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Linear Fit Log Fit

Algorithms (Approximations)
Difference of LogsDifference-over-sum

X=A x⋅[ log (V +)−log (V -)]
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Resolution (Naive)
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Functional Form Uncertainty

“An Introduction to Error Analysis,” J. R. Taylor, University Science Books, 1982.

(A review!)

Rule 1:

Rule 2:

Rule 3:

Propagation of Errors
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At boresight....

Diff-Over-Sum Resolution Analysis
Difference-over-sum:

(Rule #3)

Assumption: AWGN!!



  

What is “Noise?”

Pn=k B T B=−174 dBm /Hz

For R = 50 Ω   at 300K:

We only have 2 knobs: T and B!…….



  

Gaussian Bunched Beam

I b(t)=
eN

√2π⋅σ
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Fourier series:
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...we have the option to include as many terms as necessary...

Especially wrt integration, which is easy for cos()!!
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VoltageCurrent

Transfer Impedance

I beam (t )= I 0⋅e−t2 /2σt
2

Stripline BPMs (Directional-Coupler Style)

Directional Coupler 
architecture......

Gaussian pulses...

I 0=
eN

√2π σ
τ = l

2c
⋅[ 1

β b
+ 1

β s
]

α = angular extent (θ
s
, prior)

vbeam=β b⋅c

vsurf=β s⋅c
Beam velocityvbeam=β b⋅c

surface velocity



  

BPM Output Power
In the frequency domain, RF voltage is:

V (ω )=
θ sZ

√2π
⟨ I b⟩ A (ω )⋅sin [ω l

2c
⋅( 1

β s
+ 1

β b
)]

… which is maximized when “sin()” argument = π/2.
For electron beams, β

b
 = β

s
 = 1.  Also, A(ω) ~ 2.

Output power from our DC stripline is (per electrode, for boresight beam):
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)

2
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)
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2
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Which, when optimized by 1/4-wavelength stripline electrode:

For our JLAB stripline BPM, we expect to see (and actually 
do!) -82 dBm for I

beam
 = 1uA. Z = 50 Ω.

Beam Position Monitoring, R. E. Shafer, Accelerator instrumentation. AIP Conference Proceedings, Volume 212, pp. 26-58 (1990). 



  

DownconverterCal Cell/ Mux

I = 50 uA
B = 100kHz



  

Pn=k B T B=−174 dBm/ Hz

Typical M15 output power = -46 dBm @ 50uA

Expected noise power = -124 dBm for 100kHz

Note: Resolution is NOT accuracy!!

Calc. Rx SNR = 71 dB (B = 100 kHz)

 Σ = 1.9 um, I = 50 uA, B = 100 kHz

σ≈ 0.3um⋅√Hz
uA

So, for M15 BPM:



  41 dB SNR >> 60um resolution

I = 10 nA
B = 1 Hz



  

Measured Resolution Examples

I ~ 100nA; B = 10 Hz

I ~ 800nA; B = 10 Hz I ~ 100nA; B = 100 Hz

I ~ 70nA; B = 10 Hz

Step = 250 um

(Goubau Line, per J. Musson)



  

Statistical Communications: Formal Approach
“Bandpass White Gaussian Process”

Bayes’ Theorem:

Probability functions for transmitted and received information…...

Likelyhood function of SNR (amplitude and/or phase)

Rayleigh PDF for our received signal, corrupted by 
AWGN:

pr (r1 , r2)=
1

2πσr
2
e

−[
(r1−√ϵs)

2+r2
2

2σ r
2 ]

W. W. Harman, Principles of Statistical Theory of Communication, McGraw-Hill, NY., NY., 1963

(Rayleigh >> Ricean >> Gaussian)

Signals and noise are bivariate!!
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Joint Probability Density Function for Voltage and Phase:

Integrate over all angles to get a PDF for Voltage:

Integrate over all Voltages to get a PDF for Phase:

Proakis, Digital Communications 3rd Ed., McGraw-Hill, NY., NY., 1995 

(This is useful for investigating interferometric methods, LLRF resolution, etc.) 

Now, sigma can be extracted, from which Confidence Intervals may be established…….
eg. 95% = Est +/- 1.96 sigma    T-scores, etc…...



  

Ibeam ~ 100nA

B = 100 Hz

σ=100 um

Ibeam ~ 100nA

B = 10 Hz

σ=85 um

R = 133 umR = 158 um

Ibeam ~ 500nA

B = 10 Hz

σ=77 um

R = 120 um

Position Accuracy (cont.) 

