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R.L. Carlson, P.W. Allison, T.J. Kaupp;la, D.C. Moir, and R.N. RidIon
Los Alamos National Laboratory
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Abstract

The REX machine al LANLis Ixing used as a protmy~ 10

generate a 4-MV, 4.5-kA, 55-ns flat-top elecrron beam as a

source for injrmion into a linear induction accclcralor of (hc

16-McV Dual-Axis Radiographic Hydrotcst facility. The

pulsed-power source drives a planar velvet cathaic prducing a

beam LIMI is wce!erated Ihrough a foilless antic apcflurc and

wansported by an air core magnetic Icns for injection inro the
first of 48 linear induction CCIIS. Extensive m~surcmcnts of

he rime-rcsolvul (cl -ns) properties of [he beam using a srrcak

camera and high-speed electronic diagnostics have trccn made,
These paramclcrs include beam current, voltage, cumcm

density, cmitlance, and transverw beam motion. The cffcclivc

calhode lcmpcramrc is 117 cV, conrcsponding 10 a Laposiollc

cmiuance of O.% mm-rad. Transverse oscillations of lhc

Lranspcrncd beam have hem observed via a diffcrcnccd B-doI
tcchniquc to be about *1OO pm at 245 M!+z. This beam
mo’lon has been correlated via dcmilcd rf mcasurcmcnts of

~symmctric rransvcrsc cavity modes in rhc A-K gup.

1. INTRODU~ON

The Relativistic Electron-Beam Expcrimcn[ (REX)

machine n[ LANL has been sclcclcd as the [y~ of injector for

the Duul-Axis Radiographic Hydrotcst focility (DARHT)

16-McV induction accclrrulors. This (tccisirm is ha.scr-lupon

lhc dclailed mWurcmcnL$ and I’CSUIL~previously reporlcd [ 1,2].

I’his popcr prc,scms rcccnt rcsul~ using a smaller co[hodc
(63,5. vs 7fi.2-mm diam) with a finer.wructurc-cloth cmilting

mmcriul known iLs “vclvctccn.” The pulsd ~jwcr source [.3]

has rcccnlly hccn modified m produce a Iongcr (85. vs 45-ns)
FWll M and fhcr (z 1,5 pcrccnl) cbron beam pulse us rc-

qulrc(t hy t.hc f) AR}iT occclcramrs, 13am mwching hardwnrc

u.rrdUansport mC~WmmCnL5 are rJc.scrihcdtdong wilh lrwrsvcrsc

twum. momm rcdrmions ob.served III the cnlrimcc m tic rirst

[) AR}IT Induclitm CCII, ‘Ilis hctim t,m~itm con l~iid I() (IIC

unwan[cd flcmn llrrcak-(Jp (III](J) lns~bllity in lnduc(l~m

ilccclcralors containing muny ~ilfkS, ‘1’IIC 2.[) I) WIIL’IC.111-C1’11

code ISIS 141 hlui Iwcn used m cl{wly model IIW cxpcrmwnurl
c(mfigurnli{m, “I_hccxpmnlcnml wrwr~cmcnl is dlscussul m

!kclmn II urrd he duru ml rcsulls mc pfc,scnlcd ill Srcuon II 1.

W{lrk prrlormcd uIItlcr Ihc nuspccn t)( IIIC [JS, Iklmrln]rtll (I(

I:nrrgy

II. EXPERIMENTS

The or.rtpul end of lhc REX injector is shown schcmm.ically

in Fig. 1 wherein he 147-mm anode-ca[hode (A-K) gap region

is housed in a vtmum vessc! cryogenically pumped to a bmc
pressure of 6x 10-6 torr. The clccrron source consists of a
63.5 -mm-diam, vclvcmxr cloth cathcmie rcccsscd about I mm

into the surface of [he cathode holder and field forming

assembly. The field fcwrningelecrroclc is ccmertxi cm a 1.H3.m-
diam x 254-mm-lhick Lucilc radial insulalor with cmbcddcd

