
RADLAC-II UPGRADE EXPERIMENTS 

S. I,. Shape, C. A. Frost, D. E. Hasti, G. T. Leifestc, 
M. G. Mazarakis, J. W. Poukey, and D. L. Smith 

Sandia National Laboratories 
Albuquerque, New Mexico 87185 

Abstract 

'l‘llo linear induction accelrratar, RADLAC IT, is 
ili-i~~g upgrnded to produce a 20.MeV, 40-kA, annular 
t'ltrtror, heam. Prior to the upgrade, RADLAC II 
I!roducecI a 15-MeV, 15-kA electron beam. Modifications 
to the pulsed power, injector, and magnetic transport 
h:l~~~c rrsulted in a faster rising flat-topped voltage 
plse. A high quality, 40-k.4, 2.0.cm diameter beam 
xitll a low perpendicular thermal velocity, j3lc, has 
'IP~II produced from the injector, 81<0.2. The high 
(Iuality beam has been accelerated through two 
,iccc,lernting gaps. The final four accelerating stages 
are bi>ing added to RADLAC II and transport experiments 
:Ilroili;h the full accelerator are beginning. 
Simulations show the beam quality will be maintained 
il~roup,t~ t.hi‘ entire accelerator. 

Introduction 

RAI)lAC 1I is a pulsed, high gradient linear 
it duction accelerator. The electron beam is produced 
in R 5-?leV injector and transported in a 20-kG magnetic 
:;,~iiic, field through six, 2.5 KeV accelerating gaps that 
~;:crc designed to minimize beam instabilities.1 The 
Ip~rFo~-m~l:~ce of the accelerator has been improved by 
ctr-oigh:-forward changes to the pulsed power and 
modifications to the injector.*a3 The upgrade was 
I~<~rf~orlric~d iI1 three steps. The first step was 
ins:allnzion of the modified pulsed power feeding tllc 
inji~ctor, thcs second was adding tuo accelerating 
~lag's, and f:nnlly, we are going to the full 
accelerator. 

Pulse Power Modifications 

III the final upgraded accelerator, four Marx 
r:i‘nerntors rather than two, will be used to drive four 
llc,rmes-III intermediate storage capacitors (ISC).4 The 
oil-water interfaces were relocated to provide 
~.ywmetricnl , low inductance feeds (Fig. 1). Each ISC 
~~liar:;(~s two pairs of pulse-forming lines (PFL) through 
1 ,.)w inilul-tnlicc , low jitter, laser-triggered gas 
t,wi tche? dcvel nped for PBFA II .5 The PFLs were 
lcngthcned to increase the pulse width from 40 to 
120 11s. The improved geometry and electrical properties 
ilf tile new pulsed power configuration provide for 
fastixr- charging times and enables two self-breaking 
.iater switches per line to close, rather than one, 
resulting in a flat-topped voltage pulse at the diodes. 
Figure 2 is a comparison of the old and new diode 
voltage waveforms. 
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Figure 1. Diagram of the upgraded accelerator showing 
component layout. 
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Figure 2. Comparison of the old and new diode 
waveforms. The Marx charge in both cases 
was 85 kV. 

Injector Experiments 

Before the upgrade the RADLAC-II injector produced 
a 3-MeV, 15.k~, 40-ns electron beam. Time integrated 
x-ray pinhole photographs of the old injector showed 
the beam was large and had a halo that was 

approximately the same diameter as the drift tube, 
Figure 3(a). Particle simulations for this geometry 
indicated there was a large loss of shank current (60%) 
due to the loss of magnetic insulation on the cathode 
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Figure 3. Comparison of x-ray pinhole photographs 
from the old injector (3a.) and the new 
injector (3b.) 

shank. There was also electron emission from the face 
of the cathode holder allowing electrons to fill the 
drift pipe. Nonuniformities of 40% in the magnetic 
guide field also contributed to the poor beam quality. 
These coils were replaced by new nagnets that produced 
fields with variations of only 15%. 

The cathode shank was redesigned to reduce spurious 
electron emission and maintain magnetic insulation to 
minimize electron losses. 3 The modified injector and 
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Table T 
I:C n~~;ir i son oC KADIY,l7- iT Rr,,xm J’nrnmetc~r.s 

111 
r,il; 1 lJwt>m.L Erf-01-r l~,}‘,r’:itie A !- t C’ I- II pm 

f’i,tvri:\ ’ ( i-:jrnc)) 14 MoV 20 MeV 
(1. 75 MV;‘st-np,e) (2. 5 M\‘/st~i~:e) 

C~kI-r-~-1 t (1 ) 18 kA i&2 kA 

bt~mr l<.i(iillc: (r: 1.4 cm 0.0 cm 

I’,.L-:~~ bili L.I~I Jim- 0.16 c‘ 0.05 c 
‘I’tl~~L-lTn:i 1 
$’ I> I ‘3 i’ i t ‘; ( [I 1 c ) 

K’I)I-IH~I 1 i ;:<bd 7.5 rrd-cr.1 5. 9 rnd-cl,, 
f:!ni t t :i~ictb 
Incl!i:1ing 
i:o: .ii ioIl (rt.J 

ti -i $ilt IlC”,‘i CR,,) ‘3 ,i,‘i1-;ir1-rn)? 1 2 3 A,’ ( I’ n d ,: 111) 2 
~~~~~ .__~. 

I’nrn~et ers from ‘,rfore the. ul>grac?e are based on 
II,<,.I~,\:I-<~c! :>!I, j>,:t from the acc?!rrn:or, Pnrnrleters for 
: ti., ~p~,r-;ih?tl licar! ;irc ha:;c,cl on particle code 

j)t~,~riict ii,r,s iIf acrc.1 ernt or pc>rfor-mance using measured 
in1J’:t t’( iim pa~‘amctc~rs fro:n tllr fi.rst st cp injrctor 
c:-,ri rh 1itCj The r.nrmnlized emit tance, cI,, is define? 
.],H 

= (.ylq2) 5’ 
2 

E 
n f (P,/‘C) , 

11 2 
,.+-he-!-e (P,/c) = 2 2 rk Bk 

mc 

III tl,i. ;ii.:?lt,~-ator- magnetic guide field, rk and Bk are 
:I><. raillode r.1diu.s and mn,qlrtic guid? field at the 
<:<I t lli’Cl<~ ) and (Fe/c) _ r-y,?6 after extraction from the 
~u.i:-~lc + ii, il.\, i fle field. ‘The brip,htiwss is defined n-,9 

I n _ ~---~~ n ? (nr )~ n 

Conclusions 

we- lld.“i. j I/ pro”“‘l i trra per fo:~lll.irlci~ 0 f- the KADIAC I I 
<it‘ri’I CT t-ii t 31 An injector has beeu dcvelqed that 
I,!-~I~<L (‘es :i hi::h voltage, hip,?> cuirvnt, high quality 
~1::1111:3r- l).‘;illl. ‘!‘t.P 1,rnni ti,is 3<.CTL accelerated 5t:i1,1v 
t lrl-r~t,t,ll t .ic ai~i‘c.li,r,~t ing gap5 Sim~i~;itions ;intl 
,. ‘-~‘k I iwtrt ildicdte ttli fill 1 ;iccrli-ihtor wll I pl-a&it’ 
,I ?I, .!.I,.‘“! ‘.Cl-kii nnru11 ar twnm wi i 1’ ;i /il < 0. ? 
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