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Apulsedtr arsmission line linear axzlerator, 
&?AnL!ic II, composed of an injector plus six post- 
accelerating gapswasbuiltand successfully oprated. 
A34MVfoillessdicde injectorwasusedaxdan 
annular 3G40 kA, relativistic electron be3m was 
prcducedardfWthera0xGratedthroughthepost- 
accelerating gaps. The final beam energy was close to 
the sum of injector asd gap voltages ard qual to 
-16 MeV. 

The pulsed power drivers, the accelerator, ard 
thebeamtransportsystemaredescribed. Expzrimenta..l 
resultsarepresentedarddlscuss~. 

Tntrcduction 

In the last decade, considerable work has been 
devoted to the production ard acceleration of intense 
highenergyelectronbeams. Anentirelynew family of 
linear accelerators of the Frduction type were 
developed arrzl commissioned into opera&n. Because of 
theextren-telvhh?hcurrents involved. lC-loOkA, ard 
the relativeiy Grge number of mcciul& required, these 
accelerating structures incorporateammbzr of inno- 
vative design approaches to circumvent instabilities 
inherenttohighcurrentdevices. WC I,lMABE, 2 

RIIM,3 and most reoezltly RATlzAC II are representative 
of our effort towards the development of high current 
tig"n energy electron linear acoelerators. In this 
paper we describe the W-11 accelerator & its 
perfom. 

Accelerator Description 

The WC-11 accelerator design is based on the 
experience gain& by the sucxessful operation of 
FAIXAC I ard the pulse-forming technologtl of PBFA I.4 
The FADL,K!-II pulse-formh$ network arxi transmission 
system is designed to provide unrestricted access to 
thebeamline. This was accom@Lishedbyrepla.cing th.e 
com$etely enclosezl 0il~electri.c radial transmission 
lines utilized in RHXK I with the open construction 
water dielectric strip lines of the PBFA I type. 

The RADL4C-II accelerator's main pulse power 
source is two 4-MV Marx generators. Each Marx getneT..- 
ator, consisting of 40, 1.3 uf, 100 kV cqacitors, 
cwges a ccaxial/water~electric interm&iate store 
capacitor (ISC) through a cozial. oil transmission 
line a& oil/water interf2.ee. The capzici-bnce Of exxh 
of the tvc titerm&.iate store capacitors is approxi- 
mtely equal to t&t of the &I.TX generator. meIx!s 
i7zb2h pectk voltage in abut 1 sls. The pulse forming 
(Pn) ard transmission lines are tri-plate water lines 

WX& are charg& when four laser-trigger& SF6 gas 

switches close, transferring the energy from t,heI~ 
to the PFLs (Fig. 1). Aone-joule%Flaserwas 
chosen to trigger the swim. Theprimarylaser 
b~~i?is split into four -250mJsecol-dary~vj.aa 
plsa of partially reflect- mixrors. Each m 
travels through paths of different lengths before 
being f~@dxltW~the electrcdes of the respective 
switch. The path lengths are cbasen to give switcking 
in phase with the beam transport down the 
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Figure 1. Top view of m-11. In this ConfigUra- 
tion, RAJXK!-II canbe c0nsid~edaS cxnsisting Of two 
RIIM amelerators connected in series. A. Inter- 
maliate Store Capacitor; B. Laser !I'riggered Gas 
Switch;C.PulseFo~Ll.ne;D.Tr ansmbsion Lbe; 
E. Convolutes; F. AcceleratbgCavi.ty. 

accelerator. Tneobxrvedl-utime jitter of the 
switcheswasless than 511s. 

?&e rapid charging of the PF'L (-250 ns) permits 
theuseof self~losinff,water-dielectric switches 
whichdelivera50nsi;ulsetosplltdiamcad-shaped 
convolutes. one of the convolutelegs inverts the 
pulse polarity, via crossover bars, so thatthevolt- 
ageappliedontheacceleratingcaxttywouldbe 
ideally twice the transn&ss ion line voltage. The 
actual convolutevoltage gain is of the order of 1.8. 
Fa&ac0elerat~cavityispcwer&bptwo PFLsard 
transmission lines located one on the top of the 
0tU.T. Thel.inesmakea90~t0rnan3.fe&theacce- 
erawing cavity from twodiametrically opposite sides 
to a.%xre transverse symmetry of the magnetic field 
relatively to theheamaxis, ardavoidbeamsteering. 