aluminum grading ririgs separtuing rhc oil-filled output lrwrs-

mission line from the vacuum diode region. The magnclic

field used for beam cxwaclion is gcncralcd by an air-core,

bifilar-wound, solenoid extraction magncl (161-mm id. x

216-mm o,d. x 4115-mm long) whose ccnlcr is kwrtcd 505 mm

from the calhodc surface. The cxraction mirgnct has IWO

udditiona! Iaycrs containing cosine-wound diplc Uim coils [S1

usc(l to null lhc Wwrsvcrsc fields, The magnetic field w lhc
edge of [he cuihodc is Iikcwisc nullcd by a 1.7. m-i,d, t’mckmg

coil ccnrcmd 14 I mm bhind tie cmhodc surface.

The REX pulsed power c[msisLs of u hlarx gcnermor thisl

charges a wnlcr pulse-forrning Iinc lhat is switchccl imo ;I

glycol- mwl lhcn im oil-hosed trirnsmission Iinc mrmin;l[lng II]

u liquid rtrdiul rcsismr #ilh o VUIUCof 175 il. This rcsltu)r

provides u sli(f vol[i)~c source [o drive Ihc diode, VOILIgCS uml

CUrfCIIL$ ~$s-(~iilld Ix)(I’Iwil.h ihc pulsed fx)wcr and lhc clm’ln)n
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beam are mcmurcd using E-dot and B-do[ :ypc monilors intc.

gmled with passive, 1 Ms time-constarrl, 50-f2 in(cgr~lors

corrmed for cable loss and integrator droop, The signals arc

uansmitkd to the screen room area via 50-ns-long, Andrcws,

12.7 -mm-diam, Superflex foam cable, Tcklronix R7 103

(1 -GHz) oscilloscope are used to record the dau in digital

format using lhcir WSO1 Digitizing Camera Systcm. The

diode current (Iarrodc) Ural grxs rhrough the 133.6 mm-diam

mode apcrmrre is sensed by foul symmcrncally Irxalcd B-dols
conlaincd wirhin lhc arrodc Beam Position Monilcr (BPM Ill).

The BPM also contains IWO pairs of di~mcu-iccrlly opposed

B-dots that are used 10 dctcrminc ;he x-y coordinirlcs of lhc

beam pxilion; the Iimi[ing positional resolution is 0.25 mm,
The A-K gnp voltage (Vanmic) is measured as tic sum of four
equally spaced E-dots mounlcd flush on lhc I%( ~rtion 01 the

anc&.

Figure 2 shows the matching and wanspm section bclwccn

lhe oruput or the extraction magnet and the inpul [o the first

DARHT induction ccl]. The extraction magnel is SC[m hwrn

a beam waist at tie cnd of lhe transpm hardware, irlld the

shxring coils arc usad to ccmcr the km in lhc drift pi~. The

hcari] is injcctcri along [hc irxis of (hc DARHT accclcramr by

Lhcmijoccrrl r.iipolc slccring coils.
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The high. frequency transverse beam molicm al lhc waist

Imation was measured by using isdiffcrcnccd B-dot lcchniquc

passively summing drc opposilc polarity B-do[ loops of BPM
#3, In an aucmpt LO further undcrs[find [hc cause of [his

molion, a biconic Wwrsition cone from 50-0, coax 10 (hc

53.3-Q impedance of the REX output oil transmission Iinc

was installed, A HcwlctI Packard 8753B nc[work analyzer wm

used to drive [his cone while cidrer reflections or Uarrsmissions

to lhe diorlc region were monitorc-i with various shicldcl’
clccuic and magnc~ic field probes thal could be roratcd ahou(

the axis of the A-K gup.

