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ABGTRATT

This rapcrt sumrarizes a somewhat <ivevse cet of theoretl
carried out in 1978 which were aimed &t increasing sur understanding of

the physics of multiple-bezm overlap and enhanced derosition in thin foils.

The studies revorted here inyolve electron and ion beaxm coverlap in
and rultiple cylindrical disks of chennels, and single and rultiple electron-
veam deposition in thir foils. Some cf the important conseauences of

these studies which affeet ongoing research are'the scaling formula decived
for overlap curpent density gain in cylindrical»geometry, an understanding

of the importance of electron drift motion in, thin-foil-enhanced deposition,

and thC%PECESSity of providing non-axial return current paths and magnetic

isx cenfiguratic

isolation of disks in multiple-¢

. on represents than s v wald ot
nteinge puraely owned rights.
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& swamary of several theorotl

3 concerning multiple-peam concensvration and acuosition for incruial
confinement fusion (ICF) applications. ' ince it seers unlikely that singlc

rarticle<bean sources cen produce the power dencity and energy needed to

drive present ICT breakeven pellet deaigns, the total power required mu.t

te accurulated by overlapring muliiple tez:

aseveral sources. The caleulalions reported her- conc uLe the first alie




to identify the‘important physical processes which determine the overlep
@ain und Jepozition in thin targetcs.
Jection II covers the first set of studies which addresses the amount

of

erlap current density gain that shculd be obteineble in €& or 12 chancels
carrying electron or proton beems in a single eylindrical disk. The prircipal

tocl used in this study wes a collisionless 3-D single-particle trajectory

code which follows Charged.;articles (electrons or ions) in preserited
fields. A simple snalytical formula is given for estimating the overlap

gain in single disk systems. Also, to gain insighi into new physics Involved
with multi-disk systems, results from calculations for a 90-channeli, 5=-lisx
eiectron veam system are discussed.

In 3ection III, thin-foil depcsition by electrens in several. configura-
tions using channelimagnetic fields is investigated. These calculations
were performed with the Monte Carlo electron-photon trensport code CYLEM1
which not only follows 3-J electron trajectories in prescribed fields, but
alsc computes electron sceittering and deposition in materials with
cylindrical ocundaries.

IZF net-energy~-gain particle-beam-target designs seem to requirez

deposition levels 1043210 w/en?.

The requirement for thin shells
comes tu about 1600 kagm, and for thick-shell ablative pusher

targets, the deposition required’is about 100 TW/gm et the target outer
surface. The goal of the work reported here is not to optimize a

corfiguration f¢ approach these derosition ievels but to zain an under-

standing cf the relevant physics involving overlap and enhanced deposition.



The knowledge gained from these studies ir instrumental in the design of
future multi-beam configurations which are optimized for wverlap gain and
Aeposition eé&ﬁﬁgﬁhent.b There is not a strong correlation between cees.

IT and III since most of the originai caleulafions by the asuthors were
yerformed independently. In the process of incorporating the multi-channel

fields into the deposition code, the need to coordinate ongoing research

N

became apparent and is now biix

Sectién IV summarizes the knowledge gained froﬁ thece studies and

singles out’ some prromising concepts which are presently undes invecstigatioo,

LN 0

II. Collisionless OQverlap Studies

The first multi-channel overlan calculations were performed for L0
and 36 electrcn beems in a wagonwheel disk arrangement.3 Since the

injected beam current per chennel exceeds the Alfvén-Iawson critical i
N o

current for electrons (IA)’ the channel must contain a highly conducting f
plasma to cancel the beam current.l+ The injecéed veam particles are
contained in the channel through the application of a plasma current
over'a timescéle much longer than the beam pulse time. The net magnetic

field is obteined fram superposition of the individual chennel magnetic
fields.g'l; ’ 0

" The first part of the work repcrted here is concerned with channel

+

q&nfigurations and electron or ion beams reievant to the Proto-IT
%ccelerator. The basic wagonwheel configuration in this case has 12 *
Qhannel "spokes.," Two discharge retﬁrn-current configurations will ﬂ;

