that the minimum potential surface coincides
with a surface_of‘gpnstaﬁt magnetic flux. For given initial phaseé space
coordinates (;o,;o)gof an injeéted electron, it will execute this
off-axis motion qn'oné side of the cusp. If the-canonical angular
momentum at thé initial phase space point is determined to be Po,‘then
the off-axis orbits will occur on the side of the cusp.wﬁere<A¢(r,z)/Po
is negative (< 0). .This typé of trajectory is illustrated in~Eig; L,
where the off-axis looping occurs on the“z.>.b side of the cusp. Two
sdditional points which should be noted about this type of orbit is
that the minimuﬁ_potgntial has ﬁ'constant value, and that a)mirror loss
cone always ex;sﬁs on the off-axis side ;f the cusp since the‘
;minimum poﬁehtial surface follows -the éonétaﬂﬁﬂfiux sg;faéq right out
.of the cusﬁ region; ‘We will retﬁ;n to this point 1at;;5

The other extremal pondition (éase three) occurs when only the

second expression in Eq. (10) venishes:

15
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er” 5= =B , o | ' | (13)

and the value of the effective potential along this extremel surface is
obteined by substitution into Eq. (9) and using B_ = (1/r) 3(rh,)/or :
i s l2 - . -

: e 2 2 2 - -
YM(r,z)-—n;r Bz—mc'U(2.+U)... | (14)

In contrast to the off-axis orbits described above, here there

is no point on the electron trajeotory where §¢ = O{ so that on this
side of the cush (opposite the off-axis side) the electron orbit
directly encircles the axis., This encircling motion occurs on the side
of the cusp where (A¢/P¢)A> 0. The potential extremum of.Eq. (lh)

can be either a maximum or.minimum, and moreover, its value‘changes
along the extremal surface. This means that in cases where it is a
minimum that the effectlve potent1a1 well on th1s s1de of the cusp is
three d1mensronal whereas the potential well on the off—ax1s 51de 1s
two-d1mens1onal ’ Therefore dependlng on the particle energy, there
hay or may not be a mlrror loss cone on the axis en01rc11ng side of the
cusp. Figure 4 shows the traaectony of an electron (w1th namlnal Hydra
parameters) 1n3ected at the cusp throat with P > 0. Since the sign of
'A¢ is opposite to the sign of the z-coordlnate accordlng to the sign
convention descrlbed above, the off-ax1s orb1ts in the x-y proaectlon
shown ;n Fig. ha occur for z > O.: Note that as the part1cle trajectory
crosses the z-= 0 plane (Fig. Mb),-the\radius of curvature ofﬁthet
electron orbit (Fig. ha) goes to infinity and then reverses as the

electron orbit beging to encircle the axis. Since YM is a maximuﬁ.

17 -
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for the electron trajectory shown, thé electron is quickly ejected from
the axis encircling side of the cusp across the z = O plane, where its
radius of curvature again reverses to Become an off-axis orbit. The
electron then is reflected by the magnetic mirror on the z > O gide of
the Cusﬁ (Fig. 4b) and crosses the z = 0 plane once more as it escapes
radially through the cusp throat. Note that the scales are the same in
the x-y projection with the z;axis\passing through the page in the
center of the grid, whereas the scales on the.r-z plot differ by a

factor of two.

C. Loss Cones and Accessible-Inaccessible Regions

After.reading the previous section and examining Fig. h, an
obvious question arises concerning the statement that at legst one mirror
loss cone exists (the one on the off-axis side), since the electron
trajectory shown in,Fig.'h was clearly successfully mirrored on this side
and escaped radially. To show that this loss cone really exists, and to
make the calculation mére relevant to reaétor schemes; a specularly
reflecting boundary condition is now_iﬂtroduced at the cusp throat
to prevent radial escape. The physical mechanism which coﬁes into
play is the diode electric field which will return any radialiy
escaping electrons to the cusp region., A specuiarly reflecting bounﬁary
condition assumes that anode foil scaétering is négligible in repeated
reflections of electrons by the diode fields. This is clearly an‘

optimistic assumption, since any foil scattering at this large radius



will tend to increase the electron angular momentum, thereby increasing
the distance of closest approach to the z;axis. Since thisAis
undesirable for efficient energy deposition on a target placed at the
origin, the optimistic assumption is used. Since specular reflection
leaves the initial constantstof the motion unchanged, the extremal '

surfaces Ym. and YM remain the same throughout the calculation.

