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Abstract

SABRE EXPERIMENTS
We present the design, analysasdresults of the high-
brightness electron beam experiments currenthder
investigation at Sandia National Laboratories. The
anticipated beam parametene the following: energy 8-
12 MeV, current 35-50 kA, rms radius 0.5 mamd pulse
duration30-60 ns FWHM. Theacceleratorsitilized are
SABRE and HERMES Ill. Both are linear inductive
voltage adders(IVA) modified to higher impedance and
fitted with magnetically immersed foilless electrdiodes.
In the strong 20-50 Tesla solenoidal magnésid of the

SABRE IVA has 10 inductively insulated cavitiesach
rated at1.0 MV, designed tooperate at 40 ohms in
negative polarityand 200hms in positive polarity. For
these experiments, SABRE wamdified to increase the
output voltageand proportionally reduce the current,
delivering the same energy. It was, therefoperated at
9-12 MV and 100-120 kA. The majoraccelerator
modificationswere to reducethe total number of pulse
forming lines by halfand todesignand construct a new
. ; cathode electrodeThus, eachcavity wasfed by asingle
diode, mm-size electron beamsare generated and . . ; .

pulse forming line, doubling thaccelerator impedance

propagated to deam stop. Thelectron beam idield . X
emitted from mm-diametereedle-shaped cathode electrod®” hich was furtherincreased t0120 ohms by the new

) . . . ) Smaller diameter cathode electrode [5,6,7].
and iscontained in a siifar size envelope by the strong The design of the MITL voltagedder and the
tr)neasr:eurco\f/li?jlgih;hjseoﬁﬁt;imipiiﬁ dChﬁg:&r:;ﬁig foilless diode (Fig. 1were validatedvith alarge number
Spre . pportunity to y of particle-in-cell simulations. Because of the largege
and possible instabilities in ainique parameter space.

The SABRE experimentare alreadycompletedand have in space and time scales, the entire desigrj was d.imed
produced30-kA, 1.5-2.5 FWHMelectron beams, while three parts: the voltage adder; the transition regidere

: the coupling from the MITL into thénmerseddiode was
the HERMES-IIl experiments are currently under way. studied,andfinally, the immerseddiode where the beam

generationand beam parametersiere analyzed in fine
detail (Fig. 2). Thediodesimulationsrepresent arideal
The experimentgeported here werenotivated by the situation assuming no ion emission from the target,
success of converting RADLAC Il (an inductidimac) perfect cylindricalsymmetryand noinstabilities between
into an equal impedance (220 ohm)inductive voltage counterstreaming electrons and ions.
addercoupled to amagneticallyimmersedfoilless diode .

. . PREPULSE SWITCH 1.0° TARGET
(RADLAC II/SMILE) [1]. The inductive voltageadder ‘
(IVA) technology is relatively simplandcouples aself- g hesE
magnetically insulated transmission line (MITL) [@]th cATHoDE e
an induction linac taenerate aew family of induction
accelerators. In these accelerators, the particle beam which o g
drifts through the multiple cavities of conventional __ rurereocra
induction linacs isreplaced by ametal conductor which
extends along the entire length of the device. The voltag@hde Tip and Ne€die
addition of the accelerating cavities is therefore

accumulated in the TENPoynting vector rathethan in a Figure 1. Schematicdiagram of diode design and

sequentially accelerated electron beam. transition region, showingletails and B-dot
In the next sections, we present resahs analysis monitors.

of the SABRE [3] experimentand aprogress report on
HERMES-III [4] experiments.

INTRODUCTION

0-7803-4376-X/98/$10.00 [J 1998 IEEE 1245



B,=23T 0.7 ] time integrated X-ray pinhole
z . E Lineout through peak camera image deconvolution

= 5
?\ o 1 708 \
E‘( 0.1_' E E 0.7 ill
3 "_‘ 0 1 2 3 4 5 & E g 0.6 JF 3.1 mm FWHM
E : (16" Arerf) E % 05| f ‘\
: L™= 0.4 mm ] » 04 )
B, = 0.041 E Z 0.3 \
€ = mr, B;=0.005 cm ad E F 0.2 f

Brightness = il::2.8x16
€

10

1 o -] mm
TR 2 " : o :
a i Figure 3a.Time-integrated x-raymages of the beam for
0.0 A B S P XS, B,=6T.
Flgure 2. ngh-r880|ut|0m|0de simulation CaICUIatlng Horizontal lineout through peak time integrated X-ray pinhole
the beam parameters. ‘ camera image deconvolution
09
g M\
The intense electron beapnoduced bythe SABRE 5 [l
foilless diode quickly produces anion-emitting anode %oe / \\ e R
plasma. The ions, mostly protorese accelerated toward £ =T
. . 504
the cathode with a curreréducedroughly by the ratio of 2, |
the ion-to-electron beam velocity (3 kA ions versus 30 k =~ &2 /
electrons for typical SABRE parameters). Télectro- ol X -
static attraction between the two beams is considerable i e 789w =

mm

various forms of the two-stream instability canébeited,
including sausage, hollowing, hosand filamentation. Figure 3b. Tine-integrated x-ray images of the beam for
These instabilitiegan cause large deflectioasd heating B,=29T.

of the beam whiclwould increas¢he beam spot size in .

the absence of astrong axial magneticfield (B,).