‘:hiscussed. Ttie first consists of two axial chennels perpendicular t;

i

fand fed by the 12 beam channels in the standard wagonwheel configuration.
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The second configuration alternates beam gnd return channels, so that {
there are 6 beam channels and 6 plasme discharge returiicurrent
channels in the same plane: The fir;t configuration leads to larger
net magnetic fields as the current flowing in the axial chennels
u

strengthens the superimposed beam g'ﬁﬁnel fields., The net magnetic
field at the edges of the channels is & minimum in the plane of the disk
for tﬁe stundard configuration, whereas for the alternatirg configurstion,
the net field between chennels in the plane of the disk is a meximun.
Thus, for the standard configuration the individual beams merge to a
disk ;eam a¥ the overlap radius. The &lterngting.configuration keeps
the teams from mixing azimhthal1 wnile allowing them to spread exially.

The first cases presented will be electron and ion teams injected
into the standard wégonwheel configuration, Fisﬁ?e 1 shqws the minimum

lectrens for twe

radius achieved by several trajectories of 1.5-M

cases where the individual chamnel radii (rc) were 5 mm and 3 mm,

respectively. The wagonwheel axis lies along the z direction. The

initial coerdinate positions in a channel are shown above the dlob
These were chosen to suitably cover the initisl phese-space distribution
of a complete set of initicl points3 and contain some worstgcqse‘

W e
' found the overlap results are fairly insensitive
o s,

trajeciories. Tt was Y

to the detailas of the initisl phase space distribution because of phase-

mixing as the electrons propagate down the channels, As can be seen

Tig. 1, the mean value of the minimun spherical radius (RT) is
about ofle=fourth of the value of the cylindrical overlap radius (Ro) in both

cases. The resulting current density at Rm is & factor of 3 atove that in a
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single channel., These are similer to previous results3 end provide QQS
- 2

further evidence that the‘overlep results for electrons with charnel

7 - o i .
currents near:the Alfvén current are relatively insensitive to granetrical
considerations such as the number or siﬁé’of channels., We will discuss

the conditions under which this is true leter. Ve note that 12 channelz

zre an optirum of sorts for a single disk since H& = b r, and R~ LR

) so thet Rp i Tos and most of the electrons reach & minirum radius'egual

“

to the chennel redius,

Hext; a series of 2.0-MeV proton calewlatidns were performed for the

0 Q2

zame configuration, The trajectory code at this point had teen modified

fc run several histories seduentiélly, choosing initial phase space
Y

s L Z . % . s .
s randomly from an isotropic or cosine distribution. Higher

coordinateé

© i
overlap curreit density gains should be achievable with ions instead

3 v B 2
of electrons since their larger mass resilts in less bending in the
chennel fields, leading to colder teams which spread more slowly after,
' @ H

exiting a channel, Since the channel magrietic field can be chosen to » o

Q = = 5 :
rreserve the initial beam half-angle spreed 5m fwith respect to thé

q

P :
channe] Bxis};/this angle is expected to play an important role in the

;eé of cverlep attainable. To establish the relative importance of

the guide magnetic field and Gn’ they were varied independently. First,
s I : s

3 -
two sets of ion trajectories were run with é; = 16° in 1.5-cm

0o -
diameter chennels cerrying currents of 50 k4 and 104 XA, respectively:

At 5C k4, the overlap current density gein was L.3 and it only increased

5% for 100 ki. The results of varyifg 9m with channel eurrents of 100:%A

are shown in Fig. 2. The curren£ denrsity gainisaturayes beﬁwéen vaiués

©

12 : ) . s
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of & and 7 for small angles. This saturation depends on the number of

charnels and < in u manner discusced lelow where analyticel overlagp

ter are jriven.

