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1. [bookmark: _Toc348098869]Introduction:

The Project X Injector Experiment[1] (PXIE) will be a prototype Front-End linear accelerator that will validate the concept for the Project X[2] front-end, thereby minimizing a large portion of the technical risk within Project X. This document specifies the vacuum interface between LEBT and RFQ.


2. [bookmark: _Toc348098870]Scope:

The LEBT/RFQ interface is defined as the vacuum vessel making the junction between the last LEBT solenoid and the upstream end of the RFQ. It is important to note that the RFQ end-plate is included in the definition of the interface within this document. In fact, the RFQ end-plate drives many of the requirements listed herein.
The interface includes a diagnostics chamber.


3. [bookmark: _Toc348098871]Key Assumptions & Constraints: 

The LEBT/RFQ interface is compatible with the vacuum requirements of both the LEBT side[3] and RFQ side[4] for normal operation. The RFQ interface plate (copper side) must be compatible (sealing surface, hole pattern, cleaning technique) with the RFQ itself. The LEBT/RFQ interface requirements are mainly determined by the beam line optics in the LEBT, the Twiss parameters required at the first vane tip of the RFQ, and RF parameters (power dissipation) on the RFQ side of the interface.
The LEBT/RFQ interface and the parts within will conform to FNAL Engineering[5] and ES&H Standards.[6]


4. [bookmark: _Toc348098872]Requirements

The interface consists of the RF end plate, a diagnostics chamber on the LEBT side, and a vacuum flange for connection to the remaining part of LEBT vacuum system. 

[bookmark: _Toc348098873]Beam parameters

[bookmark: _Toc347817308][bookmark: _Toc348098874]Table 1. Beam parameters
	
	
	

	
	Ion type
	H-

	
	Kinetic energy
	30 keV

	
	Nominal beam current
	5 mA

	
	Maximum beam current
	10 mA

	
	Maximum beam power (DC)
	300 W




[bookmark: _Toc348098875]Interface end-plate

[bookmark: _Toc348098876]Table 2. Critical dimensions
	
	
	

	
	Maximum deflection under vacuum at the aperture
	0.3 mm

	
	Maximum end-plate aperture diameter (Dimension A on sketch)
	50 mm

	
	Distance between downstream surface of the interface end-plate to RFQ first vane tip (Dimension B on sketch)
	~11 mm*


* The actual value for dimension C will be determined empirically during tuning.

[bookmark: _Toc348098877]Table 3. Other Requirements
	Vacuum
	
	

	
	Maximum gas flow to RFQ
	10-4 Torr l s-1

	
	Vacuum pressure at RFQ side (beam on)
	< 5·10-7 Torr

	Thermal
	
	

	
	Maximum dissipated RF power at the RFQ side of the interface
	250 W

	
	Peak RFQ side copper temperature at full power
	50°C

	Mechanical
	
	

	
	Distance from solenoid yoke downstream surface to RFQ first vane tip (Dimension C on sketch)
	≤ 17 cm

	Materials
	
	

	
	Copper Class C10100 for the downstream surface (i.e. RFQ side)
	

	
	304/316 Stainless Steel for the upstream end-plate surface (i.e. LEBT side) and diagnostics vacuum chamber
	






[bookmark: _Toc348098878]Diagnostics vacuum chamber and its instrumentation

· The diagnostics vacuum chamber, attached to the interface end-plate (see sketch below), houses an electrically insulated ‘scraper’ (or a set of scrapers installed to function sequentially).
· The interface design dimensions should be compatible with the scraper(s)’s (listed in the table below).
· The interface design should allow replacing the scraper(s) without disassembling the interface from the RFQ.
· The diagnostics chamber proper does not need to be removable.

The ‘scraper’ may consist in a solid, water-cooled, movable electrode with a round aperture, and possibly, also acting as a beam stop when the scraper is inserted such that beam cannot propagate downstream through the RFQ aperture hole. It may be that 2 (or more) electrodes will be installed to decouple the scraping function (electrode with a hole) and the beam stop function (solid (part of the) electrode). The main requirements, most of which directly impact the interface requirements, are listed in Table 4. Another, more detailed document describes the scraper(s) requirements.

[bookmark: _Toc348098879]Table 4. Scraper(s) Requirements
	Aperture
	
	

	
	Hole diameter
	
 mm

	
	Thickness (i.e. beam propagation’s direction)
	≤ 10 mm

	
	Concentricity with respect to the RFQ vanes’ axis (x & y)
	±0.25 mm

	
	The scraper should obstruct RFQ entrance aperture completely when inserted to a certain position (beam stop function)
	

	Positioning
	
	

	
	Position along the beam line (Dimension D on sketch)
	65 ± 0.5 mm upstream of the RFQ’s 1st vane tip

	
	Completely retracted position
	≥ 30 mm from axis

	
	Range of motion with respect to the RFQ vanes’ axis
	± 25 mm

	Other
	
	

	
	Maximum beam power dissipation DC (scraping function)
	30 W

	
	Maximum beam power dissipation (beam stop function)
	300 W for 1s

	
	Maximum applied voltage with respect to the beam pipe (i.e. ground)
	500 V





5. [bookmark: _Toc348098880]Additional considerations

· The interface end-plate shall be water-cooled
· Monitoring of the beam power dissipated on the scraper may be from direct electrical measurements (e.g.: intercepted current) or calorimetric measurements (e.g.: water temperature rise)
· An output signal (e.g.: TTL) will be provided to the Machine Protection System


Sketch of the LEBT/RFQ interface assembly showing the solenoid, the diagnostics vacuum chamber, a scraper and RFQ 1st vane with identifications of the critical dimensions listed in Table 1 and Table 2
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