in
Figure 5 shows thé reéulting trajectory, with the electron escaping
through the mirror loss cone. 'The points along Ymin and YM |

are obtained by numerically solviné‘Eqs.'(IQ) and (13) and are also
plotted in Fig. 5.  The extremal surfaces are obtained by rotating these
lines about the z-axis. By comparison of Figs. 1 and 5b, it is obvious
that wmin coincideg with a sufface of constant flux._ Figure 6 shows

a trajectory where ¥, is & minimum and the electron escapes through

M
the mirror loss cone on the axis encircling side of the cusp.

From these cdnsiderations it is clear that it is not possiﬁle to
confine an electron in a cusp without plugging the loss regions with
reflecting boundaries. It has already been érgued above that the
optimum reflection mechanism at the cusp throat is specular reflection
to avoid increasing the electron's #néular momentum; If the mirror
loss cones were similarlj plugged? wpat effect would this trapping of
eléctrons have on energy deposition-on the target? The énsﬁer’is very
little, since angular mamentuﬁ is still a factor. Since specular
reflections do not change the constaﬂts‘of the motion, i£>ié possiﬁlé to

map out the cusp region that a given electron can access using the

Hemiltonian formalism of Section B. From Eq. 8, the extreme turning

points of the electron trajectory in the effective potential occur at - '

19
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P, =P, = 0, when the total electron energy is in angular momentum. The
surfaces which separate the accessible and inaccessible regions of the
cusp are obtained by solving

9+ eny(r,2) = melu(2 + WIY2 (15)

These lines are plotted in Fig. T7a,b for thé trajectories shown in

Figs. Sb and 6b, respectively.  The loss cones are obvious. Therefore,
only those electrons which are injécied initially with angular momentum
sufficiently small to strike the target will ever strike the target. kor

the large aspect ratio (injection radius/pellet radius) of a reactor,

this gives a very poor energy deposition efficiency.

D. Randomizing Reflectiqns at Mirror Points

A physical mechanism which will change the electron angular momentum
and provide the reflection (via virtual cathode formation) needed to

plug the loss cones is the introduction of thin foils

3 It could.be

(thickness‘<< electron range) in the mirror regions.
argued that since the electroﬁs'lmechanical angular momentum is highest
in these regions, that the net effect of rqndcmizing reflections would
be to preferentially destroy angular m;mentum as well as randomize the
electron motion iﬁ the cusp, so that'nearly all of the injected electroﬁs
could strike the target after several'transits across the.cﬁép;
Unfortunately, neither of these may actuélly occur. While if is true
that the randomizing reflections in the mirror regions will tend to

lower the mechanical angular momentum, the conserved quantity between

reflections is the canonical angular momentum, and since the randomizing
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reflection occurs at some finite Qalug of’A¢(r;z),'the cusp field itself
puts a lower limit én the extent to which angular momentum can be reduced.
In fact, if the cusp field is large enough, ﬁﬁe.canonical angular
momentum may change very little when randomizing réflectioné are included,
as will be shown to be the case in calculations performed for experiments
reported to date. Also, between reflections the electrons move along
trajectories governed by their equations of motion, so that the

subsequent transits of the cusp do not possess a true random nature.

