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self-closing, water—dielectric switches which deliver
Abstrect a 50-ns pulse to a split diamond-shaped convolute as
shown i1n Fig. 1. One of the convolute legs 1nverts
A pulsed linear accelerator assembly, RIIM the pulse polarity, via crossover bars, so that the
(RADLAC 11 Module), composed of an injector plus a voltage applied on the diode would be 1deally twice
number of post accelerating gaps was built and the transmission line voltage. The diamond-shaped
successfully operated. The injector and the post convolute region 1s necessary to avoid short-—
accelerating gaps were powered by water strip pulse circuiting the invertor during the pulse. It appears
forming and transmission lines. A high—current, high- as a shunt impedance to the trensmission line. and the
voltage, foilless diode injector was used and an actual convolute voltage gain 1s 1.8. Each diode is
annular 40-kA relativistic electron beam was produced powered by two PFLs and transmission 1ines located
and further accelerated through the post accelerating above and below the beam line axis. The lines make &
gaps. The final beam energy was close to the sum of 90° turn and feed the diode from two opposite sides to
injector and gap voltages and equal to 9 MeV assure diode magnetic field uniformity to prevent beam
steering. The injector 1s powered by four PFLs
Introduction providing twice the post-accelerating gap voltage to a
foilless diode electron source (Fig. 2)
We are exploring high current (25-80 kA).
linear i1nduction electron accelerator concepts.
RADLAC 1, a 9-MV, 25-kA, radial transmission line
accelerator, and MABE, & 7-MeV, 80-kA accelerator
development facility., have been described in previous
publlcatlons,[l'z] In thi1s paper, we describe the .
design and performance of the RADLAC-II Module (RIIM).
a concept that extends technology to 1increase the H
accelerating voltage per gap and improves our
knowledge of high current beam transport lssues RIIM a

is designed to provide unrestricted access to the beam
line. Achieving this access was accomplished by
powering the beam line by water—dielectric strip

transmission lines based on PBFA 1[3] instead of the
completely closed cavity construction of RADLAC T.
This open construction 1s less efficient 1in coupling
energy to the amccelerating gap than RADLAC I.
Stripline geometries have been investigated to
opf]mlze the energy transfer efficiency and are
described briefly i1n third section of this paper. A
9-MeV, 40-kA electron beam has been generated by the
injector and two accelerating gaps 1in RIIM.

Accelerator Description

The accelerator is composed of a Marx
generator, an intermediate storage capacitor (1sC) .,
pulse forming trensmission lines (PFL). transmission
line convolutes, and the beam line The 4-MV Marx
generator with 4C, 1.3-uF, 100-kV capacitors is the
primary energy source The Marx generator charges a
coaxi1al/water—dielectric ISC through a coaxial o1l
transmission line and oil/water interface. The 1SC
has the same capacitance as the Marx generator and
reaches peak voltage in about 1.2 us. The PFL and
trensmission lines are tri-plate water—dielectric
lines which are charged when two laser—triggered spark
gaps close, transferring the energy from the ISC to
the PFLs. A frequency quadrupled ND:YAG laser focused
between the switch electrodes trigger the gas switches

4
with 1-¢ jitter less than 2.3 ns,[ ) The rapid
charging of the PFL (~ 250 ns) permits the use of
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Figure 1: Top view of RADLAC !! Module with the

conveolutes modified to increase
transmission efficiency by 40%.
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Figure 2: RIIM foilless diode design parameters.
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Beam lane Power Flow Considerations

Since the beam l1ne 1s not fully enclosed by
an accelerating cavity., the accelerating gaps must be
separated by the distance that an electromagnetic wave
would travel during the accelerating pulse so that
voltage with respect to ground along the beam line
never exceeds the output voltage of each transmission
l:ine The open construction also allows
eiectromagnetic waves to propagate into the
surrounding water, thereby charging stray
capacitances. This charging represents an energy 1loss
during the accelerating pulse. In the i1nitial design,
the 20 N transmission lines feeding the accelerating
gaps had an aspect ratio (width/gap spacing) )
approximately equal to one. With this aspect ratio,
the energy required to charge the stray capacitances
reduced the accelerating voliage substentially below
the values originally estimated from modeling studies.
The convolutes and transmission lines were
reconfigured as shown in Fig. 3 to improve the aspect
ratio This modification resulted in a 40% 1ncrease
1n the accelerating voltage