‘Le alterrating chiafinel configuration arose &s & -us gestion during

e ioeua on chanreil configuraticns, “"vﬂgs 2 and -~ show the

iirtrerence in several r-z.trajectories ~f electrons in the standerd
A

oniwheel oonfiguration and in the alternating configuration,

resyectively. The ende has been modified to include the channel edge
v

cffect dlscussed in Sec. 3.3 for these calemlations. without the fields

ive to the exiul return currents, the electron: in tfie altermating
=< B

1sits of the

m'—/*

i,
c-nfizuration (Fig, &) make essentlally force-free tran

‘rel overlar region and escape radially or axially after & single rpass.
;iz1f of the'plasma channels provide gor 1 transport of the electrons

away from the overlap region., Figure 5 shoqg‘a comparison of the
listributions of minimm spherical distarce from the center of the

3
cvetem fer the. two confxgurﬂt;ona. The result for the zliernating

ﬂot’cecb’y breader, principally because of the axial

the teams. Since oniy nal® of the chanfiels are teing used

-3
a
B
[

¢
o
=%

beams, the overlar current density gain drors to 1.5 from

Yie vulue of 3.4 for the standsrd configuration. Similar results were

founl for protons with an 8° divérgence half-angle: the current density

B

2in dropped from 6.1 to 2.8 in the alternating configuration, Further

o
studies of the &lternating configuration were not undertaken.

Eased on the tragectory calculatlons, lt .is possible to develop
AN

: b . N PR o R - .
analytical current density gain estimates for electrents and ions, The

ie current jensity gain achievable from g2 single
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e Wsin(/HW) = 17 H>12),

"

5
@
=1
o

The parameter ¢ is & measure of the effective bean divergence at th

3 and iv given by

of the channf
Vi

- ; infr /3y
= RO/%“ =r /R sin{ s,

r, is the beam-chemnel radius, R_ iz the geomeiric lap radiys,
c

is the mean value of closest approach to the certer of the dick

as obtained from trajectory calculetions using uniform current fdensity

rlamma channelc,
; For électrons, the channel current used in the calculations was
close to the AlTvén current, so that the beams always came out of ‘the
crannels hot, and it was found that T ~ L, independent of the number or
zize of channels, provided that R > L r,. IFR < i e (N <12}, then

Rm B rc, and Ee ~ csc(ﬂ/N). Therefore, for & single-disk system of N

electron beams tlhe current density gain is

G =

{r N>12
e |

w/k ¥z

The maximum current density gain for multi-disk electron configurations
seems Lo be limited to about 10 {3 disks) from packaging considerations,
Future calculations wili study multi-disk overlep gain in detail.

sen maxirum

Comevhat higher gains ere pessible for ions. For a

injection angle "m of ions 2t & radial position Ty in a chzmnel of radiuz

vl
c

Ty ;Tc),the channel current can be picked to just contain *he ion heem:



* Z fiamps (Lor &.G=iel,

rotong

rrobons.

f- recuired

rreserved during the channel transport, sc ¥ vewmains as the important

purameter in the overlap estimate,
If the effective ion temperature is large enough that the lon Lunr

cen spread more than a channel radius (Rm >> rc in the distance RO, then

c

R, ~ R tan dn =r tan em/sin("/N). Of more interest is the

high Lrighbness ion beams where RD tan ‘:m ~ r_ . The ion beanm

expand much after leaving the charnel, and R~ r . The bean

parameier in the gain formuls becomes

The ]att\ér case 1s the one of principal interest, and f(""f increuse:;

from 1 for'§_ ~ n/N to 2 for ‘Jn << /. Note that the transition in

m
parameter dependence of ¢, occurs at Gm = v/, which is 15° for N - 1z,

and 2° for ¥ = 90,

The current density gain factor for ion channel overlan becomes

for MO <~
m

Tous, for i = 12 and ¢ = 2°, 4, ¥ 6 (see Fig. 2)) 8nd Ffor ¥ =

the seme divergence angle, 3, ® 22. It should ©e& noted that for 4t

excloding pushter ion targets, &

e g2in in the energy depcszition will @

times that of .a single heam and (}i iz not a determining factor in the

deposited energy.
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fwein,-cthese single-iisk gains can te incresced corewhat ty using
multi-disk arrangements, These cimple formulac centain only itre cruldest
estimute of the cfficiency of particle transport to the target. uture
L,‘v;“k will include improved efficiency estimates un? woldeling:.

