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Recap’ – 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

VERTICAL

https://cesrwww.lepp.cornell.edu/logs/Instrumentation/1835
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Horizontal resolution versus # averaged turns

→ resolution down to 2 microns averaging 4096 turns
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Horizontal resolution scaling with # averaged turns

1/√N

measured in data
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Horizontal resolution vs averaging frequency
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Horizontal resolution vs averaging frequency

averaging/aliasing of 
180 Hz modulation starts

averaging/aliasing of 
60 Hz modulation starts

averaging/aliasing of 
synchrotron modulation starts

random noise 
averaging increases 

correlation from 
beam modulation?

→ correlation (resolution) decreases (improves) averaging beam modulation(s)
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Recap’ – 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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Recap’ – Averaging

1/√N

measured in MC

VERTICAL
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Vertical resolution scaling with averaging frequency
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Ratio of measured/ideal scaling versus averaging frequency

averaging/aliasing of 
75 kHz modulation starts

averaging/aliasing of 
60 Hz modulation starts

compatible with 1 
within stat error

Ratio > 1 means the resolution in the data averages poorer than  1/√N
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Recap’ – 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
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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

it all seems 
to add up!
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Going forward?

If somehow we could get rid of the lower frequency modulation (60 Hz, 180 Hz…), 

the resolution would scale better with averaging a large number of turn…

The more modulations and the widest the frequency range, the poorer the 

averaging does



Additional materials
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CBPM convention

radially outward 
(positive x)

up
(positive y)

button 0

button 1 button 2

button 3
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Horizontal and vertical centroids
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