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Objectives of the project 

•  Presence of two dipole magnets between the transmitter and 

receiver antennas that also enhance the signal of the phase 

shift 
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•  Measurement of electron cloud density (ECD) in a small 

section of MI using microwave technique 

•  Use of ears to: 

1.  enhance the signal of the phase shift 

2.  Create a cavity-like space 

3.  protect the antennas from beam loss 
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analyzer 

Electron cloud 

•  Big unlocalized 
phase shift signal 
due to unwanted 
reflections. 

Network 
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•  Small localized 
phase shift. 

Electron cloud 

•  De Santis, et al. (2004) 

•  Improved scheme 
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•  Big localized phase 
shift due to 
localized 
reflections. 

•  My work (C. Tan, et al. ) 

Experimental methods 
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Equipment specifications 
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Power Amplifier 

Signal Generator 

Agilent 
E4428C 
 
Max Amplitude: 
20 dBm 
 
Bandwidth: 
250 kHz to 6.0 GHz  

Avantek 
APG4004N311 
 
1 W amplifier 
+33 dB gain 
 
Bandwidth: 
1.2 GHz to 4.3 GHz 

Spectrum Analyzer 

Agilent 
N9020A 
 
Bandwidth: 
20 Hz to 13.6 GHz  

Power Amplifier 



Assembly of the equipment at 
MI-20 
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Keyboard 

Signal generator 

Spectrum analyzer 

Power amplifier I 

Cables 

Power amplifier II 

Power supply (back) 



Mechanical Drawings and photos 
of the detector 
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Ear Main Injector Pipe 
Antenna 

77.46 mm 

53.09 mm 

Cross Section 

77.46 mm 

12.70 mm 

20.31 mm 11.68 mm 

Top View 

1.65 mm 

119.63 mm 



Section of the pipe used in the 
measurements 
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Panoramic view 

Shortened view 



Schematic of the experimental 
setup 
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X-ray skew view 
of the MI beam 

pipe (Not in scale) 

Stainless steel 
ears 

Proton beam 
direction 

Antennas 
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2 
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Two FMI 240’’ 
Dipoles 
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Power amplifier I bandwidth and 
signal from detector (no amplifier) 
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2 MHz to 2 GHz 

Measured 
Cutoff Frequency 

f = 3.6 GHz 

dB
m

 

Frequency (MHz) 

Detector 
Amplifier 

1                       3 

2                       4 



S21 – antennas 1 to 3 – no beam 
and no amplifier 
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3.66 GHz to 6 GHz 

Cutoff Frequency 
f = 3.66 GHz 

Frequency (GHz) 

dB
m

 

1                       3 

2                       4 



Simulation using CST Microwave 
Studio (MI experimental setup) 

(courtesy of Dr. Thurman-Keup)	   11 



Simulation using CST Microwave 
Studio (Dipole Antenna) 

(courtesy of Dr. Thurman-Keup)	   12 



Power amplifier II bandwidth & 
signal from detector (no amplifier) 
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Detector 
Amplifier 

1                       3 

2                       4 



S21 measurements - no beam and 
using power amplifier II 
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1                       3 

2                       4 



Magnetic loop antenna	  

Simulation using CST Microwave 
Studio (Magnetic Loop) 

15 (courtesy of Dr. Thurman-Keup)	  
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Thanks for listening… 
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…Questions? 
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