Jore rulti-disk caleulations for eleetrons in cylindrical geometry
were performed which show effects on electron transport not found in
single=~disk systems. Five wagonwheel disks were stacked together
cylindrically with the coﬁx};ined discharge return currents flowing out
along the axis of the system. FEighteen chanréls per dick gave a total
of 90 heams. The superimposed magnetic I:ields proved to be too large
tc allow electron transport in all but the central disk which includes
the 7z = G plane. Since the deminant contribution to ». neer the
overlap radius comes from the axial return current chamnels, this wac
removed by replacing the axial cliannels b;,rl two conducting sheet disks,
one on each end of the stack. Then the superimposed field was fcn-zers
only in the 5 disks between the conducting sheets, and it was due to the
beam channel cﬁrrents alone. Howe'irer, the calculations showed that
clectron transport was still cut off in the two outer disks. Conducting
sheets were then added vetween disks to isolate each from its neighbor.
tiow the net field was due to only those channels in a given disk. The
electrons in all disks efficiently propagated to the overlap radius, but
the net magneti:i field in the overlep region wes so low thet multiple
clectron gasses throush the overlap region seemed unlikely. The electron
trajectories for each disk look similar to those showrn in Fig. U.

These multi-disk results may seem to pubt us on the horns of a
dilemre: If we configure the plesme currents to provide large wmagnetic
fields inside %the overliap region for efficiei;f electron reflexing, then


http://Je.it
http://corr.es

eiectrons cennct get tc the overlep rciion, On the other hanid, if we

3 in

avertar re i

for pood electren trensvort, the f

fecient clectron reflexing, ©

for ef

aonfigurations

ir, tie overiar region as

S TOT1i. Tuin-Foil iwpesi

‘r,'? t i section we introbee collicionel elleen iatn 1o vae

b
srcchannel transport of fection i1 in sxiter o tuly Lhe o

N
interaction in the presence of zae chwimcel Picl hoo ae wre pprinee
0
%

intercstel in the hesm-tarsel cournling efficiency i Luc

terosition, on 3.3 we review the vesulls vt s

single-1isk,

tntential upplication to the de:

for sffects testirg. e then triefly

converging disk beam betveen tuwe

nrels.

3.1. Axial Injection into Linsle Foil

The initial series of caleulations involved tire simgient

meometrical arrongement: the interaction of a cylindrically symret:

REL with 2 planar target foll. 7Tie nagnetic Piell was ascwme i i 1o



2z

. /!.‘ . .
of an infiniteiy long plasme chaanel with a radi

5
current density of la77 x 107 amps/cm2 (I, ~ 125 1, fer c.t

!

uniform RER

rve initisl radius as the plasma channel and a 2 cosine-

1listrivution, was injected into this cnannel parallel to the channel

electron current. An R-Z plot of 21 sample trajectories in the channel

rield is chown in Fig, 6 where th@ beam is travelling in the positive-7
i

K
direction. Transport over this 1.2-cm distance was roughly 97% efficient

ine to the Alfvén current liﬁitation, with the radiuve of the transvorted

vear Yeing siightly larger than the channel radius.
~

A 12-br thick tantalum foil with a radius of 1.5 om wac selectec

ss the target. Having verified eificient bearm transport in vacuum, we

were then juctified in injecting the bear at the surface of the target.

A1 R-Z plol of 1C0 sample trejectories is shown in Figure 7. UYhe rront

ig av 2 = 0.0 aom, zc tnes

Some of the more

n

ctories of ccllisionally reflected electren

important quantitative results from this caeleulation are tabuleted in
Table T (calculation #1). On the transmission side of the foil there
is nothing to prevent continued forward beam propagation so that 98%
of the electrons are transmitted, and the mean number of reentries per
source electron is only 0.67.