Step = 250 um

Good news...we can measure with G-Line!

1 cm2





  

Goubau Line Animation Georg!!

Single Button-electrode Scan Prototype Sensor Scan



  

LMS 2-D Field Map Transformations



  

LMS Process

Combine rotation and scaling



  



  



  

X scale factor=√αx
2+ βx

2

Y scale factor=√α y
2+ β y

2

θy=tan−1(
β y
α y

)

θx=tan−1(
βx
α x

)

Δ θ=θ y−θx

Physical Significance of LMS Residuals

X and Y “effectively” rotated individually 

Differences in thetas represents X-Y coupling

Scale factors for X and Y directions

Δ x ,Δ y Arbitrary field offset;

Not related to physical vs. electrical centers (obtained later)

Merely tells us where we “should” have started the scan



  



  

● Beam Position Monitoring, R. E. Shafer, Accelerator instrumentation. AIP Conference Proceedings, Volume 212, pp. 
26-58 (1990). 

●  Beam Position Monitor Engineering, Stephen R. Smith, SLAC-PUB-7244, July, 1996.
● W. Barry, “A general analysis of thin wire pickups for high frequency beam position monitors,” Nuclear Instruments 

and Methods in Physics Research A301 (1991) 407-416 North-Holland
● E. Armstrong, “A Method of Receiving Short Continuous Waves,”Disclosure to the US Signal Corps, Division of 

Research and Inspection, June, 1918.
●  http://en.wikipedia.org/wiki/Superheterodyne_receiver
●  F. Terman, Radio Fundamentals, MacMillan, NY, NY., 1938
●  R. McDowell, “High Dynamic Range Receiver Parameters,”  Tech-Notes, vol. 7, no. 2,  Watkins Johnson Company, 

Mar./Apr. 1980.
●  L. Couch, Digital and Analog Communication Systems, 3rd Ed., New York, Macmillan and Collier, 1990.
●  B. Brannon, “Design Understanding the Effects of Clock Jitter and Phase Noise on Sampled Systems,”  EDN 

Magazine, Dec., 2004, pp. 87–96.
● C. Shannon, “Communication in the Presence of Noise,” Proc. Institute of Radio Engineers, vol. 37, no. 1, pp. 10-21, 

Jan., 1949.
●    http://i.cmpnet.com/rfdesignline/2006/12/Pentek_Receiver_Dec06_Fig3.jpg 

● R. Baines, “The DSP Bottleneck” IEEE Communications Magazine, Vol. 33, No. 5, May, 1995. Pp 46-54..
● R.G. Vaughan,” The Theory of Bandpass Sampling,” IEEE Trans. On Signal Proc., Vol. 39, No. 9, Sept. 1991.
● R.N. Mutagi, “Understanding the Sampling Process,” RF Design Magazine, Sept. 2004, pp. 38-48.
● R.G. Lyons, Understanding Digital Signal Processing 2nd Ed., New Jersey, Prentice Hall, 2004
● D. Smith, “Signals, Samples, and Stuff;: A DSP Tutorial (Part 1),” QEX Magazine, Mar/Apr. 1998, pp 3-16
● M. Frerking,  Digital Signal Processing in Communications Systems.   New York: Chapman and Hall, 1994.
● J. Volder, “The CORDIC Trigonometric Computing Technique,” IRE Trans. On Electronic Computers, pp. 330-334, 

Sept. 1959.
● G R. Andraka, “A Survey of CORDIC Algorithms for FPGA Based Computers,” 1998 Proc. Of ACM/SIGDA 6th 

Intl. Symp. On FPGAs, Monterey, CA., Feb. 22-24, 1998. pp. 191-200.
● B. Dorr, “A Simple Lowpass Software Filter Suits Embedded System Applications,” EDN Magazine, May 25, 2006
● J. Musson, T. Allison, R. Flood, J. Yan, “Reduction of Systematic Errors in Diagnostic Receivers Through the Use of 

Balanced Dicke Switching and Y-Factor Noise Calibrations,” Proc. of  2009 Particle Accelerator. Conf., Vancouver, 
BC,. CA., May. 2009.

● J. Musson, S. Rubin, K. Cole, “Application of Goubau Surface Wave Transmission Line for Inproved Bench Testing of 
Diagnostic Beamline Elements,” Proc. of  2009 Particle Accelerator. Conf., Vancouver, BC,. CA., May. 2009.

References

http://i.cmpnet.com/rfdesignline/2006/12/Pentek_Receiver_Dec06_

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

