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3 electromagnatic field dpscription, primary aud secondary gas ianf.zat:f.on

STABIE PROPAGATION OF A. HIGH-CURREN’!_‘ ;.LEGTRON BEAM ) :
EXPERIMENTAL OBSERVATIONS AND COM?UTATIONAL MODALIHG B

..The mode.l 1ncludes the radial st.'rucl:ure of the beam-—plasma system, a full

-..a

'pf‘pcesses, and a .‘L:l.near theory of 'he 1-mse—il."'ka= dlltort:.ons. Good agreemept

'het:we_.l t:he experimental reaults' am'l l:he computations strengthens the premise

: mar. hose instah:.lity s, l:he princ:.pal 1i.mitat:lon to p::opagation .11: high A

s bl

g

.l.

PR ‘Hose d.natability severely 1:Lm:lts tl--r ‘propagation of sel;.—focuse:l elec=

o tron beams :ln neu&a; gasea, as has been amply demonst:ated :i.n the. Astrom beam
- »,experime.m.s.:f The obs&gation of»’;’stable. propagat:l.on w" th- a hi.gh—curtent,

&
3. 5-MeV, " dtode—pro*luced heam is, ‘therefore, quite aignificant, si.nc=. it

demor.straté\?: that stab:Ll.'it_,r e.ﬁainsi; hose'distortions can be ach:eved uqdev the .

o

‘ proper cond:\gl:ions .

Tbis model successfully ﬁescvibes the behav-

:Lnstabiiicy hya been deVel pecu

' jior of onr pu sed-—diode electroﬁ beain a.t pressin:es above 1l Torr. 'J.‘hus, this’

repdrt. presenta\ (1) 4some of. the most receut experimental observations, (2) a
odel (EMPULSE code), and (3) a )

deacription \of - "he 4bove computa‘tioﬁd{l,

comparisoq. of ez),per:l.mental and/ ﬂode~ : evu._lt:s'.‘ o

LA

és-was g’énerated by an'rxézs

;p:levice mauufact:ured by Ion Phyc:l.\.s Corpqratd.on. Tha bean current has a “rige
time of approxzmdcely 4 ng to 7.5 I;A, and t.hen a slower’ i se reaching 15 kA -

4

_7;43..‘15 ne, " The beam con:ains about’ SQO Ry at ‘a(peak voltage of 1.5 Mev. The |,

experj.mental apparatus 15 gshown :ln I-‘tg., 1, The electron beam passes through
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Ca 2. 0025-cm (l—mil) titanium anode into ' Lucite drift tube and ie collected
‘byvthe 4 chm Fareday cuplcalorimeter delcribea in previous reporte.l’? A

:“ﬁ 0.0025~cm aluminized Mylar foil placed over the Faraday cup/calorimeter

- exclndes the plaema current and. acts as a warnesa plate. JTha distance hetween .

':'the ‘atiode qnd the Fareday cup/calorimeter wasg adueted to control the beam .
propagation 1ength.irq} Y . G oA T oL, '.;.

Figure 2 shaws npen—shut‘er photographs of the ele"tron.beam propagating

in neon inside a 180-cm. 25-cm 1. d. Lucite ‘tube. For the upper photographe,

‘ ‘the tube was. lined with.a copper screen that connecred the Faraday cup to the

- Fx~25 ‘and- terminated the electromagnetic fields‘genereted by ‘the heam ineide

S ~”the tube. For the 10wer photographs,«the~tuhe was not lined with a copper

: .9screen.\ o, neon, the beam propagateq:very stably at 5 Torr,lwhile hose )

