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Ab: tract.—

The feasibility of external tratisport into ●

xodxfied betatron by ~he propagation of ●

relativistic electron beam into a z-pinch chnnnel is

diacuaaed. Rtsulte from particle-in-cell simulations

do not indicate ●ny deleterious inctabilitiea.

Though the plasma collision frequency ~s shown to be

just large enough to suppress the beax-plasma insta-

bility, ● uiacherge current tapering scheme for

d~cre~ting the beam perpendicular velocity wi’1 ●lso

be ● principal stabilizing mechanimn. A new high-

freqwncy ●icrowtve source based on this study i-

●lso detailed.

Introduction.—
In this paper we discuss the feasibility of

using applied currents in wavetuide structures both

●t a means of tract-porting high-current relativistic

electron beama acrosm magnetic field lf.neo ●nd ●lso

a. ● poosible ●ource for the production of high-

frequency ●nd hl~hly tunable ●icrowave radiation.

The basic concept is S- follows: ● relativistic

electron beam iB injrcted into ● conductin~ drift

*obe of rsdiua R ●nd length L, An exial current, I,

is produced @ltl,er by ● gas discharge or by insertiug

a 8uidiug wire ●lon8 the cylindric~l ●gia. The

reeultin~ magnetic field !+ varieo ●ither to the

radius r or ● m l/r, depending on which current scheme

is used. An ●xlol -Snetic field B. in ●pplied by

external coils,

Crocc-field trtnaport of relativistic ●lectron

v, .

IrI thin report we precant pr~liminary reoulta of

portlcls-in-cell ●imulationm of tho fulI ●elf-conoie-

teut and ●l~ctrotfymanic pr(*blem of beam dpamicc in

both the cross-field trantport ●nd ●icrowave prob-

lems. Our calculation include ●ffects of beam

injection through ● foil , wave8uide nodes, and

resistive walla. The ●i.mulationa ● re done with the

fully relativistic ●nd electroxegnetic Z+-dimensional

particle-in-cell code CCUBE.

Crosn-Field Transport into a Betatron—.—

The feasibility of transporting a high-cuirent

relativistic electrou beam ● cross ●agnetic field

lines via ● z-pinch channel was firot proposed by

tfako et ●l [1]. In thi~ injectioo ●pproach, n rela-——

tiviritic electron beam is introduced into a m dified

betatron through ● amll diameter tube that is termi-

nated In a thin foil.

Tbe basic ●cbeme is pictuted in Fig. 1. A

current charnel created by the electric-l breakdown

of ● gas (e.g., hyd o~*n) io uacd tn folua a 10 A

●lectron bean ● cross ● trannveia? bet.aLron field

Bx 90.7 kG, The beam in cujded by ● 2 L: longitud-

inal magnetic field ●long the tub? ●xis,

External injection hao several ●ttractive

●dvantages over direct beam injection into a ●edified

betatron via a protruding high-voltage cathodp [1],

Fiktit, the high vacuue of the torum can b~ inolatrd

frox tbe rougher vacuum of thr injector. AlsrI,

b~causr a smaliet poriho14 ie required, electri( and

fi~ld perturbations ar~ corr~apondlngtv
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mailer. In ●ddition, there can be no ●pplied volt-

●ge perturbation that results from the cathode volt-

age fall time. Finally, because the anode-cstbode

plasm iB removed from the vacuum chamber, one source

for the ion resonance instability is removed.

To analyze the ●ffect of the magnetic field Be

due to the current cnmoel on ● beam particle, we

consider the sinzle-particle equation of wtion

(1)

In this ●quation, B= is the longitudinal guide field

snd B
e

= 21rfa2 is the field due to the current

channel, where I is the ●agnitude of the current ●nd

● is the channel radius.

for the ●xial coordinates

form

From Eq. (1), ●n equatien

z(t) cac be derived in the

AZ .
dt Vn + A sin2(uX + ~) , (2)

where A

●anumed

defined

Solving

●ud + are numerical conotanta, ●nd we have

Vz(o) = Vo, Vr = v = o,
%2

The quantity UJ is

to be u x (voOe/m) where 00 = lelkO/~c.