E. Summary of Repor?ed éoviet ﬁiperimental Results

The most detailed reports of experimental results of injecting a
ring current of electroﬁs into a cusp were made by the Kurchatov
group at the AIbuqu;rque meeting in November 1975h and at Berchtesgarten
(FRG) in October 1976.5 The accelerator used was URAL (200-300 keV,
50 kA, 60-70 ns, 500 J) configured with coaxial anode and cathodes to
produce a radially converging disk beam. They reported:

i) The injected beam burned & 1.5-4 mm wide hole in the 12-15 pm
thick aluminum anode foil, with a c;;culated 5% beam loss in a single
transit of the foil., The beéﬁ did-nép_ﬁake multiple passes (> 5-10)
through the anode foil. | |

ii) The cusp coils were plécéd either 2 or 4 cm apart and had a
diameter of 8 cm. The maximuﬁ field strength (at 4 em separation) was
given as 13 kG at the cusp throat and 6 kG at the mirror points.

(Using Eqs. 2 and 3, the total current flowing in each-coil was 80 kA.)



iii) _A.stgel aperture 1 mmbwide was plaééd over the-anode foil to
test effects of moving the injectidh plané'with respect to the center
of the cusp. When the injection plane ﬁas shifted 2 mm, the calorimeter
at the far mirror point-dropped to 40-50% of the readings at the near
calorimeter. Background pressure was ;aried from 5 x lO-h-l Torr’with
no effect, demonstrating the collisioniesé.ﬂ&ture of the injected
electrons.  | |

iv) Tdfgéts of 8 mm diameter.cSllectéd~about 30% of the injected
beém enérgy, relatively indeﬁendenf of background pressure and magnetic
field yariqpions,“althéugh x—f&y piﬂhgle photographs -showed more non-
uniform’ irradiation at.highef pressﬁréé."

Among .. the conclusions'which were prééehted are:

(a) Since the cusp fleld was strong enough to prevent electrons
injeéted more‘than;l.3-mm.5way from the cénter plane of the cusp from
crossing the center ﬁlane, result (iii) showed that a significant
number of électréns‘ﬁere trapped in the cusp:. It was fﬁrther assgmed
that "the captured electrons completel& forgét the prehistory pf'ﬁheir
movement," and thus the“number of cabtured‘electrons inéident on both
calofimgtefS'in the mirro¥ regions is ‘the same. This'aﬁounts to about
60% capturg’efficiehcy of injeétéd‘éledtroné for symmetrical injection.

: (b) ‘Result (iv) "indicatés scattering of the beam. The r&ﬁiation
symmetry and high level of energy trensfer effectiveness'tp the target
in a case of scattering of the beam which has entered the trap can be
explained by_fhe fact that the:magnétiC'field used is-a good trap for

relativistic electrons; the equatorial ’s;l;it' of this trap is blocked

25
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by electrical and magnetic fields in the diode, and the loss area
through the plugs is small. 1In this ‘trap the relativistic electrons
entering it should accumulete in the form.of a cloud in the region

of the neutral pole."

F. Analysis of the Kurchatov, Results

The analytical and numerical techniques developed in sections B=D
will be used to evaluate the results reported to date, and alternate
interpretations ﬁill be presehted. The basic thesis of this section
is that the experimental results obtained so far do not‘reﬁreéentra
valid test of the cusp fusion concept. Evaluation of the concept in a
more generalized. context will be givén in section G.

Calculations have 5eeﬁ performed for a cusp field given by
Egs. 1-3, wi£h I = 80 kA, r, = 4 cm, z, = 2 cm, which gives B = 13 kG
at r = To» 2= O,'and BZ = *8 kG at z = *z&. The elect?on energy was
taken to be 300 kev; ahd & beam temperature of 3.6 keV was obtained by
calculating the mean sqﬁare scattering ang1é6 of the beam thrpugﬁ a
12 pm thick aluminum foil. Electrons were injected into the cusp at
the throat from z = <2 mm to z = 2 mm: The optimistic‘éssumptions of a
specularly reflecting surface at the cusp throat, and randomizing
reflectioné at the mirror planeé were included in.the calculafions.
Figure 8 shows the resuitiné trajectory for an electron injected with
z = 1 mm. Clearly the cusp fields are so strong that not only is the
electron restricted to the z > 0O éide‘of the cusp, but the randomizing
reflections at the mirror plane are not even sufficient to allow the

trajectory to get outside the initial accessible region. This is an
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example of the canonical angular momentum being totally dominated by
the magnetic vector potential as discussed in section D. In order to
minimize this effect, Fig. 9 shows an electron trajectory with injection

