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INDUCTION LINACS AND PULSED POWER* 

George J. Caporaso 
Lawrence Livermore National Laboratory 

Livermore, California 94550 

ABSTRACT 

Progress in electronic power conversion technology is making possible a 
new class of induction linacs that can operate at extremely high repetition 
rates. Advances in insulator technology, pulse forming line design and 
switching may also lead to a new type of high current accelerator with 
accelerating gradients at least an order of magnitude greater than those 
attainable today. The evolution of the induction accelerator pulsed power 
system will be discussed along with some details of these emerging 
technologies which are at the frontiers of accelerator technology. 

1. Introduction 

There are two main themes of this article which are appropriate for a school dealing 
with the frontiers of accelerator technology. The first is that progress in electronic power 
conversion technology is making possible a new generation of induction linacs with 
capabilities far beyond those of present machines. The second main theme is that 
advances in insulator technology, pulse forming lines and switching may lead to the 
development of a new type of high gradient, high current induction linac; the Dielectric 
Wall Accelerator. 

After a brief description of the operating principles of the induction linac we will 
describe the evolution of the pulsed power systems that provide the accelerating voltages 
for these machines. We will then describe the Dielectric Wall Accelerator (DWA) 
concept and provide some details of the novel insulator, pulse forming line and switching 
technologies that have arisen from development of this concept. 
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1.1. Induction Accelerator Principle 

A diagram of an induction cell is shown in figure 1. The induction linac cell is 
designed to have a voltage appear only across the internal accelerating gap. The housing 
of the cell and hence the outside of the accelerator can all be at ground potential. An 
arbitrarily large number of induction cells can be stacked in series to produce high energy 
beams all without any large voltages being present outside the accelerator. The cell 
generally has a core material that is either ferro- or ferrimagnetic. A voltage pulse from 
an external source is delivered to the cell typically via a coaxial transmission line. This 
voltage appears both across the vacuum accelerating gap where it is applied to the beam 
and across the housing containing the core. If the core were absent, the transmission line 
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would be shorted out by the solid metal connection of the housing to each electrode of the 
line and the voltage would collapse yielding no acceleration. With the core present, the 
conducting path which encircles it has a very large inductance. The transmission line 
then "sees" the vacuum accelerating gap in parallel with a large inductance so that the 
voltage will not collapse. 
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Figure 1. A typical induction cell. The cell is generally azimuthally symmetric except for a discrete 
number of (usually) coaxial feed lines which supply the accelerating voltage from the pulsed power units. 

This inductive isolation of the voltage will persist until the core saturates at which 
point the inductance will be reduced to a very low value and the voltage collapses. A 
generic B-H curve typical of core materials is shown in figure 2. A "leakage" current 
flows around the core which is ideally equal to f ( v / ~ ) d t  where V is the accelerating 
voltage and L is the core inductance (the behavior of real cores is quite a bit more 
complicated than this). In practice accelerator cores are driven towards negative 
saturation after the accelerating pulse to increase the available flux swing. 
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Figure 2. Hysteresis curve for a typical core material. AB is the total available flux swing from -Br to +Bs. 
After the application of a reset pulse the field inside the core will relax to Br, the remnant field. As the 
core is subjected to the accelerating pulse the magnetic domains of the core will all align and the 
permeability of the material will fall. The core is then said to be saturated and the field level is Bs. 

There is a very simple relationship which determines the voltage and the length of 
time it can be sustained as a function of the core cross-section area and the available 
magnetic flux swing in the material. Let us apply Faraday's law around the path shown in 
figure 3. 

G 
Figure 3. The dashed line shows the integration path for the tangential electric field around the induction 
cell. 

We wish to apply Faraday's law in its integral form: 
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The line integral of the tangential E-field will vanish on the vertical sections of the path 
since these lie on conductors. The integral along the top horizontal path will also vanish 
along the conductor.. The integral across the drive cable will vanish since the field is 
antisymmetric about the center of the cable. The integral along the lower horizontal 
portion of the path will vanish. except across the vacuum accelerating gap, which will just 
yield V, the accelerating voltage. 

Then if we integrate both sides of equation (1) with respect to time we find thai 

V ( b )  = S(AB) 

that it, the product of the accelerating voltage and the pulse length is equal to the cross 
sectional area of the core multiplied by the available flux swing (in MKS units V is in 
volts, At is in seconds, S is in square meters and AB is in Tesla). One can usually speak 
of the "volt-seconds" of the core to describe this isolation capacity. 