: instebillty can bes 3een even with opennshutter photography at the higher

pressures GeSG Tcrr). Wote that the presence or ebsence of the copper ecreen
iiner hae little effect on beamn propagatlon at the preSSures ehown. -
T Figure 3 shows the energy prnpagated-by the beam- through a 120-cm long,
sﬁ'S B-cm,i ﬂ tube as. a functinn of presstre‘for various gases. Here the
i presence uf a propagation window at a few Tcrr ‘ia clearly demonstrated"tht
pressure range of the propagatiqn wzndoa depends dn the gas.
. Fzgure 4 shows oacllldgrams of the beam current delivered to the Fnraday
= cupfcalorimeter et a propaaation distance of 100 cm at pressures ‘Erom 0. 05 to
. . 20 Tory alxw’ The data wa- taken'with a 120-cm long, .B—cm. i.d. tube with a "
. cupper screen lining. At the lowest pressure, the beam does not propagete
‘ uncil the gas is sufficieutly ionized to short out the radial electrie field,
chereby alleving the beam to self-fbrus. Ag' the pressure is increased, the
bean self-focuses eatlier in the pulse, with an increase in the: total energy
'transmlrted. These phenemena are oheracterisric of ‘the "ow pressure window
Lmnde of propagation first identitied in experlments with the Astron beam. 'At
072 Torr ‘the time of space charge neutialization occurs approximately halfway

through the ﬂulse.' At this pressure, the peak cutrent measured by the Faraday
‘ quplcalorimeter is greater than the current generated by the FX—ZS. This is
& ‘the "current amplification“ phenomenom also seen in the Astron experiments.'
‘ At pressures up to 5 Toxrr, the beam‘propagates ‘well, with nearly all the .
o energy transmitted to the: Faraday cu;lealorimeter. At 10 Tprr, the tail of
& ' the fulse is st*ongly eroded, and’ unly about 40% of the beam energy is eol-
et 1ected hy the Faraday cupfcalorimeter. At 20 Torr, the degree of tail erosipn

) i aven greater. Othﬂr experiments‘have shown that at pressures of 10 or
- . " o000 .



Wi_thoﬁt copper. screen -

B With copper screen
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5Torr . :
Fig. 2, Dpen-shutter Photographs of electron bezm propngating inside g IBO—cm" v
_long, 25-em i.d. Lucite tube, with coppet acreeu, (upper) and without copper
' screen (lower), at’ neon gas pressu.res of 5 Toer (left} and 50 Torr (right). ..
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S Fig. 4. Eeam current delivered toiFaraday cup/calorimeter at
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propagat:ion distance of 100 ¢m and at alr pressures of-'from 0.05 to S

./ + . 20 Torr; for 120-cm long, 8.8-cm i.d. tibe, witk copper screen.
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;'20 Torr thé I.ail erosion elso iucreases rap:ldly with propagation length.

; ‘1 Figure 5 showsg an open—ehutter photograph of . ..he beam propegating in agir
- ¢ s tat Torr in -a 55%—cm long, 8 8-cm id. tube. ('l.'he 1engtn ‘of the tube was
. ‘1imited only by~ the epece available in the. experimental areu.) Here, the bean
enorgy delivered to the Faradsy cuplcalorimeter exceedeéd 250-J.° Moreover, the
et : heam was well focused at +he collection point, as evidenced by.e. hole. in the

"' witness foil. The beam current oecillogram was very similar ‘to those obtained :

at shorter propegation length. indicating that the ‘energy Joss has resulted
from 8’ 1oss of the average electron energy atid not Erom a loss of beam

: tive electric field (ohmic loss) and not to the direct impact with gas

s molecules. The axial electric ‘field predicted by the EMPULSE, code (described

P in the’ following section) rauges from approximately 6 kV/em near the pulse

= L - head (=0.5 ns point) to approximat.ely 0,2 kV/cm in the body of the pulse. If.

C we average this electric field over the pulse, an energy loss of 200 to .
300 keV per particle over the 550—-an distnnce is predicted, which is in .

e reesonehle agreemen.t with the exp=rimental observation, considering the uneér-~

4. - IR ’.,a:mty in the mean particle euergy at the anode. .
i “In summary, the data show that iu air at a pressure of 2 Torr the hean
: propagates with no evidence of instebility. At higher pressures, the beam is
“lost by au erosion that prdceeds from the’ tail of' the beam toward the hesd
when either preseure or propagation length is increesed.' At lower pressures,

the beam is not well guided by an unscreened Lucite tube. The addition of a
' 'comuct ing wall inside the tube 1mproves the. propagetiou at lowver pressures
- 7- and we see: “evidence of the "low pressure window" and "current amplification"

phenomena previously observed in experiments wich thn Astron beam.

