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1. [bookmark: _Toc351537518]Introduction

This document specifies the PXIE Low Energy Beam Transport ‘scraper’. The scraper will be located just upstream of the RFQ entrance. The scraper will be use to tune the beam line during commissioning. It will also provide inputs to the machine protection system (MPS).


2. [bookmark: _Toc351537519] Definition and Scope

The scraper may consist of a solid, water-cooled, movable electrode with a round aperture and is located between the last LEBT solenoid and the RFQ entrance. 
In this document, the specifications cover the structural, electrical and thermal properties of the scraper proper, including measurements performance criteria. In addition, some dimensions of the vacuum chamber housing the scraper might be indicated as needed, as well as critical dimensions related to the scraper motion requirements.


3. [bookmark: _Toc351537520]Functions

The scraper has two functions: beam scraping and beam stop.

For the beam scraping function, there are 2 modes of operations:
· Commissioning/tuning
· Normal operation
For commissioning or tuning, the aperture is used to measure the beam size and to position the beam with respect to the RFQ’s axis. In addition, the edge of the scraper may be used to obtain beam profiles.
For normal operation, the scraper aperture is placed in the beam line concentric to the RFQ entrance aperture such that it shields the RFQ from being directly exposed to primary beam.

For the beam stop function, the scraper should be capable of intercepting the entire beam, preventing the beam to propagate downstream. As a beam stop, the scraper may serve two purposes: machine protection and/or personnel protection. However, the requirements for each case may be incompatible with one another. The final design choice will depend of the schemes adopted for the machine and personnel protection systems.

[bookmark: _GoBack]It may be that 2 (or more) electrodes will be installed in the housing vacuum chamber to decouple the scraping function (aperture/edge of the electrode) and the beam stop function (solid part of the electrode). It may also allow the scraper to serve as both a machine protection and a personnel protection sub-system.




4. [bookmark: _Toc351537521]Key Assumptions & Constraints

The scraper must be compatible with the vacuum requirements of both the LEBT side [1] and RFQ side [2] for normal operation. It may influence the design of the scraper proper but also of the housing vacuum chamber (e.g.: additional port for vacuum pumps). Vacuum requirements do not apply when the entire beam is stopped by the electrode.
Sputtering and blistering must be taken into consideration when choosing the scraper material(s).
The scraper electrode must be replaceable without displacing the upstream (e.g.: solenoid) and downstream (e.g.: RFQ) components. This is of particular importance for commissioning but also for possible failures both accidental and due to normal wear and tear.
The scraper dimensions must be compatible with the limitations imposed by the beam optics and other mechanical considerations resulting from them.
The scraper and the parts within will conform to the FNAL Engineering Manual [3] and ES&H Standards [4], especially when considering the beam stop function of the scraper.
Final technical specifications will incorporate inputs and requirements from interfaces between the other systems such as the machine protection system, the personnel protection system, the control and data acquisition system, and the cooling water system.


5. [bookmark: _Toc351537522]Beam parameters and requirements

[bookmark: _Toc351537523]Beam parameters (at the scraper location)

[bookmark: _Toc347817308][bookmark: _Toc351537524]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

	
	Minimum beam radius ()
	1 mm




[bookmark: _Toc351537525]Scraper requirements

[bookmark: _Toc351537526]Table 2. Scraper(s) Requirements
	Mechanical
	
	

	
	Hole diameter†
	
 mm

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

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

	
	Width* (i.e. horizontal dimension)
	≥ 32 mm

	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#

	Thermal
	
	

	
	Maximum beam power dissipation DC (scraping function)
	30 W

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

	Electrical
	
	

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


† The final dimension for the aperture diameter will be set by the results of commissioning
* The scraper should obstruct the RFQ entrance aperture completely when inserted to a certain position (beam stop function)
# Once the aperture is centered with respect to the RFQ vanes’ axis






6. [bookmark: _Toc351537527]Measurements criteria

Direct electrical measurements will be used to indicate when the scraper starts intercepting the beam (e.g.: for beam size measurements) and to monitor the beam power dissipated on the scraper.

[bookmark: _Toc351537528]Table 3. Electrical signal parameters to be expected
	Beam stop function
	
	

	
	Nominal current
	10 mA

	
	Resolution
	10 A

	Scraping function
	
	

	
	Maximum current
	1 mA

	
	Resolution
	1 A





7. [bookmark: _Toc351537529]Sketch of the LEBT-RFQ interface


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