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[bookmark: _Toc309387030]Introduction:

The purpose of this document is to define the specifications for the PXIE Radio Frequency Quadrupole (RFQ) power couplers.  The RFQ accepts the beam at 30 keV as it exits the LEBT[1] and accelerates it to 2.1MeV where it is transferred to the Medium Energy Beam Transport (MEBT) section.[2]  The RFQ will require between 100-130kW of power to maintain its designed electromagnetic fields.  This power will enter the RFQ through two RF input couplers.  This specification includes the physical size limitations, RF requirements, vacuum, and cooling requirements of these couplers.  
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The PXIE RFQ power coupler includes all components necessary to transport up to 75kW (each) of RF power from a 50 source into the RFQ vacuum while maintaining the RFQ vacuum integrity.  An example coupler design is shown in Figure 1.  This drawing shows how the couplers might interface with the RFQ.

[image: rfq_with_couplers.jpg] 
FIGURE 1: Example sliced drawing of RFQ input couplers connected to RFQ.

The RFQ will be driven by two, 75kW, continuous wave RF amplifiers.  Each amplifier will drive a circulator to protect the amplifiers from reflected power from the couplers.  The RFQ beam pipe will be maintained at high vacuum and must not be contaminated by leaks or outgassing in the coupler. 
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The RFQ will be installed initially in the PXIE facility at NML.  The RFQ will be included in the overall layout, and will conform to FNAL Engineering[3] and ES&H Standards.[4]  All interfaces (e.g. power, instrumentation, vacuum) will be further discussed and agreed upon by the PXIE Project Scientist.

Electrical:
· The two input couplers have equal coupling factors to minimize total power handled by each coupler.
· For maximum power transfer, both couplers need to look matched at their inputs.  This requires that the reflection coefficient between a single coupler and the RFQ cancels the crosstalk between couplers (S11+S12=0).  
· The formula for the reflection coefficient as a function of coupling factor is S11 = -1/(1+2)[5].  S21 is derived from the resulting voltage on the cavity and is given by 2/(1+2).  Solving the equation above gives the maximum power transfer, =1/2. 
· Field simulations in the RFQ assume peak RF voltage across the vane tips to be 60kV.
· Our RF power sources can supply a maximum 150kW (75kW each input) of RF power to the RFQ.  The couplers should be designed to allow matching the full 150kW of power into the RFQ if necessary.

Mechanical:
· RFQ vacuum level will be maintained below 5e-7 Torr.
· Pumping speed around coupler ports is ~1000 l/s.
· Clearance between the RFQ body and enclosure wall is 1.6m on the shortest side.  We will need 1m of space for egress and 0.2m for RFQ component protection railings.
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Requirements
Table 1.  RFQ Coupler Requirements

	Physical 
	
	

	
	Horizontal excursion from RFQ body below 2.5m height
	≤0.4 m

	
	Vertical excursion from coupler flange
	≤1.4 m

	
	Orientation of power input (can use RF elbows if necessary)
	Up

	
	Coupling to RFQ adjustable without changing input orientation.
	

	
	Coupling flange
	???

	RF
	
	

	
	Frequency
	162.5 MHz

	
	Duty factor (CW)
	100%

	
	Intrinsic impedance of input
	50 ±5%

	
	Maximum RF power input
	75kW 

	
	Maximum VSWR
	

	
	Transformer coupling factor range
	-60 to -22 and 22 to 60

	
	
	

	Vacuum
	
	

	
	Gas load (per coupler)
	< 10-5 torr*l/s

	
	
	

	Operational
	
	

	
	Sparking rate for conditioned coupler
	< 2/hour

	
	Coupler will not multipactor over specified operating range.
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