LA o TR cbubbrm;um:.— STUDY

) H
[l

- .Y The beam—propspation code, EMPULSB, bas been used to simiate the FX-25
experimente performed in low. pressure air. The main purpose of this study is

=L

to- determine whether the code model is consistent with the obsetvatigns of

—= i  , ¥ suppressed hcse growth at the 1owcr gas pressures ‘(1 to 5 Toxr), and the dis—

R ruption ‘seen. at higher pressures. A simple ena.l.yti cal” model of hose growth

has indicated t.he impprtent role pleyed by the av:-lanchiug of conductivity by

.electric- field brea‘cdown, but detailed modeling cnf this phenomenon can only be
made with, EM:PULSI.. oL '

: . iy
i e L N T N U A | ¥

electrons. At th:ls pressure, the éhergy loss is primarily due to the collec— .

i
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Fig. 5. Open-shutter photograph of beam
‘propagating at an air pressure of 2 Torr
inside . a 550mcm long, 8.8-c¢m i.d.  tube,

" without copper screen,” .
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o dominant role.

-t

Clearly, this experimental etudy provides an 1mportant test case for the
code, a successful eimulation of the data would give a higher degree of con~
fidence in the predictions it ‘makes in other regimes. ]

It must be enphasized that the experiments at pressures oelow 1 Torr are

‘not preperly simulated by EMPULSE.. The code cannot treat microinstabilities

’ (e g., the two—stream mode), while there is considerable evidence that propa—

' .gation is actually limited by such phenomena at pressures of about 1 Torr and

'below. The code is ﬁe51gned to treat the higher pressure regime in which

.resistive effects, such as the hose instability, are expected to play -the

-
.;'

2 : ‘ : Deseription of EMPULSE
. EMPULSE numerically models a highly relativxstic, seli-focused, electron

beam propagating in a gas without externaily applied flelds. _The current is

: assumed low comipared with tlie Alfven limit, so the paraxial approximatior is

,"-’.

dopted,for the bean dynamics. -The principal features are as follows:
(1} “The electroﬁagnetic field is treated with two components of .
potential (A and $¥, where Maxwell's equations-are solved taking the beam
Velocity equal to the. speed of lighr. A full discussion of these field

Lequations is'given in another report.
sequat T s rep

- (“} The plasma'channel is characterizod by- ralar electrical conductiv-

P

ity, gener ated by the passagé of the beam through the gas. The conductivity

-is given Eyv

2
N nee .
. g = .
LA m\’ 2 . 2
o m._. ‘ : _

o where v is the momentum transfer frequency between plascma electrons and gas

molecules, and n, is the plasma electron density. For the set of runs de-

scribed below we take

V= 1.8 107" 0, () =

where né'is%thé:number density of the gas. -This value is a good approximation

if electron-temperatﬁre is 1in the exprcted range 1 to 1G eV,

T
:


http://micro.instabiliti.es

The electron density, ns ia'gqnerated by direct ionization of the gas
by the beam and by avalanching in-the induced electric field; i.e.,
an J ‘ |
e ‘b i
T = K ng . + v n, -

18

. _ ” .
b is beam current density, and Kk = 2,36 x 10 em” is the effective

ionization croas section for 1.5 MeV electrons (the cascade factor is %aken

Here, J

into account)., The avalanche rate V. is a function of |E| /7 f£itted to the
pulse breakdown auata »f Felsenthal and Prnud.5 We neglect recombination; this |
'approximatiou ié valid for all pressures except the highest cnes (100 Torr).
For the undisturbed current density profile, the truncated Bennatc form is

used:
o Ib(x) r2 2 rZ' 2
Jbo(r, x)} = N{a) 7 (L +—5 1-- .
Ta a R

with radial coordinate r, scale radiu$ a(x), and channel radius R. Note that

a, Ib’ anc normalizing factor N(a) are functions of the Doppler-sh' fted time

varialle,

-

x=¢ct -2 -

but are not functions of z; i.e., the current profile 1s a fixed wave form.