hq. (2) for ths betatron wavelength ~ s

2nvolw, we find

(3)

AI thio wavelength q. oachen the cylinder

rmliua, uaveguide Qffactn becnoe increunincly

important . The valueo for the betatron wavelength

slven ‘n (3) have been verified by uc in tb? awaer-

ical rune,

The ●imulationo weie conducted in the followirg

●arine r: A plemma conrioting of both Ionn ●nd

elect ronn ●nd fravirrg ● density n -3 X10’6 .=-’
P

supports ● currtnt of 20 M, At a tim~ t = to, n

relativistic clertron beam (Y t 7, ~ # 3 x 10 ‘0) i8

An.jectu,l into this cbanwl. Becideo snalycing for

tranoport ●fftctn on thr perpendicular beam velocity

(Fis. 2), miwlations were run to invectigmte the

po~silrility of two-mtream

wall @ff@ctn!

The cold beam Srowth

inntahilLty ia Riven by

inmtabllitieo ●nd resiztive

rat~ 6C for the beam-plaema

(4)

cool---l
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Fig. 2. Particle simulation plot of ● relativistic

electron bean traveling through a rurrent
charnel. In the ●boence of ta,jeri.ng, beam
focusing ja ●ccompanied hy a large iucreaar
in beam perpendicular eaergy.

From the parameter given ●bove, ue find that

15c/uJpe = 10-3 or 6 = 1010 see-]. An ●-foldang tine

for this Srowth rate is 0,1 us, co that two-stream

●ffe:ta in this ~njection acheete uay pose ● problem.

For reltt!vistic eleccron beann scattered

●lastically by ● thin ●node foil, we calcu]cte the

parometer ● = 2/62, where 6 is the mean angle Icattel

defined by tk. ratio of tbe beam thermal ve,ocity to

the speed of iight. If a6c/w S. 1, or 6>

(26c/wpe)’~2S004weare in the kine~!c regime [2].

In the NfU ●xperimmt & cfo.05, so that the

inequality is junt ●atisifiwt. Because we ● re on the

tbre~hold ctf the cold beam regime, we can ●pproximate

the rele~~an~ kinetic growth rate 6 Itlef 3] by the

cold beam 8rowth rate given in Eq. (4).

Prelimin~ry simulation results iodicate, how-

ever, that the beam-plssma instability ●ay not

develop ● - expected. We hsve considered threr pos-

nibk. ●cenarioa i’or thin phemmenon: 1) hi~h plasma

twmperaturec; 2) finite beam temperature~ ●nd t >1-

li~ions; ●nd 3) ●xisl plaona density sradients,

In the firct c-se, on eatiwte for the plasma

t~erature requir?d can be obt~ined by equating th~

growth rate (4) to thst of Landau dampin~, Ifowevcr,

for th~ beam ●nergles typical of relativistic

●lrctron beoms, plaomo t~eratures in exceac of

hundred- of kilovolt. ● re need?d, to thit thim does

not dcocrlb? th simulation rcaults (T < 10 eV) or

●ctuml ●xperi~ntal condjtforim,
The beam-plasma inatab~l~ry can ●lno bo otahi-

Jix@d by finite beam ta=pa:atura ●nd colliolono, Th@

●tcbilisation critet ion

bmsralisotion of the

rousb eetimate of ths

stabilimatfen ie found

●qual to th- collloion



u-ins ● typical charnel resistivl Cy of qR

1.15 x lo-1~ 10 -1
, oe finds v = 8.7 x 10 Sr!c , So thet

collisional effects may be s:rong ●nou~h to suppress

the instability.

nally, it is now known that ●xial densit~

Srad) to tend to stmbilire the beam-plasma heta-

bility [6-6]. The phycical reaoon for thin in

easentiaily that the scale length over which the

ir)stabilit ~ can develop (i,e., orer which the Plasm

wave up ij in resonance with the beam wave ~ - kv)

cm becm infinitesimally emall. This effect -Y k

quite pronounced even for cmall inhoeogeneitiea [6],

●nd may he the principal stabilizing ~chanism for

this injection sch~!. However, because the theoret-

ical scaling of this process with density gradieot i-

a complicated ●od not well understood function of the

beam imd plasma par~ters, further #imlations will

be needed to substantiate this contt~tion. Tbua, the

une of ● current taperini sch~ to decrease the

perpendicular velocity [1] nay ●lso have the advsn-

tase of stabilizing the injector against the two-

streae instability.

