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History and Purpose
This work began in collaboration with Doug Moehs. The purpose is to create beam gaps (notches) during the Booster kicker rise time to reduce losses. Thus we must supply thirteen pulses of  ~40ns width, spaced by 2.2 microsec. This pattern is repeated at 15 Hz. We originally built +/-800 V pulsers for chopping in the extractor (pulsers floated at 750 kV in the dome).  This was successful but a tail of unchopped beam remained. The design of the 800 V pulser is significantly different from the 1.8 and 2.5 kV pulsers (see the following) and will not be discussed here.  
Next, we moved to chopping  after the 45 deg bend (W1 in Figure 1) . We built higher voltage (+/- 1.8 kV pulsers) which drove a set of 7.5 in long plates of undefined impedance. The plates are located in an old wire scanner can and are able to rotate into and out of the beam. This notched the beam cleanly however caused some beam losses in the linac (for unchopped beam). The plates spacing had to be increased.
With the larger plate spacing, a higher electric field is needed to fully chop the beam. We are now in the process of building  +/-2.5 kV pulsers.
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Figure 1: H- Layout
Chopper Structure
The chopper structure is two 7.5 X 1.5 in plates. The initial spacing was 0.7 in. To avoid unchopped beam losses, the spacing was increased to 0.9 in. and then again to 1.135 in. The plates are not microstrip structures and the impedance is not readily calculable. Had one started from scratch on this project one might have designed a chopping structure of well defined impedance. However, the plates were already in place and using them caused minimal disturbance to operations. Also, since the plates are fairly short they represent only a relatively small impedance bump.
The plates are shown in Figure 2, looking into the beampipe, and outside of the can. They can be rotated into and out of the beam. 
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Figure 2: Chopper plates in and out of wire scanner can
1.8 kV Pulsers

Figure 3 shows the 1.8 kV pulser output. This is on the test bench driving a well defined impedance of 50 ohms. Figure 4 shows 1.8 kV pulses after passing over the plates. The small reflection after the main pulse is due to the impedance mismatch with the plates. 

The pulser used three 1kV MOSFETS from DEI/IXYS. Each FET is floating and drives 17 ohms. The FET outputs are then combined. In the ideal world with no losses or reflections, if the FETS are operated at 800 V, we should have 800X3 = 2.4kV driving 17X3 = 50 ohms at the output. In reality we obtain 1.8 kV.
Pulse rates are limited by charge stored in the drain capacitor and saturation of the MN60 cores. A schematic of the pulser is shown in Figure 5.
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Figure 3: One ~40ns pulse from the 1.8 kV pulsers on the test bench (attenuated by 60 dB) 
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Figure 4: One ~40 ns pulse from the 1.8 kV pulsers (purple and yellow). This shows the pulse shape after passing over the plates (attenuated by 60 dB). 
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Figure 5: 1.8 kV pulser schematic
Beam Chopping with +/-1.8 kV

Figure 6 shows successful chopping with +/- 1.8 kV pulsers and a plate spacing of 0.9 in. The top two traces show the chopped beam in the Linac, looking at one side of a BPM located after Linac tank 2. The bottom traces show the beam in the Booster with 100 ns and 40 ns (nominal) wide notches.
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Figure 6: Chopped beam in Linac and Booster

+/-2.5 kV Pulser

The design of the higher voltage 2.5 kV pulser (for 1.135 in plate spacing)  is very similar to that of the 1.8 kV pulser. The differences are that four MOSFETS are used instead of three, and each FET drives 32 ohms instead of 17 ohms. The final output is combined to 128 ohms (instead of 50 ohms). This was feasible since we had on hand spools of 32 ohm (for the FET outputs) and 125 ohm (for the final output) cable. The difference in output impedance should be of no consequence since the plates do not have impedances of 50 ohms. The only reason for the initial choice of 50 ohms is that 50 ohm cables and connectors are readily available.

Since the voltage of the final output is now much higher, we can no longer rely on the multipin circular connector feedthrough for the pulses on the wire scanner can. We plan during the upcoming shutdown 
to remachine the wire scanner flange on which the plates are mounted, in order to install connectors rated for the higher voltage.

A schematic of the 2.5 kV pulser is shown in Figure 7.
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Figure 7: 2.5 kV pulser
Plans

We are in the process of building the 2.5 kV pulsers and they are very near complete. We would like to replace the vacuum feedthrough connectors on the wire scanner during the upcoming shutdown. The current connector is not rated for 2.5 kV.

After the shutdown, we would like to have the H- line tuned to minimize unchopped beam losses, and then study the effect of chopping in the Linac and Booster.
Other

This document is meant to be a brief status update. We have not discussed much the very useful work of others – namely the studies for Linac tuning to reduce losses through the plates (Duane Newhart), Booster studies observing the notch propagation (Bill Pellico, Ray Tomlin).