According totheoryandIVORY simulations, a 30-T or HERMES-III EXPERIMENTS

higher field controls these instabilities in the linear regim
and allows 0.5 to 0.75 mmradius beams. The

experimental resultare in very good agreementvith len ; ; s o
. ) . gth (~ 70 ns FWHM)and higher diode magneticfield
I.VOR.Y S|mulat|pns [8] (Tab_le l). Figure 3 presents tWQSO T). The higher magnetiiteld should produce even
time-integratecpinhole x-ray images of the beam on the gy 6r peam spot sizes of the order of 0.75 mm FWHM.
gnodetgrggt;?rr t\é‘{o rgggnenﬁeld strengths: 6 T(Fig. The increasedvoltage and pulse lengthare required to
a) an : (Fig. 3b). achieve 1 kRad x-ray dose at 1 m from the Ta target.
HERMES IIl is larger than SABRE, having 20

e currently utilize the HERMES-III acceleratoreggtend
SABRE results to higher voltage (12 MV), longer pulse

Table 1 inductively insulated cavitieseach rated to a 1-MV

Beam Spot FWHM (mm) maximum voltage. It routinely produces 18-20 MAQO-

B, (T) Experiment IVORY Simulation KA electron beam in normal operation, but in firesent
6 31 2 83 experiments, weoperate it at lowewoltage (12 MV),
29 15 1.25 reducedcurrent (150 kA), and longer pulse (~ 70 ns

FWHM). A number of modifications from the original

configuration were necessary to achighis performance:

the pulse forming line length waloubled, a neveathode

electrode increasetthe finalimpedance tdl10 ohms, and

electron beams. A ~ 30 T solenoidal magnéit the Marx generatorsvere charged tdower voltage (60
) kV). The cantilevered cathode electroderiew of much

controlled the ion hose instability and kept it in thear . .
. : smaller radius and longer (18 m). Tzreasdts strength
regime. The experimentally measured voltage, current, X

. . . continuoustaperedsectionswere utilized instead of the
ray dosef, and spot size are in excellent agreenveit

) ) . . stairstep design approach of previous voltadderdq5,6].
analytical theory and numerical simulations. The outer cylinder of the extension MITL also lwmical

sections to reduce the radius down to SABRE sizaus,

the same magnetically immersed diode (Fig. 1) assemblies
are utilized with HERMES IIlI. In addition, a smaller, 50-
Tesla, cryogenic diode was designed and constructed.

SABRE experiments demonstrated that a
magnetically immersed foilless diode driven by an
inductive voltageadder can produce1l.5 mm (FWHM)
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HERMES IIl is a very reliable accelerator and
performed as expected. Wwoducedwith great repro-
ducibility 12 MV, 150 kA, 70 ns FWHM pulses with 50
ns flat top at the output end of the long extension MITL.

During SABRE experimentation webserved a
severe decrease in the diode impedance near the peak of the
voltage pulse. It was attributed to a 100-vepulse
arriving 200 nsbefore the main pulse. Aflashover
prepulse suppression switch solved the problem. For the
diodeimpedance taemain constant)esideshe prepulse
switch, thediodechamber pressutead to bebetter than S50 9
2x10° torr. In HERMES Ill, wemeasured asimilar r—

amplitude prepulse. Two prepulse flashover switcheﬁgure 4b. The ipedance ofthe HERMES-III diode
were installed in series on theathode electrode 30 cm decayswith time, probably due to poor

upstream from the AK gap. _Unfortunatelyecause of accelerator vacuum and oil contamination.
unexpected air and oil leaks inside #releratocolumn,
we are asyet unable to takedvantage othe available
long pulse and make the diode operate at constant
impedancefor the entire 70 ns. Fig. 4 shows voltageYVe have designed, constructedd experimentallytested
diode current and diodeimpedancefor SABRE normal immerseddiodes andhigh-impedancevoltage adders for
operation (Fig. 4a) with prepulse flashover switch in placBABRE and HERMES |lI, which shouldgenerate very
and good vacuum. Fig. 4b presents similar HERMES lintense high-brightness electron beams of millimeter size.
diode parameterswith the present poor vacuumx{@®) In our first experimental validation of the desigvith

and oil contaminatedsystem. At the beginning of the SABRE, ion-hose instabilities have imposed a lower spot
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CONCLUSIONS

pulse, the impedance appears reasonabtthe first few
frames ofthe x-ray framingcamera[6] show beamspot
sizes similar to SABREaNnd ingood agreementwith the
simulations. However, verysoon thediode impedance
collapses and the beam disappea@pening the AK gap
to 20 cm seems to help thdiode operation and
substantially delay the impedance decay.

Currently, weare inthe process of identifying and
fixing the acceleratorair leaks. To solve the oileak
problem, a number ofaccelerating cavities will be
replaced, diffusion pumps will be installed in the
acceleratorandsections of the extension MITL will be
provided with cryowalls.
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Figure 4a. A constantimpedance diode shot with
SABRE.

size limit of 1.5-mm FWHM to the beam. T&®-T
HERMES-III experiments should further minimize the
ion-hose effect and reduce the beam spot sizelt@ ~mm
FWHM. Unfortunately, in our first experimental
campaign, poor accelerator vacuum and oil lgaksented
us fromreachingour goals which we hope tachieve in
the very near future.
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