2. Puked Power Systems For Induction Cells 

2.1. Blumlein Systems 

The first method for powering an induction cell that we will describe is the Blumleinl 
(actually a Blumlein line which we will call a Blumlein for brevity) system which is 
shown in figure 4. 
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Figure 4. Blumlein pulsed power system for an induction cell. A charging system is connected to the 
intermediate conductor of the Blumlein which is a nested pair of coaxial transmission lines. The output of 
the Blumlein is taken between the inner conductor and the outer conductor (ground). When the line is fully 
charged there is no net output voltage. When the spark gap switch closes a wave begins propagating on the 
line formed by the outer and intermediate conductors. When that wave reaches the output end of the line a 
net voltage will appear across the Blumlein output. 

In this system a pair of nested, coaxial transmission lines is charged relatively slowly 
through a step-up transformer or Marx bank. A closing switch is used to ground the 
intermediate electrode of the Blumlein, which causes a net voltage to develop between 
the inner and outer conductor of the line. This voltage feeds the induction cell with a 



relatively fast pulse (on the order of tens of nanoseconds). The switch most often used is 
some variant of a spark gap in which the high voltage electrodes are separated by an 
insulating gas. Usually, a third trigger electrode placed between the other two is pulsed 
to initiate a breakdown or a laser is used to ionize the insulating gas. The breakdown of 
the gas constitutes the switch closure. These systems are limited in repetition rate by the 
recovery time of the switch. To achieve maximum repetition rate the insulating gas must 
be blown through ae switch. This type of switch is limited in repetition rate to on the 
order of several kilohertz or less. 

The 50-MeV Advanced Test Accelerator (ATA) at LLNL was constructed with a 
pulsed power system of this type employing water-filled Blumleins. The system could 
provide a 250-kV pulse to each induction cell and could source up to 10 kA of beam 
current for 70 ns at 1 Hz for extended periods or power short bursts at 1 kHz (using gas 
blowers for the spark gaps). 

2.2. Magnetic Pulse Compressors 

In the early 1980s free electron lasers were developed which required high average 
beam power for certain applications like microwave heating of tokamaks. A pulsed 
power system that was capable of providing multi-kilohertz operation was developed 
which employed saturable magnetic switches in place of spark gaps. This type of 
architecture, called magnetic pulse compression, is illustrated in figure 5. 
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Figure 5. Simplified schematic of the magnetic pulse compressor. C1 is charged slowly to approximately 
25 kV by a circuit not shown. When the volt-second product of saturable switch Mi is reached C1 
discharges through the primary of the 1: lO step-up transformer and charges C2. When the volt-second 
product of M2 is reached C2 discharges into the PFL. Switch M3 then couples the output of the PFL into a 
bank of parallel induction cells. 

A low voltage supply slowly charges a capacitor to 25 kV. The capacitor is connected to 
a saturable switch which is just an inductor with a magnetic core, much like an induction 
cell. When the volt-seconds capacity of the switch has been reached its impedance 
rapidly collapses and the charge on the capacitor is dumped to ground through the 
primary of the step-up transformer. The secondary of this transformer then charges a 
high voltage capacitor which is connected by another magnetic switch to a water-filled 



transmission line or pulse-forming line (PFL). Again, when the volt-seconds of the 
second switch has been reached this capacitor discharges into the PFL. A final magnetic 
output switch couples the energy stored in the PFL to the load (a bank of induction cells 
in parallel). The transfer of energy from one capacitor to the next occurs more rapidly in 
each succeeding stage if the product of the saturated switch inductance and the storage 
capacitance drops from stage to stage. 

This type of system was used to power the ETA-11 accelerator at LLNL and is now in 
fairly wide use. The ETA-11 machine could produce 50 pulse bursts at over 3 kHz. Each 
MAG 1-D pulse compressor could drive 20 accelerator cells at approximately 112 kV and 
a beam current of over 2 kA. 

2.3. Solid State Induction Modulators 

Around 1990 a new need for extremely high repetition rate induction power systems 
arose. For years it has been felt that a promising approach to inertial confinement fusion 
was the use of heavy ion beams to drive the targets. In typical designs of order 10 GeV 
uranium ions at tens of kiloamperes are required for an efficient power plant. The 
standard approach to providing these beams is the use of an induction linac operating at 
about 10 Hz. Figure 6 depicts this approach as well as a potentially cheaper alternative. 

