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Abstract
Measurements on electroh-beams propagating in a gas filled drift
tube show pressure dependent longitudinally periodié variations of lAight
intensity, p-wave emission, beam head velocity and net current, These

results are consistent with an ionization instability, such as that proposed

by Eastlund,
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Fo.llowing récent fechnologi;:al developments in the generation of
very;h_igh-current beams of relativistic electrons, a number of theoretical .
and for expei'irhental puBlic_:ations a.ppeé.fedl“7 conce.rning the propa.g:ation
of ﬂxgse bea.r_ns under va.xjioua conditions, So far, all '.theore.t_ical calcul;.-
.tions on equilibria in established b?ams assume longitudinal syrnrhetry

 along the beam axis, Also, when the propagation of theée beams _in: ﬁeutral |
- _gas'es. is considered, the collisional space charge neutralization at the beam
~ tip is .a.gsumed to occur confinudusly and thus .pr_'oducé 'Iunifor.;.:n propagation -
..-rof .th.e beam front, Simila.riy, most _ana.lyses of experimental ;'es;t.;.lts in
cases where beam propagation is observed are based on 'ghes‘e same as;ump- '
_.tions. In only one .cases, under particglar circﬁmstancés, was sudaén beam
stoppage found and accepted as an indication for the existence of the predicted
. upper limit (Alfven limit)g-_ for the .beam current, |
| In this baper, we reiﬂoz_'t on first results of experim'eﬁts. in which axial_ o
periédicities in the light iﬁtens_ity are observed on beams propag.a.ting.. in gases,
‘These fgriiﬁdiciti.es are fOund to be correlated with periodicities iﬁ'the pfoPa-._"
' gé.t_:ion of the b.ea.m f'ro'nt; m the microwave a.ctivity-'. and in the neﬁ currenf of
] tl;e_ béam. Thése_ iluctu_a_ﬁons apfea;r to be.cau.sed by an inqtability in the
| .iqnization-ngutrélization..of the béam in the ga.a;s.. The reported beam st0ppagé.'.
. seems to b.e Ian éxfreme case of.th_ié ph'.enorneno_n... .. |
The experirﬁents ﬁrére pe.r.fo.r_med using the pulséd highnvoltage tr#hs- |
- mission line'aﬁd vacuum di_ocié combiha;tion desc_fib_ed earliérw. 'I‘ypiczlllly_.i
. beams of 30 - 40 kA -l'.lavin.g.. ehgrgie:a_b.f.'sso - 400 keV are iaunch.ed.thrOug-h' -.

a titanium anode foil ,02 mm thick. The drift tube, of 6,40 m length and o -
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at pressures h1gher by a factor of 7,

Ifl cm ID, consisted of lucite which was .li_ncd .wiﬂ; Al-mesh to provide a return .

path for the beam current. For space charge ncutralization, this tube was

generally filled with air in the pressure range 0.1 - 2 torr, In some shots,
helium was used as the filling gas,

For diagnostic purposes, the entire fube or parts of it were photo~

. graphed using an 0pen-.shutter exposure, The entire tube was also imaged

onto_:_l'..fxe. chotocathode of an electronic streak camera ha.v_ing.' the stree_.k :
dir.:e.ct.ior.x peroendicular to the beam dir.ecfion-..' Integrating m.a.gneti'c pick-. |
.up loops at fhe' tube wall measured the self-field of the beam, i.e., its net -
current (beunr current minus return-curreuts flowing in the created pl'esrna).
In some cases some of these loops were used as p-wave probes the signals

of which, 'aft_er passing through a X~band wave guide, were analy'ied by a 3

. calibrated detector.

o A typical example of resulting photographic and streak recordings is

shown in Fig. 1, The periodic intensity modulations apparent in the photo- -

: graph'fully correlate with the structures in the streak, the bright areas of -

the photograph corre5pond1ng to the long br1ght lmes of the streak 'I'he wave
length of th1s structure is qu1te reprodumble at any pressure Up to- 25 "nodes? -

can be seen at high pres sures. No s1gn1f1cant variations W1th bea.m current

'and'ele',ci:ron energies were observed in the investigated'-regime. However, o o
' :as evidenced by Flg. 2, th1s wave length is mversely proportxonal to the air

1'pressure P. Usmg hehurn filling exactly the same. phenornena. occurred '