CONVOLUTE-TO-DIODE FEED MODIFICATION

NN

Figure 3 Convolute~to~diode feed modification. The

solid lines represent the original design.
The broken lines represent the present
configuration also shown in Fig 1

Beam Generation and Acceleration

The four PFLs that power the injector
provide greater than ~ 4 MV to a foilless diode
electron source The foi1lless diode generates a thin,
hollow, high current beam which is necessary to
overcome space charge effects in the low voltage end
of the accelerator. The electron beam is borne 1n the
solenoidal magnetic field which 1s used to transport
the beam through the accelerator

A schematic dimgram of the foilless diode 1s
shown in Fig. 2 together with the relevant dimensions.
The design goals were 40-60 kA at a 4 MV diode
voltage The anode cathode gap can be vartied
continuously from the outside without breaking the
accelerator beam line vacuum. The annular beam 1is
guided through the accelerator by a 17-20 kG axial
magnetic field. The field is provided by an arrav of
solenoidal coils connected to a number of capacitor

banks An improved accelerating gap design (5]
maintains radial force balance and completely

eliminates the previously observed (RADLAC I)[l] beam
radial oscilletions In addition. the accelerating
cavities ("diodes”} of the injector and post
accelerating gaps have a very low Q and very small
transverse shunt impedance 7| eliminating the growth

of the beam break-up lnst&blllty,[s] The application
of the peak voltage to the diodes is synchronized to
coincide with the arrival of the beam pulse :1n each
gap This 1s accomplished by adjusting the laser path
length to fire the spark gaps in the correct time
sequence

The beam current was measured by three
Rogowsk1 coils. One was located between the injector
and the first post accelerating gap and the other two
were downstream from the first and second gaps (Fig
1}. The 1njector and post accelerating gap voltage
were measured by resistive monitors Semples of diode
voltage waveforms are presented 1n Fig. 4. An
exper:mental! injector parameter optimization study
combined with numerical simulations led to a beam
current in the order of 40 ka (Fig. 5). Figure 5 also
shows the achieved effective accelerating voltage
throughout the entire machine. Because of excellent
switch synchronization, the total effective
accelerating voltage is close to the sum of diode
voltages. Effective accelerating voltage is the sum
of all the diode voltages as mecasured by the resistive
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monitors corrected for timing. The beam profile and
cross section was observed in many locations along 1ts
path. Brass witness plates and radiochromic foils
were used. Because of the high power density of the
beam annulus, 1t was difficult to precisely measure
beam size on brass targets. Figure 6 gives beam
damage patterns obtained i1mmediately downstream from
the injector and at the end of the accelerator.



Figure 6. Beam pattern profile on brass targets The
left target was placed immediately
downstream from the injector The right
one was at the end of the accelerator.

Table | summarizes the RIIM performance for
two Marx charging voltages

Table ]
Summary of RIIM Performance

Average Sum of
Marx Gap Gap Effective Beam
Charging Voltage Voltages Acc. Voltage Current
(kV) (MV) (MV) (MV) (ka)
75 2.08 8.25 7.30 20
85 2.34 9.35 9.06 40
Conclusjon

A reliable, high—-current linear induction
accelerator, RIIM, has been developed. The
modifications to the tansmission lines have improved
the overall power flow, resulting in a 40% improvement
in the accelerating voltage per gap. The accelerating
voltage met the original design goals. The final
energy, 9 MeV, 1s close to the sum of the injector and
post-accelerating gap voltages (9 35 MV). The
optimized i1njector and accelerating gaps have produced
a 40-kA, 9-MeV, annular electron beam.
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