®

at z = O, where A, = O and the initial canonical angular mementum is
jué? the méchaniéal'angular momentum. Although the trajectory now
sho%s someneffects of réducing the angular momentum from ips initial
valﬁe, it still does not intercept the“target region of radius U4 mﬁ.
Note that rather than electrons acgumulatiﬂg near the origin,' the
oppésite occurs. | | |
Cleariy the magnetic fields used have been too strong; A'general
rule of thumb which has proved useful.in generating the plots shown inb
Figé.'h—7 is to keep the coil current near the'Alfvén critical current,

I =’l7 By kA (35 kA for 700 keV electrons), to allow the electrons

A
access to both sides of thé cusp and make mechanical angular momentum
more importan@ as -compared to A¢.
An alternativé*iﬁterpretation of the feported resulté which

arises from tﬁis evaluation is that the’beaﬁ_may.not be fully current
neutfalize@ on'injection. The subsequent diamagnetic action of the
injected beam causes a substantial number of electrons to be injected
into a relatively field free region. These electrons are free to pass
nea;'the origin, restricted only by theif meéhanical angula; Qdmentum.
Since an electron injected such that all of its "temperature" is in(v¢
will have an angular momentum pinching limit of r = 6 ﬁm for fhe above
parameters used for the Kurchatov ekperiments, it is easy to expl;in the
observed 30% energy deposition reported. If electrons were injected into

a relatively field-free region, the aspect ratio (injection radius/péilet

radius) of 10:1 was not large enough for anguler momentum to be important.



RADIUS METERS

0. 0450

1.

0. 0405 +

0.0360

0.0315

0.0270 ¢

0.0225

0.0180

" e g (p——

0.0135

0.0090

0. 0045

0.0000 -

-0.0250-0. 02

00 -0, 0150 -0. 0100-0. 0050 0.0000 0.0050 0.0100 0.0150 0.0200 0.0250

Z (meters)

FIGURE 9

29



30

As a result of this discussion, it seems that the experiments

reported to date do not represent a valid test of the cusp concept.

G. Theme and Variations

The strength of thehcuép field must bé.carefﬁlly éhqsén if
randemizing reflections at the-mirror planés are to work in reducing
angular momentum enough to allow thelelectfon to strike the target.
However, reducing the field strength increases the size of the loss
cones, requiring larger mirror plane stoppers.

A possible improvement on the charge-neutral,curreht neutialinjection
scheme proposed to date, aﬁd investigated here, is to allow the beam

self-fields to play & role., Those beam elecfrons vwhich are injected

diamagnetically into an esséntially field-free region may tend to

accumulate near the target. 1In this situation, we can envision a cloud

of electrons trapped in a field free region by the cusp fields, so that

aggulaf momentum is all we have to contend with. Rudak;)vh has, given an
expression fofheffiéient energy depbsition in‘this case which we will
now derivé to éXaﬁine the ass@mptions made.

Apbroximating the outer electron cioud boundary By a fphere at
radiﬁs Rc’ and designating the target pellet radius by rp, thé solid
angle subtended by the target at Rcﬁis given by

1/2 -

Q, =2m(1 - cos 8,) = 2ﬁ[iw- (1 - ri/Ri) 1. “ (16)

where Ot is the planar half angle subtended by the faiget at Rc.
The crucial assumption is that the electrons are randomly scattered-

at R,» and travel ballistically across the field-free region.



This provides an isotropic angular distribution of electrons scattered
back into the field-free region.: The probability that in a single
reflection an electron is scattered into the solid angle occupied by
the targé% is
o _
b 1/2

P, =pr=1- ¢! -‘ri/Ri) . | (17)

If ry MR, P, ~ 1 and the deposition will be efficient. However, for

t
practical schemes rp << Rc’ so that the probability is low that an
electron will hit the target on a single pass, and many passes are

required to increase the net probability.

