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1. [bookmark: _Toc351734766]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: _Toc351734767]Scope:

The LEBT/RFQ interface is defined as the vacuum component 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. The diagnostics chamber will house at least one scraper [3] (a.k.a. an electrically isolated electrode with an aperture). The scraper requirements will be presented in an independent FRS document. However, some characteristics of the scraper must be taken into account for the design of the RFQ interface, hence are presented herein.
The scraper will generate a current signal related to the amount of beam intercepted by the latter. This FRS does not include the scraper, current monitoring system and processing.


3. [bookmark: _Toc351734768]Key Assumptions & Constraints: 

The LEBT/RFQ interface is compatible with the vacuum requirements of both the LEBT side [4] and RFQ side [5] 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 the FNAL Engineering Manual [6] and ES&H Standards [7].


4. [bookmark: _Toc351734769]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 the LEBT vacuum system. 

[bookmark: _Toc351734770]Beam parameters (from the Ion Source FRS [8])

[bookmark: _Toc347817308][bookmark: _Toc351734771]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: _Toc351734772]Interface end-plate

[bookmark: _Toc351734773]Table 2. Critical dimensions
	
	
	

	
	Maximum deflection under vacuum at the aperture
	0.3 mm

	
	Nominal end-plate aperture diameter (Dimension A on sketch)
	20 mm

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


* The value indicates what Fermilab will send to LBNL. The final value for dimension B will be determined empirically during the tuning procedure.

[bookmark: _Toc351734774]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

	
	Maximum heat flux to RFQ end-plate
	4.5 kW/m2

	
	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: _Toc351734775]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.

[bookmark: _GoBack]The ‘scraper’ may consist of 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 higher level requirements of the scraper, which directly impact the interface requirements, are listed in Table 4. 

[bookmark: _Toc351734776]Table 4. Scraper(s) Requirements
	Aperture
	
	

	
	Hole diameter
	
 mm

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

	Electrical
	
	

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


* Once the aperture is centered with respect to the RFQ vanes’ axis


5. [bookmark: _Toc351734777]Additional considerations

· The interface end-plate shall be water-cooled
· The upstream flange (at the diagnostics vacuum chamber entrance) shall be of the KF-type with an O-ring


Sketch of the LEBT/RFQ interface assembly showing the solenoid, the diagnostics vacuum chamber, a scraper and the RFQ 1st vane with identifications of the critical dimensions listed in Table 2, Table 3 and Table 4.
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