Co1nc1d1ng with thw atructure, permd:.c variations of the bearn head

- velocity can be seen in the streak. "At sma_ller pressures these becor_ne_rnor_e -



pronounced, and reeemble tﬁe mentioned beem stoppageB(Fig..B). The
) beam head, after trevelling almost.with'the eelocity of the single electrons,
' -‘_slows down cons.idera‘bly e.nd iareceeds again only after a delay time which
appears to be reughly'proportiona'l to (l/p}z. In the _case of Fig, 3, a |
simi-la,f_delay was fou_pd-in_ the rise of magne_tic-leop signals before and
.'after-'the step", From a larger se't .o_f magnetic-lo.op measurements, it
: eppears that the measered net curreﬁt also c_or_r.ela.tes with the position of
- the probe relative to_the eteps. - However, t.he. average net current is mbre
or less preesﬁre independent. | |
.Further' conﬁrmation of th.is structure ha-s le.een ob'sex;vcd in i:_he I-le '
wave emission from the beem.ll ’fhepeak intensity of the radiation builds
up going downstream along the reg.ion initially bright iﬁ the: streaic. - Then,
' | .this signai suddenly decreases by abeut 15 db in the vicinity of the_steps, |
only te gro;v _in. maghitude again throegh the nc:?t i)right r_e.gion. .T_i.me .re..
_ .solved measurefnents of the occurx.-en'c.e of the emiseion ;eeord the same
de_lay_ in step re_gion as found vﬁth'other 'diagnostics.":. :
From.'streak picture.s,' it eppeared thai: characteristics similar to
'. the .oxi_es.. ..obse_rve_d,dOW_nstream_ occur_a.t the .injection_end. This findi.ng was
: substanhated.by measuremeete in wh1cﬁ all d1ag.nost1c.s were concentrated on
. the hrst l:wo meters of the tube, It is found that the injection regibn_actually
i ."is very similar to the stei) regiox_is:furthcr. dov;:n stream:. the streak light
_ level is Iow, the p.-weve emxss1on 1f weak and there is a delay between

start of 1n3ect1on and beam propagat:.on sumlar to the correspondmg delays |

-l )

in later steps.



The total delay incurred from these seems to_'ex.'pla.in the 'ovéz;ly.long_"
transit tilfﬁr;: of the 'ije:a.xiﬁ head foﬁhd in Oﬁr earlier measﬁrcmeﬁfs.lz However,
no hara 'explaﬂation for this phenofnenon c_:an.be offered at pre;ent. The
strong pressure dependence of the periodicity indicated that it is not merely
connegtgd‘lwii‘:h :so-me cavity mode of the mesh frall. ‘Also, éelf-fﬁ'pussing
'.betat.r_;)n modes of‘th.e electrons can'be safely excluded since the self-fiel& is -
_ independent of .the gas pressure, It appé.ar.s that thi-s structure results from.

a periodic. reproduc;_'ti.on of thé injection process at the tube entraﬁ;e._ Ir_1 thé
step region, the electrons first ;.re- deflected to the tube walls by thgiriowh- |
.sr.a.ace- éh;rge, (as ind?.cated by X-.réy détectolrs). Upon cr_ea.fion of sufficient
ions, self-_-focus#ing of the beam occurs and propagation starﬁs.' 'I;Hen, ioni-
' zation and neutralization of the beam charge is increasingly'a.ided by_high.. :
intensity plasma waves created by the beam, This is indicated both by the
,ih_;reéging -“,wave_raaiation and by"the increasing. liéht output which exce‘eds
by far tl;xe:light infenéify resulting from tﬁe prirﬁary electrons at the darker
| initigl phase of the-propagafion.:_ In t;his p‘haée, the beam head almost attains -
. the velocity .Qf the prifna:;y electronsl, until for some reason; the wave acti?- |
. vzty a.sixb'_s"i;dés 'é.nti._': the "i:o_nizat_ion ha.s to be accomplished by the primary e
_électrons a‘1-.<'5,5e-__ | The .p.x.‘ima.ry importance éf the ionizatidn pro_cess is underl-_'
: 1ined_ by _'Fhe m‘c:_n_t}qne'd Ppressure .scale factor llfo'r.'l}ell'}um fiilihg_ _v'vhich.a.grees .A
well.:\‘:&ifhlthé. ratio o.flltl:he efféct_ive :-ié-nizat_ion c;os.s 'se_ctions; i, e., _the"p'roce.s-s E
seéms to scale with_.-the product of gas density and iox;izétio_n crﬁss éecti;:n.
Oné such mecﬁaniém has Beeﬁ p;0p§séd .b.y .Eastlund.ls _.A.ccordin.g..to
21_::1'_1_i8.-_e_xpla.r_x__.at.ion,_ a cafc.q.st‘:_:_-p?.‘hi._c _instabi}ity'}.'n the iqn_iza.tio_n proge_és can result
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f_roni- t_he 'cphefe_nt Cerenkov radiation generated by the rapidly rising front

~of the Charged-pé_.rtic;le beams propagating in an initially unionized-gas.. - As

described by Ea'stlund, the radiated power and the plasma density_lpr‘oduc.ed
by the 'radiation‘.grov} abruptly m time aﬁd therefore as fuﬁction of distance
aé- the beam traverses the tube.. After re_acfxirig a certain plasma densitf,_

the radiation and thus the corres’poﬁding ioniiation__éf 'th.e .ga's is stopped énd

the entire'process_has to start anew,
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Figure 1.

Time integrated and streak photographs showing axial
pericdicities in beam propagation.
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o . Figure 3. 'Low pressure' (150 nTorr in air) streak photograph ,mroswa_m a
Llgure . |
- single beam discontinuity. . : P : :