Nfgz o

= < = .

Py = NP, < 3 (g . A _ (18)
N S c R o

Estimating the number of bounces during the lifetime T of the electron

in the cloud to be the order of cT/Rc, and.requiring P, ~ 1 for

N

efficient deposition gives Rudakov‘s expression

P (
The difficulty with this caicﬁl&tion comes in trying to Justify the
crucial assumption made afteriEq; (16). In order for the electrons
to remain trapped for a reasopablé pojtiqn'of the pﬁlSe duration, -
the reflection mechanism at‘Rc must ‘be nearly'specular; In other words,
the electron Larmor radius gthélmust be ﬁhch smaller ﬁgfp any
"scattering length" which defiects the electron from itéﬁéolliéionless
trajectory. Otherwise, the eiectrons will diffuse raﬁidly across the

magnetic boundary and will not be'trapped. -

31



32

~If we use a specular reflecting boundary condition, angular momentum
is conserved, and only those electrons which enter the field-free
region with trajectories that intercept the target on the first pass
can deposit any energy. If its transverse velocity is too large, the
electron will conﬁinue to miss the térget every pass. The condition
that aﬁ.electron will strike the target (replacing Eq. 19) is found to be

i - : 1/2
Vm vr/lvl z cos B, = (1 - rg/RZ) / s ' ' (20)

R
or R, = rp‘Vl/VL- This represents a very stringent condition on R,

and the reader will note that it is simply a statement of coﬁservation
of angular momentum.

Therefore, either the geametry of the reflecting surface must be
such as to randomize the electrons, 6r the electron anglesvof incidence
at the boundary must be randomized before they reach the specularly
reflecting boundary. Since a qoncéve inward surface (such‘as the sphere
assumed sbove) will élways tend to return the electron to, smaller radii,
and a convex inward surface (such as the undisturbed cusp [leld) h;s
the opposite,effecf, it is difficult to see.hOW'phe;surface geometry
will help increase the deposition efficiency (unless & corrugated
spherical surface can be generated). This leaves us with trying to
randomize the electron angles:of incidence before specular reflection
takes place. This is also alqifficult»task, since if vqlump deattering
is invoked, it is irrelevant to randomize the electron angles of

incidence at the: cloud boundary because the electron will be rescattered

~on its way back toward the target. Such a uniform volume scatterer.

would do little to increase the deposition on the pellet.



However, if the scattering probability increases toward the center of
the trapping region, a Beneficial effect oceurs, since the probability
that a scattering event will occur is greatesf whén the electron is at
its closest distance of approach, whére.allﬁit;,energy is invangplar
momentum, allowing it to get closer to the target on successive passes.
In fact, the expanding corona fram a_fa;get'pellet mey naturally provide
some of this effect. )

As a,finallvariation, consider the possibility of current-neutral
injection into an imploding cusp. This is prqbably not an encouraging

approach (aside from stability of the implod;ng liner) because the time

scale for the cusp implosion is.of course much longer than the beam pulse 1%
length. Therefore, the beam would have to be injected near the end of
the cusp implosion, and. the cusp throat would then look like a magnetic

mirror to the incoming beam, which would prevent most of the beam from

entering the cusp.

H. Conclusions

In this report, an attempt has.been made to understand some aspects
of using magnetic cﬁsfs fﬁr electron beam-driven inertiai confinement
fusion. It has been found that the experimental'résults reported to date
do not provide a valid test of the concept, since angular momentum limits
were not important for the geometry used. To explain the observed
deposition, it séems necessary to ig&oke'some beam diamagnetié'effects to
allow beam electrons to reach the low field region near the center of the
cusp. Generalizétions of the basic cqspﬁéQQCept to include beam self-
fielde and scattering seem to be necé;sary for a viable scheme. However,

such a scenario has yet to be developed.
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