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ABSTRACT

The transit time of high current beams of relativisticu
eléctrons (40~SO_kA, 350 kev) through an air filled (0.2-2.5
Torr} drift tube has been measured. It is.longer than
axpected, even allowmng for the loss of beam front electrons
and for orbltlng of the electrons in the beam self magnetlc
fleld Also, a pressure dependent non-unlformlty in the

beam motion was observed which may account for this delay. .
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Recent technologlcal advances in the productlon of

'-hlgh current beams of relat1v1stlc electrons and 90851ble
-VFappllcatlons have stlmulated research 1nterest ln ther‘
'J;;behav1our of these beams under varlous condltlons.l'z_ To

'prov1de rapld neutrallzatlon of the space charge, these—

beams are. usually propagated 1nto a gas or preformed

”'wplasma. Alfvena'and Lawson4.have shown that fully neu-
trallzed beams w1th a unlform current dlstrlbutlon cannot

_exrst for total currents above a crltlcal llmlt

é-— 17 000 BY amps,where B = % and Yy = (1- B ) ‘.. Recently

Rostoker and Hammer5 have postulated the ex1stence of

-Qnon—unlform beam equlllbrla capable of malntalnlng con-

51derably hlgher total beam currents. In these cases, the Iy

‘;average propagatlon veloc1ty along the beam axis drops

28 Il(L)/ [L I (L)] In”thls.equation

-H

8 SOO By I I (L)/I (L) amps,where "

it

-Jls the’ experlmentallv observec net beam current and

0.l are ‘the modlfled Bessel functlons. To 1nvest1gate
¥ . T

““these problems, measurements were. made on a 50 kA,SO-nsec
-”beam of 350 keVv electrons propagatlng ln air. The electronr'
F_beam was produced in a vacuum dlode drlven,by a pulsed -
;:hlgh voltage Blumleln generator. The electrons entered

a lucrte drlft tube,lB cm. in dlameter and 6 4 m long,_
:dthrough a 0 025 bitish tltanlum f01l | At-lnjectlon, the beam

::dlameter was about 10 cm and the angular Spread of electrons
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_about_zo'deéﬁ-rTo provide a return path for the beam current

-the:drift'tube was-lined with'AlQmesh;

For dlagnostlc purposes,_the average magnetlc field: at

t:ithe tube wall was measured at various posrtlons along the tube
7ru51nq.sets of lntegrated magnetic Dle‘up 1oops. At the down—
ristream tube end, and at two DOSltlonS along the tube wall (.55 m
.. and 3 m from the dlode end) tantalum f01ls and shleided sc1n~'rl
ftlllator photodlode comblnatlons were placed to detect 1mp1nq1uoﬁi
':faqt electrons.ﬂ'In a separate arranqement w1th a. shorter drlft-
H_wtube mlcrowave eniss sion 1p_the'X—band waS'measured 2. O~m from:
.*ﬁthe rnjectlon.end. '?he nsefof 556. ekronlx dual- beam 0°01l—-.

loscopes allowed various pairs of these SLgnals to be - time-

correlated{ In.ddditiou,-the entlro tube was lmaged onto thej

"gmhotocathode of a fast electronlc sweep camera.

A set of recorded data, tvplcal for all pressures, 1s

tshown in qus; l and12 _ In aqreementIW1th the results of
"Gravball et, -.l;l} the magnetlc plck up looo slqnals show a
”procsure depondent rise tlme of 20 nsec. and decav tlmes oF
jup to several hundred nsec.. Uelatlve delav tlmes between

T ;varlous 0051tlons were determlned from the 1n1t1a1 rlse of

the_51gnals. Doth N rav detectors at the tube wall exhlblted

*_}a&ﬁulp;eeakéa 51qnals;r Tlme delavs‘derlvedwfrom:the initial
Jrlse of the'ngnals or from the jelets 1tions ofethe firstemaxime.'