In order to reduce escape by transmission, the channel current on
the transmission side of the foil was reversed in calculation #2. e
current reversal did inhicit transmission, but as can ve seen in the

flot of Fig. 8, the electrons simply "walked" oux

1000-trajectaory

radially until they esceped through the lateral cylindrical escape

houndary. The mezn ambwer of reensries raose
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Anlk

Recépitulation of results obtained for the transport and target-
foll interaction of an RER in a plasme-channel magnetic field.
Numbers in parentheses are the estimated one-sigma statistical
uncertainties expressed as percentages of the given gquantities.

a~

Mean
Channel fcrroximate Mumber Escepe (T et
Radiug = . Thnher of

Calcuiation # (?P) PTronsmission  EReflection  Ieteral  Heentrics 1.5 cm ‘
1-1® 0.3 93 2 4 \E-\.\e-re, 058 (1Y L 8.1 (1)

£
10® 0.3 5 2 o9 3.06%  20.BS (1) 1.157 () 7655 (1)
12P 0.5 o3 1 Ll L 3830 0 2210 () 7.6°% (1)
14 ©:5 17 S 50,05 (1 3077 (o QL D
154 0.5 69 Rt 22.03 / ILLEY (1)

se

Boonduction electron current density of ~ 180:}§1\’/cm2

bCQnduction electron current density of ~ 180 kA/cm2
®Conduction electron current densities of ~ 180 kﬁ/cm

donduction electron current densities 5f ~ 180 kA/cm and ~ 380 Ka/oxt

in the REB direction on both sides of foil.

in the same and opposite directions as
the FEB on the injection and transmission sides cf the foil, respectively.

and ~ 360 kA/cm in the seme and
opposite directions as the REB on the injection and transmission 51des of the foil, respectlvely.

in the' same divéction
as the REB on the injection and transmission sides of the foil, respectively.




W

2

5

D

o2
5]
(4]
Il

7o







1.500 r.-‘—’ YT YT YT YT T O Ty T YT TTTTTY T TTr

i
1,400 ~
1.300
[ |
1.260 b
1.100 !

1,000

.8000
.8000
.7000
.8000
.5000
8 <000

.3000

.2000

L1000

0.000 Ll . . .
-1.20 ¥ -.808 ~.400 0.00 400 .800 1.20

4



he hiphert as

the mean number o reentries is

egnl he uniersio I iy

L current

channed.

current-currying crénnel is rC end tne

critical current for the energy of the beam electrons ic »,. &n
E

electron noving axially ti‘eels a Lorentz force which is radially inwerd

F) i it

4/

.5 moving in the same directicn w’v*‘,‘ as the plasme copduction

A
electrons. If its axiel velocity is anti-parsllel tfv_‘, to the electron

conduction flow, the Lorentz force is radially outwerd, or defocusineg.
I

n
7z lowest order, tren, electrons injected with v, tend to Te confinel

in tie charnel, wheress electrons with v tend Lo be

chenrel, This is true foxr clectrons injfected inside r,, which is latcied

the nen-zdéiebatic region. Since the scale length of the magneti
is smeller than the Larmor radius in this region, electrons do not complete

a Lammor orbit and adiebatic drift theory does not apply.
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Tor electron orbits outcide r,, the field ic strong enough te bendi tiwc
A

electy

trefectories inte complete Larmer orbits, so adiabetic Jdrift

The bwe dvifts of imrortance for exiwl transport arc

the rrad-nod

centex.irotic

aprosed to the direction of the electron conduction flow,

the same direction for orbits cuiside the channel redius. 7The ratic of

the gradient drift to the curvature drift is given by the xinetic energy

retic w, /w-, wiere w: is the electren xirnetic energy along the magreiic

~ield {azimuthal) direction., Tvejectory calculations have been performed

where this ratio was computed ard the gradient found tc be
gredominant.

