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[bookmark: _Toc369613075]Introduction:
The purpose of this document is to define limits of operation for the PXIE RFQ.  Beyond these limits, the RFQ may incur permanent damage that will limit or end its remaining operational life.  This will be used to define the specifications of the equipment protection interlocks.
[bookmark: _Toc369613076]Scope:
[image: People collaborating]Figure 1 shows a block diagram of the PXIE RFQ system.  This document focuses on the limits associated with the RFQ block itself.  It is the only portion of the RFQ system that contains and accelerates high intensity H- beam.  The RFQ does not contain any moving parts, so the damage potential is dominated by thermal issues.  These issues can be separated into overall heating (lack of cooling water, too much RF power, etc.) and local heating (beam impact, electrical discharge, etc.). Figure 1:  RFQ System block diagram.

[bookmark: _Toc369613077]Absolute Maximum Ratings:
The following table summarizes the maximum ratings for the RFQ.
[bookmark: _Toc369613078]Table 1.  RFQ Maximum Ratings

	Beam
	
	

	
	Maximum average beam loss rate
	500µA

	
	Maximum time above beam loss rate
	5s

	RF
	
	

	
	Peak vane to vane voltage
	66 kV

	Water
	
	

	
	Allowable water temperature range
	10-40° C

	
	Minimum flow rate per module cooling channel
	3.3 gpm

	
	Maximum flow rate per module cooling channel
	8.2 gpm

	
	Minimum flow rate per pi-mode-rod cooling channel
	0.6 gpm

	
	Maximum flow rate per pi-mode-rod cooling channel
	1.4 gpm

	
	Maximum cooling water pressure
	100 psi

	Vacuum
	
	

	
	Maximum operating pressure
	5x10-5 torr

	Spark Trip
	
	

	
	Maximum energy deposited in voltage breakdown
	1 J

	
	
	



[bookmark: _Toc369613079]Ratings Analysis:
a. [bookmark: _Toc368572275][bookmark: _Toc369613080]Beam:
[bookmark: _Toc368572277][bookmark: _Toc368572278][bookmark: _Toc368572279][bookmark: _Toc368572280][bookmark: _Toc368572281]The maximum beam loss rate is based on the functional requirements [1] of the RFQ performance.  These requirements call for better than 95% transmission for 10mA of beam current, leaving 0.5mA of continuous, allowable loss.  This is the minimum possible “Maximum Rating” for beam loss, given the functional requirements.  The specification is listed as an average current, so higher current, lower duty factor beam pulses can be steered through the RFQ while tuning.  We allow for complete beam loss through the RFQ as long as the pulse duty factor brings the average beam current below the loss threshold.
The maximum time allowed above the loss rate threshold is derived from a study on copper blistering [2].  This study shows that direct bombardment of 200keV protons will begin blistering copper after an accumulated flux of about 1018/cm2.  If the entire 10mA of beam current impacted the RFQ in a 1cm2 area, theoretical blistering threshold would be reached in 16 seconds.  The factor of three is just an added safety margin.  There are no conclusive experiments that quantify the effects of low energy H- confluence on a copper beam line component.
b. [bookmark: _Toc369613081]RF:
The RF power limit is dictated by the maximum field allowed in the RFQ to avoid overheating and sparking.  This rating allows for operation up to 10% over the design maximum field [3].  
c. [bookmark: _Toc369613082]Water Cooling:
The allowable water temperature range is set to keep the water from freezing in the RFQ and to protect hoses and seals from excessive temperature.  The upper temperature limit also protects personnel from scalding their hands while touching the RFQ copper body.  The minimum allowable water flow rates through the cooling channels and pi-mode rods are 20% below the design flow rate specified in the RF Cooling presentation of the design review.  The maximum flow rate is also specified in the RF Cooling presentation to avoid leaching of copper in the channels.  The maximum cooling system pressure is intended to protect the cooling water hoses and seals from being damaged or breached due to excessive pressure.
d. [bookmark: _Toc369613083]Operating Vacuum Pressure:
The operating vacuum pressure limit is two orders of magnitude higher than the operating pressure specified in the RFQ FRS.  There are no calculations or simulations that show this pressure will cause significant increase in RFQ spark rate.
e. [bookmark: _Toc369613084]Spark Energy:
According to design simulations, the total RF energy stored in the RFQ at specified field is about ½ J [5].  Since this is the minimum amount of energy that will be deposited in a spark, a factor of two should not cause significantly more damage to the copper.  The total energy specification includes the release of stored energy of the cavity.  RF drive must be disabled during a spark before it contributes and additional ½ J.
[bookmark: _Toc369613085]References:
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