Finally, a resistive wall physics package ha-

been developad #t Loo AlaDos to campleoent the

particle-ia-cell code CCUBS [7], Preliminary recults

of rrsistire WS1l effocto in this injection

have only recently bees obtained ●od V

reported o!, ● t # later dcte.

W~Uler-Frer Free Electron Lsser.— ~—-.

A variant ot the trantport srhcme descr~

scheme

11 be

bed in

the last -action is to consider the beam with the

guide ●nd toroidal maSnetic fieldo included but

without the inherent complication of ●II ●bient

plasma, This con be realized by aubntituting for the

current chsnnel a wir~ ploced on th~ cylindrical axis

c,arryi~~ * currmt I (Fig, 3).

A- in the free-electron I*s*r (YIIL) nche-, the

interaction of the driftin8 beaw with the stitic

00 c1 /%”-% 0

II q,o”o 0/4’

*grutic fields provides ●n incoherent source of

“tickler” radiation to interact back on thx beam. It

-y b ~ossible to use this “tickler!! sGurce as ● way

of creetin~ he- buochi~ ●nd extreoely pbase-

coherent microwave radiation ● t •uhgill~ter V~ve-

lentthe. In ●ddition, the rsdiation st these high

frequencies can be tuned to even higher frequencies

by simply ●djustins the current in the wire.

This device is more similar to ths FEL than

other wiggler-free schemes [8,9] in that the magnetic

field atrwcture is mra ar less the same, Other

concepts [8,9] ●nvioion electron nation in ● simple

uniform magnetic field giving rise to radiation with

●n up-shifted Doppler cyclotron frequency. Interest-

ingly enough, thin gyrotron-type mode -y ●lso hrnve

been observed is our simulation-,

As in the previouo section, the equation of

motion for a ●ingle particle in the crossed Bz ●nd Be

me8aetic fields is

(5)

vhcre now, howeve., Be = 21/cr. If we aasume that

(r. - r)/ro ‘< 1 Where r. = r(t s O), we obtain the

follawifig approximate solutjons:

r(t) ■ ?0 + p (1 - coc at)

z(t) = vot[l - (21/IA)(p/ro, 1

- (21/IA)(vop/are) tin at

vhere I, = (mc3/e)fly ia the Alfven current, t? =

(rj+/v~A- 21/:,$)~2; ●nd p = (v~/roa2)(21/IA) ThQ

A ■ (2mo/o)ll - (21/IA)(p/ro)!,
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Fig. 4, Particle beam orbits in s helical ●agnetic
field.

there do ●xist distinct ●icrowave pesks in the

spectruu of E~ for ●lmost every simulation r~

[Fig. 5]. Thebe peaks ● re ●lmo correlated with

numerical Poynting vector information to substantiate

the correctness of our ob~ervatioms.

The

fields is

mcaling A

“witgler-less” wavelength

given by Aw = ro(Bz/Bo).

= Aw/2y2 we can write

cr2B
A,-+ , 1

in the helicml

If we ● ss- FEL

Fig, 5. Fourier spectrum of rlectric field E- probe

To “tune” the device to ●illi.eeter wavelengths with

the Anomalous Intense Driver (AID) facility ● t Los

Alamos (Bz = 100 kG, y = 7) ● current I = 50 M is

required for r. S 1 cm. The tunability of this

device (especially for hi8h frequencies) may have

distinct dvantages over the usual FEL since one need

only ●dj,lst the wire current to tune the radiation

frequency.
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