Linear induction accelerator ( = 10 km, repetition rate = 10 Hz) 
B e a m l i n e 1  

Accelerating 
module 

Recirculator (repetition rate = 100 kHz) 

Accelerating 
/ module 

Bending 
magnet 

Figure 6. The two approaches to heavy ion fusion employing induction accelerator technology. The 
recirculator requires repetition rates far in excess of those that can be achieved by magnetic pulse 
compression. 



With currently foreseeable technology this machine would be of the order of 10 km in 
length. In an attempt to reduce the cost of the driver system the idea of recirculating the 
beam through a smaller number of induction cells was investigated. In order for this idea 
to be viable the induction cells would have to operate at repetition rates approaching 100 
m. 

It turns out that the requirements on the pulsed power system for a recirculating 
induction linac are even more severe than the high repetition rates would imply. The 
accelerating pulse shape and duration must change as the ions accelerate and the beam 
is longitudinally compressed. These requirements dictate a radically new and flexible 
pulsed power architecture. Such an architecture is illustrated in figure 7. 
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Figure 7. FET array pulsed power concept and.switching waveforms. C1 is the main energy storage 
capacitor which is connected and then disconnected to the load (induction cell) by the array of FETs. C2 is 
the reset capacitor which is also precharged to the desired reset voltage. When the switches open the 
voltage across the core inductance reverses and forward biases D1 so that the core voltage is clamped to the 
value across C2. When the core current drops to zero the cell is reset and is ready for another pulse. 

In the simplest version of this scheme a large precharged capacitor bank is connected 
via a suitable switch across the induction cell for the duration required2. The switch then 
opens and the circuit immediately supplies a reset pulse to the core so that it is ready for 
the next cycle. The switch is a series-parallel array of Field Effect Transistors (FETs). In 
order to work at high voltages the FETs must be placed in series since present devices can 



operate only at about 1 kV. In order to handle a lot of current the series strings of FETs 
must be placed in parallel since present devices can handle about 100 amperes. In the 
more advanced versions of this architecture the FETs are operated in their active region 
(as opposed to use as a simple on-off switch) so as to regulate or control the amplitude of 
the pulses. In systems of this type built so far the reset voltage is approximately 113 of 
the accelerating voltage so that the accelerating pulse duty factor is 25%. 

2.4. Advanced Radiography Machine 

FETs are inherently high speed devices. It should be possible to produce a system 
which is capable of delivering accelerator pulses at a rate of 1 MHz. This possibility is 
interesting for the area of flash radiography where an induction linac is used to produce a 
brief x-ray pulse that is used to radiograph a target which is rapidly evolving. Present 
machines of this type such as the FXR at LLNL take a single snapshot during an event. 
The advent of the FEiT pulsed power system makes it possible to consider an accelerator 
that could provide a temporal sequence of pictures tracing the evolution of a single event. 
One could envision producing relatively long pulses of several hundred nanoseconds to 
about a microsecond which could be split axially by fast kickers. Each half of the beam 
which emerges from each kicker would travel down a different beamline where they 
would be directed to hit the object under study simultaneously from a variety of different 
directions (the simultaneity is achieved by different-length transport lines). 

The pulsed power chain consists of inductive adders which feed the accelerator cells. 
Each inductive adder consists of a number of relatively low voltage induction cells which 
are threaded by a conducting stalk. The inductive adder looks like a coaxial transmission 
line with distributed voltage sources which are the induction cells. The output voltage of 
the adder is approximately the sum of the voltages of the individual cells. This method is 
used to maintain a reasonable accelerating gradient in the machine. Typical parameters 
of interest for radiography .&e’energy in the range of 15-20 MeV and beam current in the 
range of several kiloamperes. 



The Advanced Radiography Machine concept is illustrated in figure 8. 
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Figure 8. Advanced Radiography Machine (ARM) concept. The accelerating voltages are produced by 
inductive adders which consist of a number of FET-switched induction cells which are threaded by a 
conducting stalk. This configuration permits the voltages of the individual cells to add, producing a large 
voltage output which can be coupled to an accelerator cell. 



A diagram of a single inductive adder cell is shown in figure 9. 

