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R ACCELERATORS FOR PARTICLE BEAM FUSION* 

Summarq 

Sandia National Laboratories is completing the* 
construction phase of the Particle B a u  Fusion 
AccelaratorX (PBPA-I). Testing of the 36 modd 
30 TU, 1 Kl output accelerator is i n  the i n i t i a  
stages. The 4 Kl, PBPA Ifan generator k a  prov - 
3.6 XIL in to  watercopper sulfate load r e s i s t o n  
with a spread from f i r s t  to  last Ikrx f i r i n g  between 
15 t o  25 ns and an output power 05 5.7 TW. This 
accelerator is a modular, lower V O A ~ A ~ ~ ,  pulsed power 

I - device t h ~ t  is  mpable of scaling t o  power levels 
exceediag 100 TU. Research on he upgrade of PBFA-I 
t o  PBFA-I1 is already s d e r w ~ y . ~  PWA-I1 w i l l  be a , 
100 TW, 3.5 MJ output accelerator which w i l l  provide 
a testbed for breakeven target experiments. 

This typo of accelerator's high efficiency and 
lw cost ruke it an attractive candtdd~& f o r  a fusion 
energy reactor syster. Present accekrator  
e t f i c i e u d a s  range between 30 t o  40 percent from the , 
U a n  generator to  the electron o r  ion beam diode and ' 

c o ~ t r u c t i o n  cosrs are less than ten dollars per 
joule. The aleinants of the PBPA technology aad thei r  . 
integration into an accelerator mystar fo r  particle I - - . -- - - . 
beam fusion will  be discussed. 

Fig. 1. Light Ion Beam ICP. 
Overall Program Update 

* 
During the la t 12 months, the Electron Beam 

h r i o n  ~ c c e l e n t o f  (EBFA) has been modified t o  
accelerate either electrow or ions and renand the 
Par t ic le  Baan Pwion Accelerator (PBFA). This modi- 
f ica t ion was accomplished with a s l igh t  cost increase 
and with no change i n  delivery time and represents 
ur example of the flexibil i ty of t h i s  approach to  
fusion. Figure 1 sboP. ion beam focussing progress 
uhich in i t ia ted  the change. Recently, the focussed 
ion pov.r density wu lncre~sed by a factor of ten. 
Simrlt.naously, target design improvemeats ( s h m  as  , 
c i rc le r  labelled SL and LLL) resulted i n  r several 
fold reduction i n  tba required beam in tensi ty  for 

economical puke power systems for breakemu. These two factors indicate tbt scient i f ic  
fusibility deaonstration of ICP can be accarpliskied i 0 ~  or ~kc- 

--+ -L - on PWA-31, our next accelerator upgrade. Present 
ion current detuities approaching 1 =/cm2 and rep ra* pobdMe 
preaant ion output energies over 50 W haw been 
achieved i n  s-rate a r r imen t s . l  Re~sonn fo r  incrcsse &K&G po~m by bunching 
clwosing 10- over el&rons a re  shown i n  Figure 2. I- channel energy fw beam transport 

Tb@ cbmgas involved between PBPd-I a d  ?ISFA I1 
a r e  sboun i n  Figure 3. The present -8 Ti4 mduies 

m * R B M  
w i l l  be opgrrded within the saw volume and the . - - - . - . - -- - 
8ccelemting voltage will be increased from 2 t o  4 MV 
f o r  bet ter  coupling t o  the t ~ r g e t 8  and ron flexible Pig. 2. Light Ion Features. 
rgnetically-insuiated oatpots. The pramat 36 
mdules wi l l  be increased t o  72 and the up@ wi l l  by synchronimed .witches. Thn primary e w r m  
be preasmmbled and then placed Into the preseot s to re  i m  8 ll2 kJ H.n generator capos.d of apac i to t .  
tankage. The i ~ ~ t d l a t i o n  of the upgrade w i l l  require c k r m d  t o  t 100 kV. Tha lkrz &tc- i8 .cco.plirhed 
OM ycur. PBFA-I1 rill ba described i n  mom deta i l  with tr iglared p a  nr i tcba .  The Marx a e r w  i. 
a t  this conference by D. L. ~ohnson.' t ruufe r red  to a uatet interrcrdkte storage ~ a @ c i t o t  

i n  800 ~woseconds while achio~ing a peak power of 7 TU 
PBPA-I Accelerator Delrcription with the  b SY tramfar.  The vater mpaeitorr then 

t r a m f a r  the e n a m  t o  the pulse forrfng line in 100 
b seen i n  Pigare 4, the elect rougnat ic  power is  nanoaecoada thrw* 36 t r i g r r d  %u ni tchea-  Tlri8 

o b t a i d  by operating 36 m d u l u  i n  parallel. h c h  triggered mwitch prorider the t i r ing s~~Chmoi .a t ion  
module has a sequence of anrrgy storem uhich are fo r  a11 modules and has a ru uncatt . iny of 1.6 ns. 