The particlular form used here is

: L -x
= X L
Ib 10 tanh (Lr) _tanh Lr "

with I0 the peak ..rrent, Lr_the rise length, and Lp the palse length. The

radius a is determired from the emittance & (assumed constant) by the ysual
pinch condition

€ e (= _—
— = B, - ¥E ) N
a2 Ych 0 I

“ with the averages takel. over tiie beam curremnt profile. Since Er and Be cancel

at the beam front, it 1s necessary to impose a maximum radius; we somewhat

arbitrarily take a < 10 cm.

-10- )
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“pinch :Eif'la.- Each disk 1s' thus: propagated 15z and characterized by digplace-
o 'ment Y (z, %) w1th i= 1,.._., 100., The displacement -of a segment as a whole
is @ distributed mean; ST ' '

each decompnsed in..o two a.zimuthal components"

ment of magnltude Y(z, x.).p

1 — 3 j !
(3) To .treat hose inata‘hility, the four functions A ¢, o, ‘and J are

3 "‘, : -
e ﬁ ;_-‘. . N L
‘Az = AzO ‘,-”Azl sin 0, . i e
J ' ) - K4 . 7-.‘ ’ '.. _..:' - '!:a'_i.' ' b hid -
¢a B T ¥ 5in.0 * i PR T “‘j}!‘_; e
. o= b, * Oy sin8 " ,. ) - N PR
L& . L3 ‘= 3 - bQ B sin e'_‘.‘:. S ",,,. L e \ sl

"b. b0 dr.

A !| .

. The dipole com:-onents (those with 3:£n s dependence) are. consa.dered to be
.of small zmplit:uc!e, so that 1linear. analyois applies, but they va::y rapidly 1a .
" x and. % ‘as a manifestat:ton of, hose inetabilit.y. The partieular form f.or J, is o

b

-‘the r:l.gid bearm m:pression.? 3 whieh eorresponds t:o ‘a simple sl.dewaye displace- '

toip
- LA
_.o- T .

g -

(4) " The bezm is composed of 300 ‘to 500 segment.s of. varying thickness,

‘Ax,-\which do not :I.ntermix as thé Jbeam propagates in the +z direction. an‘x

segment is iteelf composed of 100 dieks with d:.stributed’ relativirtic mass to"

‘ s;mulete the phase’ mixing effects “of particle orbits due to the an.hamonic :

a3,k ’ '::\'..;‘rl_., ) _ 'I ,l oot
. 100 " ’
EE T3 % A o :

SRR L

w:[.t.h“ the £ selected to be :1n aéeord w:lth known properties of the Bennett

N i R . f e

{.v) Thr .E:I.eld equa.tioue are eolved uy atam!ard finite difference meth-

profile. "

“ods.. AL senait::i.ve. caT culations are second order accurate. Boundary

condlt_.cns must be imposed at R; £or the case at hand, we cons..der that the ’

confining drift t:ubo ig a prerfect conduetor, so A (R) * A, (R) = 0,

A t.ypical run of the type reporte& here requires about 30 min computing

time on the coe- 700”4’. . : . 5 :
v rf ' .',’ : " ; ‘

. e ~11~
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Five runs ‘of EMbULSE were- maae ta einulate pronagation in the Fx—25
diode experiments ‘at pressures of 2, 5 lO, 20, 200 Torr air, The’ dri .