111.MEASUREMENTS AND ANALYSIS

Typical diode volt.agc and current waveforms arc shown in

Fig. 3. The time delay (- 7 ns) before [he vclvctccn surl’xc

begins field cmissiorr corrcs~nds to a field of 9.5 kV/mm.
1 hc currcl]t for a given vohage across the A-K girp is ahml

15% higher than thal prcdiclcd by (hc 1S1S cm.lc and is

prcscnlly thought 10 lx due 10 an even grcmcr edge cnhancc-
mcm ofcmiitcd currcn( than hal calcukrrcd [ I].
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Since a 117-eV [emperaturc corresponds 10 an emiuance of

0.96 mm-rad at the cathcde. Ltre measured cmit[ancc of 1.0

mm-rad demonstrates negligible cmiwmce growth afler

2.53 m of transport.
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Figure 4, Slit Record of Beam Waist N 2.53 m

The Lranspmcd and emiucd beam currcn[ arc shown
overlaid on tie same scales in Fig, 5 for a beam energy of 4.2

MV; the frxxion rranspcrd is W perccnl, The loss of currcnl

is most likely due 10 high-cm iuarrce ehxl.rons tial get through
EIPM #I but are not uansprtcd to BPM #3. The calculated

maximum size of the ham al the pole of the cxt-raction

magnet is =1 20-mm diam compared to (he 161 -mm diam of

lhc magncl bore and (he 148-mm diam of the propago(ion

pipe. Figure 5 also shows [hat the low energy clcclrons

associated wil.h the nsc and fall of rhc currcnl pulse arc over
fccuscd into dre pipewalls md arc not Lranspcmcd [o lhc km

waist rcgkm; lhc beam pulse is cffoct.ivcly shaqwrcd.
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Figure 6. Di ffcrenccd B-doLs for Transverse Bum Mo[ion

Accclcraling (m=O) modes umfcr 500 MHz were found tit

64(67), 149(143), 310(294), ?60(364), 3/15, and 458 M}+z
wilh URMEL-T predictions in parcnlhcsis. Deflecting (m=l )

modes were found at 254(249), 263, 335(320), 340, 380, and

437(421) MHz indic~ling some asymmetry cilhcr in the

transmission line or in the cavily. The deflecting 254 (249)-
MHz (m= 1) mode was dominant and is in gmcf agrccmcm witi

the -245 MHz measured by [hc diffcrcnccd B-doLs. Varying

the alignmcm of Ihc calhodc field forming clcctrodc or of ihc

Transmission Iinc conductor rcducti [hc cxcir.alien only a fcw

db. 11 may bc that scvcrttl small misalignments arc causing

lhc nominally TEM transmission-wtivc to have components
thal cxcilc the TMInO modes of the cavity, Since this motion

is where BBU guin is very low, ftir from the DA Rll T

induciion CCII rcsomrnccs, drc required beam ccn~oid stahili(y

Tim. (ns)

Figure 5, Emiltcd w(I Transpoflcd Ilctim (’urrcnl
11]

Allhough Lrimsvcrsc Iwum molion Iwyond the cx(rilc[ion
[s1

mti~nct has hccn mctisurcd on RF.X previously 16], Ihc rrc-cnl

pulsed power modificulions huvc rcduccd [hc mo[ion to Iwlow
[hc suctik cnmcru’s rcsolumm limit of - 1[)() pm. ]“igurc 6 is

o IypwJl di[fcrcnccd 11-dol signal rccwrdcd [rrm) Ill)hl W3M III: 161

nomlnnl (~pcruting condi~i(ms of 4 RIV ml 4,5 kA, A prc-

d(JImnUnI frrqucncy of -21$ Ml [z is pr ‘scnl iInd c(wvsltim(ls U)

J twum molion of kl[)() )im. Since “his I“rc(lucn(y IS 1101 [71
present in IIIC (!criv:~tivcs of [hc pIIINCd p,wcr ~li:~gn{)s[i~hs, IIIC

U(HIC II KM III, -’I’ 171 WU.S 11.sIxI to invcs[lgil[(’ III(* ~N)\\Il)IIIIy 01

UiIk’IIy IIIOIIICS u$st~iuk’d wllh Ihc A-K CUVIIY rrgltm lh;l[ co’lltl
pnrnhll’c Uilll\VCM 11(’1(1$ 1{) IIL’11[’L’I Ilk’ h’illl~ 11111111(’,

of REX M drr injulor has Imn dc”morwoted,
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