The modules M C ~  have two parallel  pulse f o d n g  lip.. 
which a r e  .witched in to  a wave mixer mi* self- 

-8 work was supported by tha 1). S. Departmat of  break&^^, ~ t f c h a ~ l ,  waterdie lect r ic  witches- 
Emrgl under Cgntract DB-ACO4-76-DP00789. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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- . - -- --- --- . -1 The output pulre (40 as) then flows through a l i ne  

. tranef0rnt.r t o  tha vacuum inaul.tor. The rerult ing 
I 2 HV pulea i r  plac d on the  ragnetically-lnrulated 
+ t ranmiraion l ine% and traneported a t  atrereee of Rlslf*m ; 2 HVI, t o  t he  ta rget  chamber. Diodes then convert 
I the electromagnetic energy t o  part icle beam energy 

i 
betwean 20 ca and 90 cm amy from the target. The 

8 i iona ara  then focuraed o r  traneported i n  p b r a a  
.8W -S L3TW channel8 t o  the  Urge t -  

40ns 40nS ' Prerent c o ~ t r u c t i o a  Statur 
voltage 1W --+ 4MV 
~ n n b e f  ob:modules 36 4 72 The accelerator building has been completed and 

(m0duM (modult i e  u r t q  u p l e t i o n .  m e  f i r r t  r n e r .  under 18 expected JULY 1980. A photo- 

develop- -- ! graph of the tank i r  rhown 88 Plgure 5. The Marus 
-, -- 1 a re  fu l ly  modularisad and a n  be replaced einply by 

ment) C , . i  I mmov~ag anat  with the  crane and insert ing the next 

upgrade wHl take 1 yaar -mid '83- '64 *- unit. The Ikrxem are poritioaad by I-beam rupportr ae 

ssme tank, mtrds, etc. . rhown i n  Figure 6. Th Wrr Pulrer Unit (m), which 
A trigger. four Ikn generatorr, i r  rhow on the tank 

floor. It I8 located behind the main Hart. a8 r h m  i n  
Pigure 7. There MPU8r a r e  developed by Haxwall Laboratorier 

. .- - ----- ----.- . . -  . -.,1 .- . - . fo r  So& and a r e  detai led i n  a separate 
report. A safe ty  rwitch which can d i rec t  a trigger 

Fig. 3. PBFA-I1 Changer. pulrr  e i the r  t o  ground o r  the main Ham i r  included and 
roil1 ba dlrcurrad la ter .  The &a generator outpot i r  
rwitched m c h a u f a l l y  between the water/oil feedthrough 
inrulator and a water r e r i r t o r  load aa rhown i n  Figure 8. 

- - - -  Three components a re  i n  the oil-ineulated section- 
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Fig. 5. PBFA-X Tankage. 
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Fig. 6. PBFA-I lkrx Generator. 
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Fig. 8. %mt Safety Switch. 

____ _ _ . _ _ _ _ _  -- - -  . . - 

Fig. 9. PBFA-I Water' Switch. ' Fig. 7. PBFA-I UPU. 

The 21 nfd uatet-leulatad ewirgl shooage csp.citor8 
are shown in Figure 9 along with a 3 MV-triggered switch, 
These components are all in the water mection. 