Figure 9. Schematic of an inductive adder cell. The primary energy storage capacitor is shown at the top 
of the cell. This capacitor is connected across the output gap (where an insulator may be used to separate 
fluids in the cell from those in the adder stalk) through an array of FETs. The FEiTs are mounted on printed 
circuit cards with supporting circuitry and are stacked in series. There are many stacks arranged 
azimuthally around the cell which are connected in parallel. The induction core consisting of Metglas is 
wound toward the inner diameter of the cell and provides the inductive isolation necessary to sustain the 
voltage across the output gap. The cylindrical conducting stalk acts to sum the voltages of the cells so as to 
produce a large output voltage for driving the accelerator cell. 

A prototype inductive adder cell for advanced radiography (ARM1) which was 
designed to produce 15-kV pulses at up to 2.4 kA for durations up to 1.0 psec long has 
been constructed. It consists of eight parallel stacks of FET switch boards each 
containing six, 50-Amp FETs. Each stack contains 24 circuit boards. A stack with some 
individual circuit boards is shown in figure 10. 



Figure 10. One of 8 stacks of switch boards for the prototype ARM1 inductive adder cell. Each switch 
board contains six, 50-Amp capacity FETs. A switch board is shown with the overlying snubber circuit 
board removed to expose the FEiTs (bottom left). 



The 8 stacks are shown arranged around the Metglas core along with utility circuit 
boards in figure 11. . 

Figure 11. The switching assembly shown arranged around the induction core along with supporting utility 
circuit boards. 

The complete inductive adder cell is shown in figure 12. This cell has produced 
output pulses at a repetition rate of up to 330 kHz. It has delivered 3.3 kA into its 



saturated core with a 3-psec-long pulse without failure. A second-generation ARM cell 
(ARM2) is now being prototyped. It will use new FETs which have double the current 
capacity of the ARM1 FETs and will incorporate a larger core and active reset. 
Simulations indicate that its repetition rate will approach 800 k.Hz. Three ARM2 cells 
will be built and stacked into an adder configuration to verify its performance. 

I 

Figure 12. The complete ARM1 inductive adder cell. The eight large boxes which are installed over the 
banks of switch cards contain the primary energy storage and reset capacitors. 
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III. The Dielectric Wall Accelerator 

The typical induction linac, although capable of producing beams in the kiloampere 
range, has an average accelerating gradient which is on the order of 1 MV/meter or less. 
Acceleration occurs only over the accelerating gaps, which generally constitute a small 
fraction of the total machine. Suppose we could replace the conducting wall by an 
insulating wall that could support a longitudinal field. The possibility then arises that we 
may apply an axial accelerating field continuously over the entire structure and so 
achieve a much higher gradient. This idea is illustrated in figure 13. 
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Figure 13. Comparison between a conventional induction linac structure and an accelerator which has an 
insulating wall. In the conventional structure the gradient is limited because the voltage can appear only 
across the vacuum gap because the walls are conducting. In the Dielectric Wall .Accelerator a longitudinal 
field can be supported over the entire length of the machine. 



3.1. Novel Insulator Technology 

We investigated a novel insulator technology known as the Microstack concept 
developed by Tetra Corporation3. Microstack insulators are composed of thin layers of 
standard insulating materials alternating with finely spaced floating metal electrodes. The 
spatial period of such alternations ranges from 0.1 mm to several mm. Several small 
samples of this type from various sources are shown in figure 14. 

Figure 14. Microstack type insulating samples. 

The usual reason given for the expected increase in performance of this technology is 
illustrated in figures 15 and 16. . A widely held view of the process by which an insulator- 
vacuum interface breaks do%n is shown in figure 15. Basically, an electron is field 
emitted from the triple point on the cathode of the insulator where there is an 
enhancement of the electric field (the triple point is the intersection of the vacuum, 
insulator and electrode): This electron starts to drift in the electric field between the end 
plates of the insulator. Since the insulator is a dielectric the electron polarizes it, resulting 
in an attractive electric field which eventually pulls the electron into the surface. 
Depending upon the electron's energy when it collides it may liberate, on average, more 
than one electron. The emission of these electrons charges the insulator surface, which 
eventually leads to their own collision with the surface, releasing even more electrons. 
This growing electron bombardment desorbs gas molecules that are stuck to the insulator 
surface and ionizes them, creating a plasma which shorts out the insulator. This process 
is referred to as a Secondary Electron Emission Avalanche (SEEA). . 



