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Recap’ – 1 micron single-shot resolution?

It does not seem realistic:

Averaging turns might be the only way to get a chance to reach 1 micron 

precision. Still working on Data and Toy MC to understand the averaging. So far, 

not so clear as to how/why it might (or not) work.
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Averaging data

Using data from machine study on November 13, 2019: instrumentation elog 1835

✗  131,072 turn collected with 60 Hz synchronous trigger

✗  beam current of 0.92 mA → best measured burn-by-turn resolution so far

Data’s resolution does not scale as well as ideally expected

https://cesrwww.lepp.cornell.edu/logs/Instrumentation/1835
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Averaging data

1/√N

measured in data
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Averaging data

1/√N

measured in data

log(x) version
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Averaging data

1/√N

measured in data

log(x) version

60 Hz20 kHz 385 Hz
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Expected versus observed

Correlation in the turn-by-turn resolutions could explain the observed trend

For a function f that is the average of N correlated variables:

assuming the same uncertainty σ for each variable, the uncertainty on f is:

where ρ is the correlation factor
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Expected versus observed

In our case we average turn-by-turn resolutions:

assuming 

Note: without the correlation term, the uncertainty scales as 1/√N
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Averaged resolution and correlation

Some amount of correlation can explain the observed trend. The correlation could 

appear to reduce with an increasing turn averaging.
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Correlation: how does it work?

Let’s take an exaggerated case using toy MC simulation. Let’s pretend:

✗ beam undergoes a 7 mm vertical motion at a 60 Hz rate

✗ beam undergoes a 3 mm vertical motion at 75 kHz

✗ triplet CBPMs 12W2, 12W3 and 12W see an averaged digitized amplitude of:

➢ 17,958 ADU

➢ 5,534 ADU

➢ 17,958 ADU
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Averaging

1/√N

measured in MC
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Resolution FFT in Toy MC and data: no averaging

Toy MC: two large modulations

data: many more and small modulations. 
Way more complicated… peaks in the 
resolution FFT clearly indicate correlation 
turn-to-turn
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Takeaways

✗ resolution in the data is correlated:

➢ peaks in the resolution FFT 

➢ no 1/√N scaling observed

➢ demonstrated with toy MC

➢ measured non-zero correlations between buttons

✗ correlation decreases with increasing turn averaging:

➢ for large averaging ➙ scaling closing to 1/√N

➢ due to washing/averaging-out of the various observed modulation?

➢ but did not observe scaling to reach 1/√N ➙ want to collect the maximum 

number of turns to try largest possible averaging (remember that there is an 

uncertainty associated with the resolution that grows with less data points, i.e., 

more averaging). Can try in toy MC : will the 1/√N be reached after averaging 

enough 60 Hz modulations?

➢ my bet : 10 Hz averaging could provide 1/√N scaling



Additional materials
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CBPM convention

radially outward 
(positive x)

up
(positive y)

button 0

button 1 button 2

button 3



Antoine Chapelain 20 juin 2014               17CBPM resolution measurementAntoine Chapelain, Cornell U. November 13, 2019               17

Horizontal and vertical centroids
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