over and destroy theq~alwg. _-To pEeyent these probl.u, 
~thrae 'hnetta--avertor roitohem wee installed 
as s h m  in Figure 12. The firat muitch, batween the 
trigger Marx md the u i n  M.m, will divert any profiring 
timing circuit or trigger pulse generating 
circuits up to a few seconds before accelerator 
operation. Ie addition, thim system will be arsrci8.d 
from tha control roam to @how correct operation of 
the triggering system prior to the experiment. The 
mcond dtch, which connects the Harx generator 
with the interrsdiate store, is norully connected 
to a dump remistor. In case of a main Marx prefire, 
tho enerw is routed into these dump resirtors. 
Again those resistnra are usad to fast the tieing 
and firing of the entire accelerator to this point 
just prior to a chamber exparbent. The previously 
described nritcher are remotely operated. The third 
switch must be nnually rat and connects tb. SF6 
triggerul d t c h  to m dump resistor. Tbs! rerimtor 
connection is u& to check the u i n  gas switch 
trigger, trigger symtems, and switch functions. By 
using these built-in tart point. and eurcising the 

The front of the pulae forming lines connect through 
8 -tar-iluulated line tranrforrar to the vacuum inter- 
face. The front of the vacuum interfaces and the 
magnetically inmulatad linam are shown am Figure 10. 
Thirtymix of there lines than converge on the pallet 
chrber as shown in Figure 11. Note the four technician8 
to proede relative scale. 

Module Protective and Teatine Devtcer 

A CO- failure mode for modular pulse power 
acceleratorm ia a prefire. This occurs when the Haa 
generator8 are being charged or are waiting for the 
trigger pulse. Whan a prefire occurs and no protective 
dericea are available, two con8equances can occur. 
First, the experiment, which umually takes many manhours 
to install, im destroyed. Second, the 3 MV p s  trigger 
r p t m  say eat fir* and the water crpaciterr will arc 
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Fig. 10. Umgna t i ca l l j r~~u la ted  Tranmdmmion Linem. Fie. 12. PBIA-I Divartar Test. 

I - ---:-- . . . .- . . 
Fig. 11. PBFA-I Central Saction. Fig. 13. Marx Generator Output Data. 
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accalarater frequently, the accelerator should provlda 
raliabla pulmas for axparimenters and pat allow 
re&tir+ly rcandard, l w a r  r a l i ab i l i ty  compauentm t o  
be util isad i n  the accalera t~r .  

Nan Canerator Bxparirwtal Ramults 

Tha thirty-mix brx goparatore have bean charged 
t o f  100 kV which placem approxi\Ptely 4 MJ to ta l  
enerm i n  the ha. The Marx waa than dimchargad 
into i t m  ramiative loadm and the  voltage and curranta 
a r e  mamarad. 

'Lh. voltage mouitorm genarallf bra more ela;tr iul '  
mime than the lower impedance, better shieldad current 
MLltOra. Submequentlyr a11 thlq data waa obtained 
fram the current d t o r . .  The current monitor outpars 
were recorded uaing a f a s t  tiw sweep t o  p r o d  mxe 
accurate data. A corpomite trace shoving mil-- 
Ma- generator cgrranta in to  the i r  14 ohm loads is 
ahovn i n  Figure 13. Tha Uarr generator erection 
t rawlant  and diacharae current. ara mlmllar i n  both 
tim and amplitude. A t o t a l  currant of 2.6 UA a t  a 
powex of 2.6 N fo r  70 kV M a a  charge is mhoun. 

Tha sanerator timing mpreadm were meamurad by using 
Tektronix 7912 d i g i t a l  racordarm and data procesming 
equipment. The time betman f i r a t  and l aa t  Ma 
current traces were w m u m d  and tha t o t a l  apread 
w u  obtained. $8. Tlpura 24' Rpreada b.twaen 15 and 
25 Mac were typical. Ih ia  m p r d  indieatem a o n e r i g u  
j i t t e r  berueon 4 a d  6 na~oaecond. f o r  thaae ganaratora. 
Host of the taating m a  perforrad a t  a 70 kV Maa 
charge ( a p p r d u t a l y  P U) then several proof shots 
w~ra p a r f o d  at a 100 kV charge and 4 K1 .tored. 
The aprud mamured coataha a11 j i r t e t  due t o  triggar 
gamraton, tr1gg.r ihrx generators and the  mdn Maa 
generator. 

Thia aariar of teat. showed the Marx ganeratorm, 
ch tg iag  myatarm, and tr iggating mymtem t o  ba operating 
wall with lorsat jitter than expected. ha ta l l a t ion  of 
the water saction coslpowata i m  almnmt couplatad end 
tha power flow liner a re  inatallad. 1nI t i . l  operation 
of the accelerator i m  urpsctad t b i m  wnthm 
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Fig. 14. Marx Genera tor  Timing Data. 
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