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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:

Gaussian 
distribution

Gaussian 
distribution
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Sum of convoluted PDF

From Suntao’s work (2021-09-21):
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My implementation of Suntao’s work

Parameters:

jitter = 10 ps
offset = 0 ps
omega = 2π.500 MHz
1/snr = 10/20,000 = 5e-4

Convolution setting:

x integrated over [0.9, 1]
x step = 1e-5
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My implementation of Suntao’s work
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Changing offset from 0 to 10 ps

something is off… 

PDF? 
random data generation? 
convolution?
Integration?
…?



“brute force” cosine computation
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“Brute force” cosine computation

Instead of using the PDF: 

We can just brute force the computation:

✗ sample the Gaussian distribution:

➢ array of jitter+offset values

➢ array of weights

✗ compute the cosine of the jitter+offset values

✗ histogram the results weighting the bin contents with Gaussian weights

✗ perform the Mellin convolution using the histogram

Hyperparameters: 

✗ sampling step size of Gaussian distribution (typically <0.1 ps)

✗ number of bins in cosine histogram (typically 100-200 bins)
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Successful approach

jitter=10 ps, offset=10 ps, freq=500 MHz, 1/SNR=10/20,000=5e-4 
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Playing with hyperparameters
jitter=10 ps, offset=30 ps, freq=500 MHz, 1/SNR=8/32,000=2.5e-4 

step size = 0.1 ps
number of bins = 200

step size = 0.5 ps
number of bins = 100

step size = 0.05 ps
number of bins = 100

step size = 0.05 ps
number of bins = 200
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Validating hyperparameters choice

jitter=10 ps, offset=0 ps, freq=500 MHz, 1/SNR=20/10,000=2e-3 

step size = 0.01 ps
number of bins = 200
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Fitting pseudo-data

Let’s see how well this approach perform by fitting pseudo-data for:

✗ jitter

✗ offset

with the non-fitted parameters:

✗ frequency is fixed to 500 MHz 

✗ SNR set to a random value for each pseudo-data run

Random drawing of parameters:

✗ jitter ⋲ [8, 12] ps

✗ offset ⋲ [0, 30] ps

✗ 1/SNR ⋲ [8/32000, 20/10000]

Pseudo-data is generated simulating 262,144 turns (i.e. 218)
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Results
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Results
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Results

Results looking good. The only area of concern is for offset value below 5 ps.

Results expected to worsen adding two extra fit parameter (frequency and SNR)

accuracy [ps] precision [ps]

jitter 0.06 0.15

offset -0.09 0.62



Back to the Maths
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Back to the Maths

Clearly, there must be something missing with the cosine PDF

from Wikipedia

https://en.wikipedia.org/wiki/Probability_density_function#Scalar_to_sc
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Back to the Maths

Let’s zoom in on the case for our non-monotonic cosine function:

we have: 

where:                                                 with 

Solution(s) to                       ?
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Solution

Solution is:

which leads to Suntao’s formula:
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More solutions?

But there is a second solution:

which leads to:
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Full solution

Thus the full solution is:

and we were missing the second term until now
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All is well now

jitter=10 ps, offset=10 ps, freq=500 MHz, 1/SNR=10/20,000=5e-4 
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Next steps

Compare results from “brute force” and PDF approach:

✗ accuracy? Precision?

✗ speed?

Estimate performance for full fit:

✗ jitter

✗ offset

✗ SNR

✗ frequency

If meaningful results, adjust method to fit real data and give it a try:

✗ fit without constraints

✗ fit with known constraints (e.g. SNR)

✗ change offset and see how the method tracks or not



Additional materials


	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
	Slide 26
	Slide 27
	Slide 28
	Slide 29

