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CBPM raw button distribution

CBPM raw button distribution looks typically like this simulated one:

The shape is determined by the the three known sources of errors:

✗ off-peak sampling

✗ clock jitter

✗ electronics noise
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Fitting button distribution

Successfully fitting the distribution could allow things such as:

✗ button data quality

✗ in situ uncertainty measurement

✗ beam centroid modulation measurement

The button distribution’s shape is the result of a convolution:

Gaussian 
distribution

Gaussian 
distribution
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Template fitting

Template fitting relies on:

✗ generating many template distributions:

➢ there exists lots of combinations of the 3 error parameters

✗ fitting all the templates to the distribution of interest

✗ select template, thus error parameters, with best 

It can be done in at least two ways:

“Brute force” – fast: generate the templates once and for all beforehand and 

systematically fit all of them → “infinite” statistics template

Global search – slow: perform a global minimization by generating templates on 

the fly as the minimization progresses → limited statistics template



Antoine Chapelain 20 juin 2014               5CBPMAntoine Chapelain Sep 7, 2022               5

Template

Templates contain button values normalized by the mean, e.g.:

Actual button data is also normalized by the mean so its shape can easily be 

compared and fitted with the templates
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Chi2 template fitting

Ideal       fit would be:
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Chi2 template fitting

Ideal       fit would be:

Not taking into account the uncertainty for this first round → template fit is just a 

simple least-square fit

data ith

bin content
template ith 
bin content

data ith

bin std
template ith 

bin std
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“Brute force”

About 20,000 templates were generated with the following configurations:

✗ clock jitter ⋲ [8, 12] ps in steps of 0.1 ps

✗ off-peak ⋲ [0, 30] ps in steps of 1 ps

✗ noise ⋲ [8, 16] ADU in steps of 0.5 ADU

About 10,000 raw button distributions were then generated with random error 

parameters, each of them fitted by all the templates

Clearly the accuracy of such method will be limited by the granularity of the 

template making (the finer, the more templates, the more time)
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“Brute force” results
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“Brute force” results
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“Brute force” results
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Global search

Results are a lot worse than the “brute force” approach… and the method is 

much, much slower…

Will keep playing with it to see if there can be a breakthrough
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Notes and Going forward

“Brute force” method is showing promise. Currently generating more template for 

a finer granularity hoping to improve the results.

The waveform is fixed as a 540 MHz sine wave but in practice it probably varies 

from CBPM to CBPM. It adds an extra parameter and blow up quickly the number 

of required templates.

Maybe a combined brute force/global search approach can help

Any beam centroid modulation would manifest in the raw button distribution



Additional materials
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