+ + + 
Figure 15. Illustration of the Secondary Electron Emission Avalanche (SEEA) mechanism. An electron is 
field emitted from the negative triple point, polarizes the insulator and collides with the surface, liberating 
more (secondary) electrons as it goes (left). The electron bombardment desorbs gas molecules that were 
stuck to the insulator surface (center). Finally, the electron flow collisionally ionizes the desorbed gas, 
creating a dense conducting plasma which shorts out the insulator. 

The scale length for the electron hopping distance along the insulator surface can be 
on the order of a fraction of a millimeter to several millimeters. If conducting electrodes 
were inserted into the insulator with spacings on this order the SEEA might be 
interrupted so that no current amplification would take place. This idea is shown in 
figure 16. 

+ + + 
Figure 16. Interruption of the SEEA by closely spaced intermediate electrodes. The electron current 
amplification due to secondary emission will be stopped if the electrode spacing is comparable to the 
electron hopping distance (left). Direct bombardment of the surface by charged particles or photons can 
still liberate electrons from the insulator but the current will not amplify (center). It would appear that a 
surface breakdown could occur only if the bombardment by charged particles or photons was so intense 
that the adsorbed gas would be ionized or if the bombardment liberated enough gas from the surface that an 
avalanche breakdown (in the gas) could occur between the plates (right). 

The theory of insulator surface flashover has been a controversial subject for many 
years and it is by no means certain that the ideas just discussed are valid. However, they 
suggest that this insulator technology might be a big step forward. In order to test this 



insulator concept we acquired a large sample (22 cm outer diameter by 2 cm in axial 
length) and placed it at the end of a pulse line so that it would be subjected to a 
longitudinal electric field. The cathode end of the insulator was an anodized aluminum 
plate (anodized to suppress field emission) while the anode end was connected to a highly 
transparent wire mesh (>98% optically transparent). Two experiments were conducted. 
In the fust experiment the insulator was subjected to 20-ns FWHM (full width at half 
maximum) pulses and withstood up to 25 MV/meter without any sign of a breakdown 
(and without detectable emitted current from the cathode plate). In the second 
experiment, a piece of velvet cloth (which is a good field emitter) was silver epoxied onto 
the cathode plate turning the test fature into a diode. This is illustrated in figure 17. 
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Figure 17. The microstack test fixture. The vacuum test chamber is shown at the upper left. The 2-cm- 
long insulator mounted between two stainless steel flanges is shown in the upper right. The test chamber 
was mounted on the output end of a pulser. A velvet cloth cathode was attached to the negative end of the 
insulator converting the arrangement into a diode, which is illustrated in the lower diagram. 

Up to 1 kA could be extracted from the diode at a gradient of 20 MV/meter without 
detectable breakdown of the insulator. When a higher gradient was attempted signs of 
breakdown towards the end of the pulse could be detected (figure 18). 
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Figure 18. Voltage and current waveforms from the diode tests for three different values of impressed 
electric field. The data in the left column show a normal applied voltage pulse and the measured emitted 
beam current from the downstream current monitor. The data in the center correspond to an increase in 
applied voltage which results in some anomalous increase in emitted current towards the tail of the pulse 
and a sharpening of the tail of the voltage pulse. This becomes even more pronounced in the data shown in 
the right column, where the voltage is collapsing halfway through the pulse, indicating that a breakdown 
has occurred. Many such breakdowns occurred during testing with no apparent damage to the insulator or 
degradation in its voltage holding ability. 

3.2. Pulse-Forming Lines for the D WA 

This test indicated that thefnsulator did indeed have promise for this application. The 
next element required for the:DWA is a suitable PFL that could operate at high gradient 
and which could feed an accelerating pulse down to the insulating wall. An interesting 
concept for this was invented by Bruce Carder. The PFL is called an Asymmetric 
Blumlein and a simplified version of it is shown in figure 19. 