Fased on these consideretions, the single~foil results can be
explained as follows, In calculation #1, the electrons lost very littlc
energy in a single pass. VSince most of them were in the non-adiabatic
propagation region, the foil interaction represented a smell perturbation
in their trajectories and they just continued prcpagating along the
channel on the transmission side. In calculation #2, the current on the
transmission side was féversed, so that every time an electron passed
through the foil it found itself in & defocusing field, resulting in a
succession of redially outward steps and a predominantly lateral escarge.
Caiculations #1 and #’2 had r, ~ r_ for injected electrons so thet ‘he
anmmular region of pre&éminantly backward gradient grif‘t shown in Fig. 10

did not exist. Tne small fraction of escape by rcflection was probably



Ly

R

e Lo sufficienl energy loss in foil transits by come electrons so that
Lrey beeare adizbatic inclide rC and could gradient drift eway from the

se in this case r, < T, for

-drift region sust

be cravsed by laterally escaping electrons, resuliing in larger
teansmission and reflection escape by this mechanism, By increasing

the field on the transmission side in caleulation #4, the predominent
effect QE; that the redial step wes made much smaller on the trensmission

side, causing more reflexing through the foil, higher depositicn and

lover escape fraction; The fact that the fields on beth sides of the

B
rfoil were defocusing for reflexing electrons in celculations 2-4 prevented
significant enhanced energy deposition inside the initial beam radius.

=
In calculation #5, the current on the transmission side was reversed, so

tust on this e the reflexing electrons took an irwari radial ster

resuliing in the best specific deposition obtained in the single foil

=

calculations., The »elatively large transmission ccefficiernt wes due
to three effects:
a) transmission of the central cdre of the incident electron
vear inside the radius of the Alfvén cuirent on the transmission side,
b) grad-3 drift of electrons outsias the channel radius on the
“ransmission, and
¢) curvature drift of those electrons that exit the transmission
side of the foil with velocities nesrly paraliel to the magnetic field.
It has become obvious to s thaet the deposition attainable in these
calculetions wes limited by thewexistence of exial particle drifts

sway from the foil. This has led us to prepose different magnetic field



configurations in Sec. IV on the transmiscion side of the Foil so that

sny partiele drifts will be beneficial.

3.2 Hadisl Injection Fetween Foils

Another schere investigeted was that of radial injection of 2

s between twe foil

corbine

=
0

suring that the;

ettenpted ic simulate this

zchere with & 0.6-cm long, 1.C-cm radius, uniform eylindrical source

tetween two parallel, 1,0-ow radius, 1Z-pm thiek planar foils,

the source-electren direciions we a2ssumed e cosine-lew distribu
respect to the inwerd normal to the cylinder over a 2 solid angle. The
region between the feils was taken'to be field-free. Outside the foils
the fiéld was assumed to be thet of & wniforr return current =f 150 wi
(one half the estimated 300 k& total channel current) with z radius of

1.0 om and with conduction electron flow lirected away from the foils.

Results from this first calculation (#1) ere shown in Table IT. 4n
plot of 100 semple trajectories is shown in Fig. 11,

In caleulation #2 of Teble II, the channel return currents were

zssumed te flovw in a sulid conductor = a raiius of G.C25 cr. There it

sore medest improverent over calculation #2

50 percent incresse

the energy deposition withirn C.3 cx of the exis.

In caleulatiorn #3, the return currents of the previous calculation

w3,

. ihis rather wnrealisiic

were simply reversed [toward the foils

ta)

ig, 12,

scheme merely led to 1CO percent laleral escape as shown in

with little improvement in the varameters of Tenle II.

33
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Calculation

i

s obtained fibm the CYL:if model of ti
Interaction of an RiR with 2 double~foil target in
mel le £ield. Humbers in parentheses ure Lhe
tical uncertainties cxpressed os percents

feenpitulation of result

[\

Feam~- Averazc
Target Spelific .ower ! cition
N I h
I i - Y Cougpling /g
Avproximate Wumber Escape (% tean Number Efficiency Within a Ra:
Transmission  Reflection Iateral of Eniries 1) . 1.0 enl
35 36 31 1.743 9.2297(1) 0.589% .1}
35 33 33 2,067 12.21 {1)  0.7805 1}
0 0 101 1.937 10.17 (1) 0.6502 1) 0.5328 (3)



3.3 xultipie FZB Trénsport in lonexisymmetric Plasma-Channel
Fields Profo-TI .

