9/6/13		
Addendum to “Considerations for the Design of the LEBT Chopper for PXIE”
Lionel Prost, Sasha Shemyakin
Introduction
This document follows up the note “Considerations for the Design of the LEBT Chopper for PXIE” [1]. It presents an alternate configuration for the LEBT chopper, taking into account some of the issues pointed out previously. However, at this point, it remains a ‘concept’ for a design but not a true ‘conceptual design’.
As a reminder, Table 1 below shows the main specifications of the chopper’s electrical performance (duplicated from Ref. [1]).
[bookmark: _Toc332640065][bookmark: _Toc363130540]Table 1. Kicker Requirements
	Pulse Operation
	
	

	
	Single pulse length (> 90% of maximum intensity)
	1-16665 sec

	
	Rise/fall time (10% - 90%)
	< 0.1 sec

	
	Pulse frequency
	1 - 60 Hz

	High voltage
	
	

	
	Maximum applied voltage (V) (DC coupled)
	5 kV

	
	Pulse flatness (peak-to-peak)
	< 100 V

	
	‘Zero’ stability (i.e. in between pulses)
	< 100 V

	Other electrical characteristics
	
	

	
	Kicker capacitance (with cables)
	< 100 pF



Perhaps not emphasized fairly in Ref. [1], part of the design difficulties come from power absorption/ heat removal of the various elements and surfaces that the beam could impinge upon. While no calculations or simulations have been done so far, more attention was brought to the latter in this new configuration.
Chopper concept
Envelope simulations
The envelope solution presented in Ref. [1] is unchanged. It is shown on Figure 1, for a 10 mA, 30 keV beam (copied from Ref. [1]). As a reminder, both space charge and the lenses’ 1st order aberrations are included in the calculations.
 (
Distance between kicker exit and absorber ‘aperture’
)
Figure 1: Nominal beam envelope (2.5) calculated with VACO. Note that the distance pointed out on the plot (in pink) is only relevant for the previous concepts. It is obsolete for what is presented in this document.

Chopper schematic
As mentioned in the introduction, a major difficulty for the design of the chopper system is the beam power dissipation, 300 W for 10 mA, 150 W for nominal settings i.e. 5 mA, and possibly high power densities (a few hundred’s of W/cm2 in the worst cases). In the concepts presented in Ref. [1], the beam scraping on the kicker plate when diverted onto the absorber was identified as a limitation. The most straightforward solutions were to either make the gap larger but pay the price of having to apply a larger voltage on the kicker plate(s), or shape the plates so that the kicked beam avoids them. In principle, both approaches appeared to be working. But the margin for errors (e.g.: alignment) may be too tight.
In addition, one guiding principal is to make the system robust and the elements as simple as possible. Having the beam impinging onto the kicker electrodes was not permissible in the previous concepts, unless if they were designed to sustain the beam power. With that in mind, the idea of having the kicker acting also as the absorber emerged. A ‘new’ concept based on this is shown on Figure 2.

Figure 2: Chopper concept with beam line with the kicker also acting as the absorber.

A direct and most obvious consequence from this new concept is the possibility to make the kicker plates much longer, basically the length formerly occupied by the kicker and absorber. In turn, the kicker gap can be increased, while keeping the bias on the kicker electrode(s) far from the driver anticipated limitations.
Comments about the concept presented above
On Figure 2, the voltage kick, up to -5 kV, is applied on the bottom plate and the beam is diverted upward (i.e. y-/vertical- direction). Provision is made for the possibility of applying a DC bias of a few 100s of volts on the upper plate. Both kicker electrodes are electrically isolated such that the current of the particles hitting either electrode can be measured. Note that in itself, this may be a challenge, notably for the bottom plate, which is pulsed.
The plates facing the beam are made of the Molybdenum alloy TZM. The upper plate (absorber) is tightly pressed (e.g.: bolted) against an Aluminum block with water cooling.
The concept of Figure 2 gives a little bit more freedom in the choice of its final dimensions. Those indicated on the sketch merely correspond to one possibility. As is, the voltage required to extinct 100% of the beam is V ≈ 3.7 kV as opposed to close to 5 kV in the solutions presented in Ref. [1]. However, at this point, the envelope solution of the straight ahead beam barely clears the kicker electrodes at its exit, but some adjustments to the envelope can be made relatively easily, although perhaps at the expense of the emittance growth. These details should be addressed after a preliminary mechanical design has been produced.
Below, on Figure 3, more ‘detailed’ views of the chopper assembly are shown.

Figure 3: Various views of the chopper proper as currently envisioned.

The choice of the proposed materials comes from the experience gained with the MEBT absorber test bench [2].
Another detail somewhat forgotten in the previous versions of the chopper, is the recess of the electrodes with respect to the flange surface on the upstream end. This is necessary because the upstream beam pipe diameter is smaller than the chopper vacuum chamber (as ‘designed’). Having the electrodes too close to this surface would result in vacuum breakdowns (actually, in the previous designs, the electrodes would have literally touched the upstream flange).
It is also envisioned that one of the vacuum chamber ports be a glass window so that one would have a direct view of the electrode absorbing the kicked beam.
Conclusion
While, as is, this new chopper configuration/concept may not address completely all the questions raised in Ref. [1], it seems to be adequate and flexible enough to proceed with a ‘real’ conceptual design. 
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