'chennel wae;bounded by ‘a metal wall at R =4, 98 T, ana the parameters used

£or the'model current waveform were i "-f}a,-. ?Jh

. A . LT
. L i '

The beam energy was chosen to corxespond to a peak vnltage of 1 5 MeV (T = 4).ﬂ

Emittance was selected such that the fullynpinched radlus is a=1 em- (with

:'10..kA i "*T"‘V'::."-: 120 cm ; Lp'é 1'200'%;‘}5-'.‘ | T

funl cnarge neutralization and peak current I ). As mentiened, the pulse head L

10

. is expanded, with maximnm radius’ of_lO cm. Hence, the actual profile of the

head is dEtermlned by the truncation factor @ - rle?)z.,

At the point of injee:io" (z a, 0), a perturbation of the fqrm '

- - A
s . Y L i Ty
nowet . - . .

Yesaw o () ,.

”ﬁ'wes appiiea. The entire pulse propavated to z Ex hOO cm (corlesponding to

| abo;t 15 betatron wavelengths fox the fully pinched beam, rhe ecrual bete“ron

wavelength is increeaed ‘by:a factor of 1 .to 3 because of current neutrallza-
tion)- Fieldq, cpnductivity, beem rﬁuius, and Beam displacement were .

' dete*mined as functlons nf x and z.

e i ) - . .. U :.. ) Lo

Results oF Code’ Runs C )

<. Table Y.gives the most s;gnifican: computed quanticies for the descrlbed '

EMPULSE' Tuns. . “Net current," "electrical conductivity" on axls, plasma

: "electron dens ty" on axis, and “beam radius" are given for the representatiVe
" point x = 500 cm (roughly the middle of the’ pulse) "These are equilibrium
quantities and,’ 'as guch, are independent of z. The "pinch po;nt“ is the. posi—-

“tlon in the beam head at.which self~focus effects:create the pinch equilibrium.

. This is somewhat of an artifice of the manuer in which the profile is handled,
but it is conasidered & reasonable indicator of the "true beginning of " e ®

equilibrium. V"Haxﬁmum displacement" gives the largest dmsplacement Y(z, ¥
comiputed ne&f the pulse nidpoint at x ~ 600 em. Since the perturbed equations
are 1iuear, Ymax should be compared with the’ initial pertutbetion.amplltude
of unity.- The iy point where acse amplification begins" gives the point in

Z12-.


http://ao.se

.\\fg;/r.he‘ po:mr. x =" 300 ém.

-1

Cumputed behavior of beam-plqama sys em; at several preSSures., Net:
current, conductiv:.tv,* eleactror: density and beam-radius are., given
\Conductivity and ‘density aye on—axi_s

vnlués._i Maximum d:lsplaceﬁiént is given ‘for’ g: = 600-cm poinr.
' J. | . ‘-\ j'-r '.,‘- = o Hax:lmm ." !,.:u: Pﬁiﬂ?
By : ) ! « " s 'gisplacemeént’ -where hose
. - Gas Ne.. Electrical .2 Electréna Bén' | Pinch near amplif:!ca:iun ‘
. ‘" predsure, cu.r)em:. conduotivity. 'densigy, _ radiug, ‘-.point.‘ x = 600 cm. begins, '
: : CTorr, A - .sec” .oem cm oG Jem, - - em
o Tz U360 kg0l sk de™ Tz e . 100 ¢ -
e T s ‘430 32wioh aaxad? 166 hes 17 400
. a0 emser  mak el . sewaot 1,38, 3.5 225,
T c2e e 3l 1012- S ek 20 a7 s, 175
© T L2007 29600 9.8 ¥ wl siox 101’ 1;025_ 12. 200+ 55
2 G:lven for the poim: o 565‘:".'111._-' ¢ o - - _
' L u: ) S ’ ) . . ‘J: Lo

)
- o K . I

’“ the pulse wher%_- the osc:t.llat:l.ons begin to . exa eed the inir.'tal perturbat:iun.

-’:;' .

Its mesn deri'vative wil:h x issalszo estimaten.