The megnetic fields for the standard wagonwh%el configuration
]

i code., Since

ligeussed in Sect. II were incorpcrated into the Cv
the stenderi ccsine distribtution used for bearm infecticn results in some
besm trajectories outside the channel as shown in Fig, 6, we decided tc

dify the distribution to produce a team radius matched to the charnnel

radius, We empleyed a modified cosire-law disiributicn in which the

cylindrical coordinate Eomponents of the initiel velocities are defined by

i

2L
v = vIi- (z/r) ]

L]

’
Ve = Y p
1/2
Vo=V v i P
2 z” roz A c’ ’

distribution, r is the radial source coordinate, and r, is the reis
the plasmz channel, This modification results in a vanishing radial
component at r = T, and an unmcdified cosine~law at r =‘0.0. With

this distribution we obtain the trajectory plot shown in Fig. 13. The
REB has & well-defined envelope with a been radius very nearly eguel to
the chennei radius.

" We are now in a position to discuse the predictions of the CYLEM

ccde for the interaction of miltiple REB's from ProtoeIT L can-shzped
tantalum targets having dimensions of the order of the chamnel radii, =
The bulk of the calculations invelves & single disk of twelve &0 kA

tlasma channels {like spokes in & wheel) injecting the twelve FEER's
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o
redisily through the cylindricel surface of tae can, Zectrons &re

ranpled ' niformly over the plesme channel crus. zection at a distance of
7.0 cm from tre Z &xic, Half the total chunnel current wes returnel
!

axially through eacdh of the plasme channels at either end of the can.

target, coupling efficiency

vripary concern was tae dependence of

an? specific power ideposition upon dimensicnal parareters sf the terge?

ani plasme channels, We 2lso tallied the mean number of target ent
per:gzource electron. In contrest to the mean nurber of reentries tellied
in Sec, 3.1, this talley includes the initial entry of the cource
electrons,

Results of tne fifteen celcuistions are sumuarizeid in‘Table ITI.

Ixcept where footnotes indicate ctherwise, veum chennel radii were G.3 cn,

radii of return current channels were 1.0 cm, and the magretic field =

assumed to be zero inside the can., From caleulations #1 throwsu #-, it

appears that a well thickness of about 30 w»

both eoupling efficiency and specific power lecs:ition. (el

and #3 show that the rresence of the field within the can hes little

effect. Calculations #6, #&, and #14 show that reducing the can radius

increases specific power deposition, but reduces 4he beam-target.coupl

efficiency, In calculation #5, an attemrt to prevent escape of beam

electrons by placing total stopping "reflectors”™ opposite each end of ihe

can failed because the drift due te the return current channel fields

prevented transport back to the target.r tost reductions in dimensional

parameters had only & modest effect on the results. However, the final

icn shows that specific power deposition-is approximately

[}



1ABLE 11!

sapitulation of results obtained from the CYIiiroicl of nultivle ifh
transport in nonaxisymmetric plasma channel Tields fd

roto-1T.
Mumbers in parentheses after coupling efficiencics are-

the eotimated

one-sigme statistical uncerteinties expressed ss percentages of the

given quantities.