Generation Transport ard Acceleration 

The injector is poweredby four PFUprovidiqg 
twice the post-acceleratbg gap voltage to a foilless 
diode electron source (Fig. 2). !I'he injector volWe 
isabut4MVforan85k~Marxcharg~voltage. !he 
foilless diode has an annular caWe tip prtiucing a 
hollow electron beam. This reduces the spxe &arge 
effects & avoids the formation of a virtual cathode 
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Figure 2. P&XX-II foilless dicxle design parameters. 
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atthekeginningofthebeampipe. Aschez&3.c 
diagramofthediodeisshowninFig.2togetherwith 
the relevant dimensions. ThedesigngoaJ~were4Lcrso 
kAata4MVdicdevoltage. !W.swasalsoverifiedby 
the numerical simulation of the prcduced &am (FiP. 
3). Theancde cathcdegapcanbevari.edcontGuoEsly 
from the outside without brealrinff the merator hp;lm 
line vacuum. The foilless diode-is immersed in the 
axial mgnetic field that guides thebeam through the 
entire length of the accelerator (-10 m>. The field 
is provided by an array of solenoidal coils connected 
to five capacitor banks. 

Animprovedaocelerating gapdesign maintains 
radial force balance ard completely el.imimW the 

--- previously observf33 (IWlL4CI)beam radial 
oscillations. Furthermore the eccelerating cavities 
(diodes), similar to thosestud&dinRef. 6,havea 
verylowQardsmall transverseshuntimpedance, thus 
Suppressing beam breahup instabilities. 

Therearenine aozelerati@cavitieS, but for 
qmtryreasons, onlyeightare energized. Inthe 
present configuration, the cavity number five is not 
energized ard the entire device can be consider& as 
being made of two RIM accelerators3 connectedin 
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Figure 3. Numeric&L simulation of th3 R4DUGII beam 
at the injector. 

series. The firstardsecord~eratingcavities 
are connect&Jnseries ti form theinjector. The 
application of the peak voltage to the diodes is 
s-ym3-ronized tc coincide with the arrival of the beam 
$Jse ti each gap. Thisisacoomplish&byadjusting 
the Dab lath of each of the four secordary lasFiT 
jeamsto fir: thegas switchesin thecorrecttime 
sguence. SinceallthePFU~transmissionUnes 
53ve the same length, +yhe time sequence of gas switch 
closure is the m3.i.n me+hcd of synchronizing the arri- 
val of thebeamwiththe~exatingvol.tage.3. The 
beam current was measuredbyanumberof~owski 
coils ard Ij atrays position& along the accelerator 
beamline. The injector ardpostmerating gap 
voltages were measured by resistive monitors. The 
.zccel~al;~cavityvol~geswereabout2MV, tithe 
-ram measuredbeamcurrent,allthewaytotheen3 
zf the accelerator, was 40. FigWe 4 shows the effec-- 
tive aocelesatw voltage and beam current wavefonnr: _- --. - 
for 85 kV W.rx &%?gi.ng~ They track ti Oth_er quite 
well.arrlthef~Llwidthhlf -is5ons 
Effective accelerating voltage is the sum of ail 
3ccelerating cavi.tyvoltagessmeas.rr~by theresis 
tive monitors corrected for time co.i.rcidence with the 

EFFECTIVE ACC. VOLTAGE BEAM CURRENT 

1 r-’ 

5 

0 

-5 
MV 

-10 
kA 

38 
22 
6 k 

-,o L-1-I 
20 30 4.0 2.0 3.0 4.0 

(x 1 G7 set) 

Figure 4. EffectiveaLCehrati..ngvoltageandheam 
current waveform. 

p3ssage of the beam pulse from each gap. The effec- 
tive aoceleratinff voltage is 15-16 MV ard close to the 
sumof thei.~~U~dual&odevoltage~. This%ggests a 
good gas switch synchroniz.ation. The final energy of 
theelectronbeamwasdeduwdfromrangemeasurements 
into carlwn/lucite targets. The effective accderat- 
i.ng&&z~a~$ "rgy of the electron beam in MeV 

. TIUS difference is probably due to 
range shor~7Fnplastics forhighcurrentdensity 
electron beams. 