I
‘ a2 .
) _dx &

For camparisun we not«. that, with d:i.re"l: ioniz:at:ion alone (v

. conduci.ivity rise is such that

e (dlfdx) 0. _;"'“

A -
s

Previous_’/ 0 th:l.s po:lru:, Y shows only damped osaﬂlating behavior,
: In‘Table 2, the’ dlpolé discay leugth for che poin; X = 500 cnn ig given. )

‘J:nese quantitles are useful in’ the interpretatiun of comp.uted hose. pcowth.
= 0), the

4 7 ;
Discussion of Results and Comp&r.laons with Lthe Expnriments

-

We‘\nnte £:Lrst1 that the input for the fiva cumputations differ only in’

gas pressure .

“'f'the runs. would be' identical.

Table 2_, . L\:Lpole decay 1ength vs prEEsure.' Here A S

Fur"::er, the laws govern:lng e:he generation of: conductivity are
Bu‘c.h that {if Ld:l.rect 10n:l.zat"on Were the only p‘fucess produ(‘ing n_» ‘then all
The: considarable differences ‘among hhe Tuns can,

1To‘a /2c aqd d.de =’

0.106

:_n’ﬁ , . - 27500 cm 1s'a rough mean t:hrough the pulse._

o Pressure,.Toxr S B 5 e 10 20 - 200

© A, em - . .. 4036 - 461 ,, 233 215 *53.4
¥ angax ©oToa,07 0 T 0,923 ¢ -0.365, 0.430

. 3 - o h. f . . . L . ‘ ‘.'- -13- s . “ -




L LR o ddl e o

L,

- n.‘:];

) therefore, .be ascribed to the degree of :.on:.zation due to avalanchlng in the” A R
induced electr..c f:’.elds. ‘Ihe avelancning procees :Le found to dom:lnate conduc-'-:
‘ \1d 1s- neglig:lble at, 200 Torr. - B : e

P tivity formation at P = 2 'Iorr»‘
The :lonization calculated by EMPULSE is in good agreement w:l.th tI-e

ea‘per'.'.mental measulemente. Uln I‘:I.g. 6 the computed ::esults i.'rom Teble 1 ate B

plotted along th expet.‘i:nentals resulta (from Ref ol for pressures up tg . - A
- 20 Torr (at ZOD_Torr, recombinetion :111 beg:l.n to limit _he density, and this :

18 hot :.ncluded :L:l the version of *he ‘codi used here}. | The agreement is better L :
S than m:lght be- expected at L- Torr and above, c' :ne‘dernfg"' the fact ‘that the -

Tl current ~Weveform, the rad'i.el proflle of the head, etc., :ls onJy an’ approximate

g repteeentat:lon of thn exper:l.men We 1nterpret the rap:l.d increase offelectrnn‘
dene:l.ty seeén in experimentss nelow 2 Torr as the oneet of two—streatu :l.nstab:tli- i N

e 'ty, as mentioned under Et;perimental“ﬂbseruations.

4

The general pattern of the - predict1ons for hosge amplif:.cat:lon is aleo in

agreement with the experimental obeervations. To illustrate th1e, we present oo )
:l.n Fig. . 7 the exper:l.lnentally determined bean pulee energy on a target" fag - °
100 cm) ve preeeure, overla:l.d with EMPULSE code prediction of the. amplif:l.ce—
t:l.on factor (Y /¥ 0\, .600 cm J'.nto pulsé. The presence of a stable ol ndow“

‘around 2 Torr can be seen to be in good agreement with. tha code predictiou. ' i

~ Some add1tional comments on the code resulte follow.

L T - A . . - g

. I - ’
iue primar:l.ly t') the direct pro"ees :Eor R

(_1) In a11 rune, ionization is 7
the firet le cm, ofL pulse. B Hence, the pinch point 1a gsimilar for all. o .o

‘ ‘(2) In all runs, net current is close to beem current thrcugh the f:l.rst

30 cm of pulse, thereafter, in the 1ow pressure rung, the ava.ra-u:hing of g,
' tends te freeze An net, current, caueing Ito £all well below I in the. body of ,
: _t_:_he pulee.. ' But for. bigh preeeure, l_ = Ib throughout ‘the pulse. . i

S § (3 - Beam 'radiue,_?,'ehoul,d.f_;be, given appro:rinlately'by:"‘_ . N
. . . . . - R - e .

