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Machine study:

signal-to-noise ratio
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Toy MC Recap’

Using the measured noise for each of the 12 buttons and toy MC simulations, the 

vertical resolution of the three CBPMs scales with the signal amplitude as:

The resolution is expect to improve with higher signal-to-noise ratio

8,192 ADU 16,384 ADU 32,768 ADU

12W2 10.88 5.43 2.72

12W3 11.02 5.51 2.75

12W 10.90 5.47 2.73

resolution unit = μm
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Machine study

Machine study on November 13, 2019: instrumentation elog 1835

Collected triplet CBPM peak-data for different beam intensities:

Let’s look at the CBPM individual vertical resolutions (small/negligible beam 

motion folded in) and the triplet resolution

https://cesrwww.lepp.cornell.edu/logs/Instrumentation/1835
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Raw readings, 12W2 button 0
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12W2 vertical centroid standard deviation (≅ resolution)

0.2 mA 0.4 mA 0.6 mA 0.8 mA 0.9 mA

clear improvement in the resolution

the resolution does not scale with 
the ratio of intensities (i.e. signal-to-
noise ratio) due to the other source 
of errors contributing independently 
(timing offset, timing jitter)

~6 microns!!
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12W3 vertical centroid standard deviation (≅ resolution)

0.2 mA 0.4 mA 0.6 mA 0.8 mA 0.9 mA

clear improvement in the resolution

the resolution does not scale with 
the ratio of intensities (i.e. signal-to-
noise ratio) due to the other source 
of errors contributing independently 
(timing offset, timing jitter)
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12W vertical centroid standard deviation (≅ resolution)

0.2 mA 0.4 mA 0.6 mA 0.8 mA 0.9 mA

clear improvement in the resolution

the resolution does not scale with 
the ratio of intensities (i.e. signal-to-
noise ratio) due to the other source 
of errors contributing independently 
(timing offset, timing jitter)
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Summary table

‘Combined’ is the combined resolution of the three individual resolutions

‘Triplet’ is the resolution from performing the triplet resolution measurement

‘Triplet’ ≠ ‘Combined’. From toy MC simulations, ‘Triplet’ and ‘Combined’ are:

✗ same if the three CBPMs have same resolutions

✗ different if the three CBPMs have different resolution

Culprit: triplet fit assuming same uncertainty for the three data points? Constrain 

uncertainties using the measured individual ones?

new finding



Machine study timing study
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Machine study

Machine study on November 13, 2019: instrumentation elog 1835 

Collected triplet CBPM peak-data for different timing offset:

Let’s look at the CBPM individual vertical resolutions (small/negligible beam 

motion folded in) and the triplet resolution

https://cesrwww.lepp.cornell.edu/logs/Instrumentation/1835
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12W2 vertical centroid standard deviation (≅ resolution)
+0ps +10ps +20ps +30ps +0ps -10ps -20ps
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12W2 vertical centroid standard deviation (≅ resolution)
+0ps +10ps +20ps +30ps +0ps -10ps -20ps

looks like the +0ps is well 
aligned with the peak → in 
agreement with the good 
resolution of 6 microns (from 
toy MC predictions)
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12W3 vertical centroid standard deviation (≅ resolution)
+0ps +10ps +20ps +30ps +0ps -10ps -20ps
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12W vertical centroid standard deviation (≅ resolution)
+0ps +10ps +20ps +30ps +0ps -10ps -20ps



1 micron single-shot resolution?
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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.



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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