*ulesvtntlallv aoreed At presoures above 800 Torr, theﬁsiﬂﬁal

.'.'-"":_from the end. x-ray df‘tECtOl‘; "IIOWGd a flat precursor startlng

up to 35 nsec (at ?000 m rnorr) bhefore the malr_pnlk'o::electronsf_JV"




'front tran51t tlme can be expla_

$

"5rrthd-'-ﬁeqm'trﬁn sit tlme* are comouted.from.the time: delav
'_3-of the beolnnlnc of thlS procursor with respect to the 1n3ect10n
fcurrnnt , The mlcrowave detector qenerallv 1nd1cated a short
_ intense_m1crowave burst. From the streak photooraphs,- he_.'

:rﬁropegation ,peed of the beam was derived from the average
.enqle‘of the leadlng edge. As apparent.fromﬂFlg, Z;Nthe streek R

lfbictures.exhibited a. trlatlon like oerlodlc structure, the

wavelcngth of vhlch was 1nverscly proportlonal to’ the tube

"pressure.

ﬁThe transit times for the beam front,derivédffrom_various_

-meeseremehts wereenorNEIizéd torthe'full tube"length=of 6. 4-m57
oassumlnq constant propagatlon veloc1tv over the full path as
'lndlcated in Flg. 2. 'The results. are shown in Flg. 3; ,$he_
fstralght—path fllcjht time fox 350 kev electrons would be

' 26 nsec. - The con51derahle larger measured values for the beam

, to some extent bv the

_loss of“electrons~atcthe beam tip- due to 1nsuff1c1ent space

charqe neutrallzatlon.' Takingean 1onlzat;on_cross section of
18 - 3 . o C ;

1, 2 X 10— em ;_the'eorrespohdinq'contribdtions-to-the'tranSit-

Ctime can'be estimated as 1 = 5/p nsec, where the pressure P 1s_

:.given.in-Toer. This’ estlmate agrees:in order of magnltude
:fwith_the delaysrfound. Also, 1t$_proportlonalltvjw1th 1/p
" could he'fitted.quite well to'tHeErESUIteﬁof.?iéeeB. dn'fﬁe
Tother hand the calculated values are somewhat small - Cven

;aIIOW1nq for ‘some uncertalntv 1n the estlmates the t1p lossee




~alone can neither explain the long. transit timeswpersistin§'5

at hlgh pressures nor the delav tlmes at low pressures, wblch

. are 51gn1f1cantly larger than the sum of pulse length and

stralght—path tranSLt tlme.'”.

The tran51t tlme contrlbutlon due to the curvature of

3.uthe electron trajectorles in the self magnetlc fleld of the h
.ubeam can be estlmated from the magnetlc flelds measured by
.hour wall probes. These flelds correspond to net currents,
'i,e. prlmarv electron current plus plasma return.currents, of
r;about 10- 20 kA for all pressures about 200 m Torr and the full
.".tube length except ‘the first’ 30 ‘cm on the dlode end & From,thls;.ﬁ
an average'tranSIt tlme"lncrease of about-6-nsec can be expected.
' .However, due to current shleldlng effects of- the plasma around
_'the actual beam, the magnetlc flelds w1th1n the beam and thus,:'
;_also, the correSpondlng effect on’ the tran51t tlmes may be |
ﬂpsonewhat larger.5 Still, 1t is. hard to account for the trans;t

*utlmes measured at 1arge pressures.

Another contrlbutlon to the tran31t tlme mav be assoc1ated

‘with- the mentloned structure in the streak photograohs A
%'closer 1nvest1gatlon of thlS structure 1ndlcates sllght perlodlc
'”fluctuatlons of the beam propagatlon veloc1tv around 1ts average.

o <
'5At pressures 150 microns ‘this nonmunlformltv becomes very

—~

f[pronounced and almost step llke as 1t mav be produced bv
.coherent Cherenkov radlatlon of the fast electrons ln the result~'

4 ing plasma. Further 1nvest1gatlons of thls p01nt_are in progress,_-_.f'
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