The line consists of two radial transmission lines which are filled with different 
dielectrics. The line having the lower value of dielectric constant is called the "fast" line 
and the one having the higher dielectric constant is termed the "slow" line. Initially, both 
lines are oppositely charged so that there is no net voltage across the inner diameter of the 
assembly. M e r  the lines have been fully charged two closing switches are thrown across 
the outside of both lines. This action causes the inward propagation of voltage waves 
which carry opposite polarity to the original charge so that a zero net voltage will be left 
in the wake of each wave. When the fast wave hits the inner end of its line it reflects 
from the open circuit it encounters. This reflection doubles the amplitude of the wave 
voltage causing the polarity of the fast line to reverse (original charge voltage minus 
twice the original charge voltage in the wave plus reflection). The voltage on the slow 
line is still at the original charge level. At that instant the voltages on the inner ends of 
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both lines add,.producing a pulse that can be used to accelerate a beam. This voltage will 
collapse when the slow wave eventually arrives and reverses the polarity of the slow line. 
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Figure 19. The Asymmetric Blumlein. The line is pictured at three different times. The initially charged 
configuration is shown at the left. When the switches close, waves carrying polarities opposite to the 
original charge are propagated radially inward at different speeds (center); When the fast wave reflects 
from the open circuit at the inner end of the line, the polarity of the fast line reverses, leading to the 
appearance of a net voltage across the inner end of the assembly (right). 

The pulse length attainable from the Asymmetric Blumiein is equal to the difference 
in the one-way transit times of the slow and fast waves and is in the range of tens of 
nanoseconds. A version of the line designed to reduce its radial size and weight for a 
given pulse length (also due to Carder) is shown in figure 20. The line is changed from a 
sandwich of radial lines to a combination of spiral lines which have 2 longer path length 
for a given radius than a simple radial line. 



Figure 20. A spiral version of the Asymmetric Blumlein. The line on the left is the slow line employing 
titanium dioxide (epsilon = 85) and the line on the right is a printed circuit board material called RT-Duroid 
(epsilon = 10). 

3.3. Laser -Induced Suface Flashover Switch 

The last element required for the DWA is a suitable closing switch that can operate at 
high gradient at the outside:bf the Asymmetric Blumleins. Examination of figure 19 
reveals that the outer surface of the fast and slow lines are at a high electric field stress (if 
we are operating at high gradient) and mzy be near to a surface breakdown. Since it is 
known that such breakdowns are very prompt, this mechanism would be an ideal closing 
switch if it could be controlled. It turns out that by illuminating the line surface with a 
prompt flux of ultraviolet (uv),photons a breakdown can be reliably induced. 

A vacuum chamber was’constructed that permitted the _microstack samples to be 
charged to high voltage with a Marx bank. A frequency doubled or quadrupled Nd-YAG 
laser (1.06 p) was introduced through a port (and lenses) and thrown to a line focus 
approximately 1 mm x 1 cm along the outside of the sample. The fluence required to 
initiate the breakdown was measured as a function of the, charge voltage across the 
sample and the wavelength of the incident light. A schematic of the apparatus is shown 
in figure 21. It was found that a few milliJoules per switch point was sufficient to obtain 
a reliable breakdown. 
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Figure 21. Schematic of the laser-induced surface flashover switch test apparatus. A Marx bank was used 
to apply a high voltage across small insulator samples. A short laser pulse was brought to a line focus 
across the outside of the sample to induce a surface flashover. 

The laser-induced surface flashover switch appears to work well at gradients up to 
150 kV/cm (tested so far) carrying 2 kA in our tests. The next step due to occur towards 
the end of this fiscal year will be a system test employing a stack of 5 Asymmetric 
Blumleins and the laser surface flashover switch as shown in figure 22. The laser light 
will be directed to the outer surface of the spiral Blumleins via a bundle of 60 fiber optic 
cables which will provide 12 switch points per line for each of the 5 lines. Because of 
funding limitations microstack insulators will not be used so the expectations for gradient 
are modest; we are hoping to demonstrate at least 5 MVM. 

In summary we have seen that advances in power conversion technology are 
facilitating the development of a new class of induction accelerators with repetition rates 
approaching 1 MHz and which offer the promise of precise beam handling. 
Improvements in insulator technology, novel pulse forming lines and high gradient 
switching may lead to a new type of induction accelerator with gradients more than an 
order of magnitude greater than that available today. 
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Figure 22. Schematic of the high gradient accelerator demonstration planned for FY95. A frequency 
tripled Nd-YAG laser pulse will be routed via a bundle of 60 fiber optic cables to a stack of 5 Asymmetric 
Blumleins (12 switch points per Blumlein azimuthally spaced). A velvet cloth field emitter will serve as a 
cathode for what is essentially a high gradient, short pulse diode.. 
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