Thebeamanelop3, attheaccelerator exit& 
further upstream, was measuredusingradiochronic 
foils (Fig. 51. Becauseof thehighpowerdensity of 
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Figure 5. Beamenvelope onradiochromicfoil inside 
theerdoftheacceleratorvacuumpipe. Thepa.rt 
ofthefoilenclose?lbythebeamannulusisca.r~ 
onized . 

thebeamanrniLus, itwasdi.fficuJtto precisely 
~ethebeamsizeonbrasstargets(Fig.6). The 
brasstaxgetstitedardh3XiJE~~ydamagedby 

^ 
thebfmil. ReceTltly, a framing x-ray camera" was used 

- _. 
to study the beam profile .3zd the x,y of the ham 
mtroid. A 0.127 mm thidk tantalum x-ray convertor 
is placed over a thin extraction titanic foil on +he 

Figure 6. I&am pattern profile on brass target posi- 
tion& at the err3 of the beam line -10 m downstream 
fromfoillessdicxle. !Ihebeamis annular. The -1 
ellipticity and apparent ham disp lacement from the 
axis is probably due to the target positioning ard 
l32a.m misalignment. Ohe taxgetwm exposf33to the 
beam before our recent precise alignment.) 
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air side for the x-ray measurements. Figure 5 shows 
the beam envelope ona radiochromic foil positioraed 
inside the vacuum pipe just before the extraction 
foil. It is possible to measure the beam profile ami 
current density with the x-ray fram&g camera using 
phctographs similar to that of Fig. 7. Each frame 
scpo~eis10nswithavariableFnterfr~time 
difference; here it was 0 ns. The first frame 
coincid3g with the arrival of the front of the beam 
pulse is at the bottom left. The last frame coincid- 
ing with the beam tail is at the top right while the 
top left and lxktom right frames correspord approxi- 
matelytothem3inbodyofthebeampulse. mebeam 
appears solid an3 not annular as in Fig. 6. The 

Figure 7. MeasurementS of the m profile on the 
pxtraction foil using the x-ray framing can33ra. The 
beam appears filled in. For each frame, the shutter 
stays open for 10 ns. The interframe distance was 
0 11s. The &am centroid is only 1 mm off axis. The 
-tpparent larger displaxwnen t is due to the paralax of 
~&e camera's six apertures. Notice that the beam does 
not show any B.B.U. or other type of oscillations. 

reasonmzykedueto ahighgainof themlcrcc&nnel 
innge intensifiers for these early shots or to a low 
energy electron halo. The x-ray framing camera uses 
thelowene.rgytailofthebavnenergyspeotrumto 
unfold the heazn spati&. profile. Future experiments 
areplann&toa&lressthisdiscrepanoy. 

After implementinganewmethodfor aprecise 
beam line alignment,g the&amct3lterwasfourdtolX 
less ?h.nlmm off axis attheexitpoint (extraction 
foil) of the aooelerator. The ham was allowed to 
exit the accelerator beam pipe ard propagate freely in 
the accelerator high bay. The ham propagated 
straight an3 without oscillations for at least 1 m in 
the air (Fig. 8). No oscillations of the ham axis 
areapparent. This is ingocdagreementwithresults 
cbta.in&wLth the&arrayplac&near the exit of the 
device. 

AhigLcurrent, highenergy, linea.r i&u&ion 
accelerator, RADLL(v: II, has keen devel.o@ and suc- 
cessfully operated. Ithcorporatesallthepulse 
powerimpr~~tspreviouslytestedintheP..IIM 
aixeleratjng assembly. !J!he final energy, -16 MeV, is 
close to the sum of the injector anl post-accelerating 
gap voltages expressed in MV. The optimized injector 
a& azelerating gaps have produced a 40 kA, 16 MeV 
annuhrelectronbeam. The energy distrtition of 
thisbeaAlhasnotbeenme3sur~. 
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Figure 8. open-shutter photograph of the exiXXCted 
beam following precise alignment of the ao2eleraor 
hea3 line. The trajectory scanned is equal. to -1 m. 
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