Ream Target

Specifie

Wall Coupling Power'
Cun Hadius Can length  Thickness Can Mass  Mean Number [Efficiency Deposition
Calculation # {em) (em “(pm) (&) of kntries (%) JQRERY)
o 1.2 0.l 12 0.2u03 5.838 1627 2) l.01E 2
2? 1.2 0.k 30 0.6008 5.607 Lo.28  (3) 1.006 3
3 1.2 0.l 30 0.6008 5.90k | L2.80 (2 1,069 (2}
b 1.2 o4 60 1.2015 h.y7s o« 61.87 (1) 0.772 (1)
5° 1.2 0.l 30 0.6008 e L1.55  ‘2)  1.037 {(2)
0.8 0.4 30  0.3004 3.659 25.46  (2) 1.271 (2)
1.2 0.6 ¢ 30 0.6759 6.300 45.05 {2) 1,000 I(2)
8 0.8 0.6 30 0.3505 %.273 30.18  (3) 1.292 (3)
9 1.2 . 0.6 40 0.9012 5.901 se.céh (@Y 0.938 (2)
10° 1.2 0.6 . 30 0.6759 6.419 LSY96 . (23  1.016 (2)
1** 1.2 0.6 30 ° 0.6759 6.218 79 (3)  .99h (3)
10%4 1.2 0.6 ) 30 0.6759 6.85% 19,03 (3)  1.088 (3)
130 1.2 0.6 0 0.67159 6.571 45,65 _ (2) 1.013 (2)
1404 0.8 | 0.6 30 0.3505 L. 863 3375 3) Lok (3
15545 0.6 0.3 30, 0.1690 6.120 43.80 (M) 3.888 k)

®Field on inside can.
0.liecm tantalum reflectors opposite-each end of can.
Caxial decay iength\of magnetic field reduced to 0,3 anm,
dnu_rliu:; of return &fi-rent plasma channel reduced to 0.3 cm,
. ®Radius of heam current plasra channel reduced to 0,1% am,

o



)
vroportional to the inverse squurej’ of the bean ¢

N

other dimensions are scaled ﬁcg,ordihgly, with 1if
tafg'et coupling efi:ici:encif.s, ll'-‘igur; 1k, where
can are not showny, was o‘ntaineh fqr calculation
'\trajectlpvry plots fo he calculations listed im

Vie also carried out & series of ca]culations

~frem calculation #7, we successively! 1n8r‘_eased} the

by facters of two. ‘There was no noticeable incre

==

== target coupling ef‘ficaency or in the’ specii‘ic PO
appears that the effect of the decreasing Larmor

‘(\ have 1ncreased stagnation, wes offset by an incr

A

\ . caused by the increasing magnetic field of the.retd
Again, in this series ofjcalcilations, we ha 4

the next section we propose some conf &guratlons Wi

limited by unfavorable particle drifts away from
from these effects. "

- 1V, Sumnally

, One of the most impdrtant things
role of particle drifts in sysutems wi

e.l.ectrons provided the principnl esca

) beems ‘must be transpcrted in current-
little that can be done tc change the

side of the target foll. However, the

transmission side of:the foil can be

°

drifts and prevent beam praptditinﬁ‘
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is a single=ended cusp which produces azimuthal sters for reflexing
electrons on the transmission side, and & mirror peint to minimize beam
tranasmission, The gradient drifts are also azimuth2l, so the pean

deces not spread on the transmizsion cide of the foil. Caleulaticn- w

this type of csingle-bear geometry are glanned.

It was found that multi-disk
frem each other to allow efficient beam tronsport to the overlap region.

results in a nearly field-free overlap region if

L'x

eurrents are returned along the conducting sheetz vetwesen

it is not necessary to return the channel currents in this way, it is
desirable to avoid large azimuthal magnetic fie&ds in the cverlap region
because of the undesirable gradient drifts they cause. A better field
configuration in the overlep region may bte an axial field with mirror
rpoints Just outsf&e the exial extent of the overlap region, Such e
Tield could be applied by & small axial Pelmholtz-coil arrangement.

The mirrors would prevent axial giectron loss end the exial field results
in szimuthel steps and azimuthel gradient drifts insidethe target foil.

Some beam loss would still occur on the channel side of the target fuil.

Studies 1 this configuratica &rc also rlanned.
Aralytical estimates of overlep current density gein fop electrars and
jons have been derived for cylindrical target surfaces in single wagonwheel

disk configurations. Calculaticns have prcduced overlap gains of up tc 2

2se studies wiil

“or a single disk of electrons &nd uyp to 6 for protons.

be continued to spherical configurations.
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