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MI RF System 
Specifications

Parameter Value Units

Frequency 52.811‐53.104 MHz

Max. Acceleration  Rate 240 GeV/sec

Frequency slew rate 1.6 MHz/sec

Acceleration Voltage 2.7 MV

Beam Power 6.2 MW

Average Beam Power 3.0 MW

Peak Voltage 4.7 MV

Average Beam Current 2.3 A

Fundamental rf Current 3.7‐4.1 A
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Main Injector 
Beam Distribution



Page 4Project X Collaboration Meeting September 11, 2009   
Joseph E. Dey

ICD-1 RF Current
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ICD-2 RF Current
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Cavity R/Q

Red Trace:

 

R/Q =100 and Q = 4000

Blue Trace:

 

R/Q = 50 and Q = 4000
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Cavity R/Q

Joe Dey
8/5/09

Project X
New Cavity Design

Harmonic Number 588
Frequency 52.8114-53.104 MHz

Acceleration Ramp Slope 240 GeV/s
Peak Beam Current 4.51 A

Total Beam Accelerating Power 6.144 MW
Number of Accelerating Cavities 20

Cavity R/Q 50
Q 10000

Maximum Cavity Accelerating Voltage 240 kV/Cavity
Accelerating Voltage Required: Vsins 2.66 MV

Total Accelerating Voltage Available 4.80 MV
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Robinson Stability
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30 GeV 
Vector Diagram
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Project X 
MI Cavity
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Microwave Studio 
Simulations

Project X 10-Aug-09
Main Injector Cavity
Microwave Studio Simulations Data

µr = 2.5

Frequency (MHz) Q Rsh Rsh

52.77 10300 530000 51.46
62.52 10300 65000 6.31
125.57 26500 3482 0.13
125.75 27700 0.26 9.39E-06
129.48 19400 10800 0.56
162.64 17600 398000 22.61
176.52 30900 0.86 2.78E-05
176.98 30400 8590 0.28
200.60 24300 5290 0.22
204.48 19600 34.8 1.78E-03

µr = 1.2

Frequency (MHz) Q Rsh Rsh

53.40 10000 568000 56.80
74.18 87900 15400 0.175
158.74 17500 233000 13.31
163.31 19200 1.07 5.57E-05
164.27 19100 44900 2.35
168.59 15000 122000 8.13
204.58 19700 32.7 1.66E-03
205.16 19200 481 0.025
226.90 22000 1.43 6.50E-05
227.50 22100 1250 0.057
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Eimac 8973 
Power Tetrode
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Eimac 8973 
Tube Curves
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Eimac 8973 
Tube Calculations

Iav

 

= 35.36

 

A
IRF

 

= 2 x 0.791 x Iav

 

= 55.94 A
Pin

 

= 777.97 kW
Pout

 

= 559.4 kW
Pcath

 

= 6.7 kW

VDC

 

= 22 kV 
Vrf

 

= 20 kV



Page 15Project X Collaboration Meeting  September 11, 2009   
Joseph E. Dey

MI Cavity Feedback 
Block Diagram

Phase Margin = 45 deg Case

Loop Gain = 106.2

Total Time Delay = 452.8 ns
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Appendix: 
Vo / Vi Plot

Blue:  Cavity with Q = 10,000
Red:  Cavity with Loop Gain = 20
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Appendix: 
Nyquist Plot

Phase Margin = 45 deg Case

Loop Gain = 106.2

Total Time Delay = 452.8 ns
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