R - T ey

"y Ly
. Ada =~ constant.

’rhie is. qualii.etively born out. The deviatione ircm th:le rule reflect th e : ;
fact that the plasma and beam current deneity prof:l.les differ. o
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) EMPULSE calculation .
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X (4) ’l‘hf- product n 32 18 nearly indepeudent of P for the 1ow p..essure
& Tuns; 'the bteekdown'process appears tn remove a. onstant amount of energy from

the pu]se. Honce, a and A vary as P

LS T - - : O el a e . .
% [

s ' (5) In tha puJ.se uody, he ma.ximum hose grom.h from point xo ta X #-=  o

ST

predicted 'by simple analytic models to he3

,,.r : . .

Valves of ¥ derived from\ ¢hi s f-omula, us:lng the mean valuc_ of dlldx, are
B given in Ia'ble '3, We take x to Le .the puint at which growth is fitst ob-

2 0 )
’ . served, and wer take a-= 600 cm, the pomt where Y nan 1s cmnpated. Approx:l.mate
agreement be*ween EMPULSE Tuns and thie formula is evident. ‘

o . . -

(6) In’ no .-m-. except P 200 Torr ig’ the pu.l.St. head unstable. This' ie ‘
a new" ‘feature ip the hose ..-tabil ty pic..urt‘ predicted by EMPULSE but not yet
fully understood. it is known that hose growth should be strangly euppressed
at -.rery low conductivity (ca/e < 1), wh:.ch prevallr up to the pinch point. J.‘t

RLENS

v ‘ ) (7) Hbse growth is delayed by rapid growth oE K note Lhat the aosition
T at whj.ch hnse amplificat.lon begins (xo) im:reaeea an P is reduced. Th:ls fact
. is probably explained by the competit:mn between phase mixing and unstabie

growth. The damp:mg always preva:l.]a at small x, 80 as hose growtb :ls reduced.

R tne damped zone is expanded.

. Y
.. . IR ' :

B - - L
R
st

(8) Finally, 1t 1s important to unte that the run at pr= 2 Torr lhOWS

“fno hose growth at al.l.. EMPULSE can be run at yet 10war pzeasures, at as we
Teble 3,. : Comparilan of the analytic estimate uf hose gtowth with rhe growth »
! '- eomputed with EMPULSE. EE L .

s

- Pressure, Torr_ e 2 } : R 10 20 200
) Analyt.ic eltimate T e - L& e f.-lol..‘,’g.,i’ : 7.2 - &% 1()6

mur.sz " N T B A 3.5 4.5 - z0o0+

- -.. d E G e _—
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A, B

have already mentionec., the resu‘i.ts ‘are nnt 1n accord w:lt‘h thé experiment. A

preliminary study (runs at z=0 nnly; shows thet the trend of :I.ncreasmg A
with decreasing r continues at: ‘I.east to 0 1 Torr. No “starvation" of ‘the .
secondary iou:l.zation is observed in the computer rung, 80 the poor propagation,_

: observed :I.n the experiments belov 1 'Iorr do nol: appear to be related to hase

:Lnstabi].ity. ; Rather, propagation— in this, reg:lme can ‘ba axpla:.ned by the two—
s.trea'n i—nstability, as will be diat.ussed :I.n e separate report. e .

s '-\_.

Th:l.s work vas. jo:l.ntly supPorteu by t‘ne DEpartm:nl: of the Nav-y, un der’
I.= contract No. NAomz 11..76. O B ) | o
| -l N “ '. ’ o . “‘ B - . . 4 . .
4 ; :
e P -
.‘ A
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