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Digitizer noise

Assuming the noise is constant versus frequency, signal amplitude etc. → measure 

the noise using pedestal data: standard deviation of the pedestal distribution 

taken as the digitizer noise
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Triplet CBPMs noise

12 buttons → 12 noise values

Average noise is 9.04 ADU:

✗ for half the full 16-bit ADC range (32,768 ADU) → noise is 0.0276%

✗ for 1/4 of the full 16-bit ADC range (16,384 ADU) → noise is 0.0552%

✗ for 1/8 of the full 16-bit ADC range (8,192 ADU) → noise is 0.1104%

We currently have typical amplitudes ranging 7,000 – 12,000 ADU
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Expected resolution from digitizer noise only

Using the measured noise for each of the 12 buttons, the vertical resolution of the 

three CBPMs scales with the signal amplitude as:

Each digitization channel is independent of the three other ones. There are no 

other sources of error besides the digitizer noise.

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

Proposed measurement: 

✗ change the signal amplitude (variable gain? coax attenuators?) fed to the CBPM 

modules and collect data to measure the resolution

✗ repeat for different amplitudes

✗ track the resolution versus the signal amplitude



Machine study timing study
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Machine study

Machine studies on Tuesday, October 22. See instrumentation elog.

Collected peak and zero-crossing data for different trigger/timing configurations:

✗ no trigger

✗ 60 Hz synchronous trigger

✗ injection trigger

✗ default timing alignment

✗ by-hand refined timing alignment

✗ by-hand timing misalignment

Let’s look at the standard deviation of the vertical beam → good proxy to CBPM 

intrinsic vertical resolution

https://cesrwww.lepp.cornell.edu/logs/Instrumentation/1827
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12W2 vertical centroid standard deviation vs run #
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12W3 vertical centroid standard deviation vs run #
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12W vertical centroid standard deviation vs run #
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Resolution and signal amplitude

The best measured individual resolutions (including beam motion contributing to 

couple μm) are:

✗ 12W2: ~14 μm

✗ 12W3: ~9 μm

✗ 12W: ~13.5 μm

The typical amplitudes of the buttons are (12W2 and 12W split with Liberas):

✗ 12W2: ~7100   ADU

✗ 12W3: ~14000 ADU

✗ 12W: ~7200   ADU

The resolution qualitatively tracks with the signal amplitude → digitizer noise 

contributing big to the resolution? See first part of this talk (w/ machine study 

proposal). What happens if we un-split the signals of 12W2 and 12W?

Note: resolutions from 2012 data better and signal amplitudes larger
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Zero-crossing

Extract timing jitter using zero-crossing and peak data:

✗ peak data: RD-063177.dat

✗ zero-crossing data: RD-063180.dat

From JINST paper, the timing jitter is measured as

σa is the standard deviation of the zero-crossing button reading

<a> is the average amplitude of the peak data button reading

f is set to 540 MHz (see slides on pulse shape)

Measured average timing jitter of 10.25 ps
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Timing jitter per button

jitter b0 jitter b1 jitter b2 jitter b3

12W2 10.53 10.09 9.45 9.90

12W3 10.56 10.35 10.62 10.43

12W2 10.30 10.26 10.15 10.41

Are the buttons in a given module independent timing jitter wise? Assuming 
dependent vs independent has consequences when simulating the CBPM 
performance with toy MC.



Pulse shape
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Pulse shape

Looked at the timing scan data file  for 12W2:

 /nfs/cesr/online/instr/data/cbpmii/tscan/49/TS-49884-113.dat

Quick and dirty work: peaks aligned by hand eye-balling them, zooming on +-100 

ps around the peak
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Pulse shape

Averaging the four buttons together and over-laying a 500 MHz cosine
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Pulse shape

Averaging the four buttons together and over-laying a 540 MHz cosine
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Toy MC simulation
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Updates to toy MC simulation

Beam dynamics:

✗ linear drift of the beam centroid

✗ vertical and horizontal modulation (frequency and amplitude)

Averaging

Timing jitter:

✗ timing jitter is now common to the 4 buttons in one CBPM module

Digitizer noise:

✗ Use measured noise value for each of the 12 buttons
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Configuration of the day

Configuration is the same for the three CBPMs

Add vertical betatron modulation:

✗ 145.5 kHz modulation

✗ Motion 5 or 10 μm standard deviation

Signal amplitude = 32,768 ADU
 Sine wave frequency = 540 MHz

 Timing jitter = 10 ps
Timing offset (per button) = 10, 0, -10, 0 ps

 Number of turns = 131,072
kx = 25.9 mm

            ky = 19.8 mm
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Toy MC simulation



Antoine Chapelain 20 juin 2014               23CBPM resolution measurementAntoine Chapelain, Cornell U. October 30, 2019               23

Resolution and betatron modulation

Without any beam motion (no betatron, no drift)

With vertical betratron modulation: 145.5 kHz, 5 μm standard deviation

With vertical betratron modulation: 145.5 kHz, 10 μm standard deviation

MC
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Resolution and betatron modulation

Without any beam motion (no betatron, no drift), 64 turns averaging

With vertical betratron modulation: 145.5 kHz, 5 μm standard deviation, 64 turns 

averaging

With vertical betratron modulation: 145.5 kHz, 10 μm standard deviation, 64 turns 

averaging

scales as 
1/√64

scales as 
1/8.75??

MC

scales as 
1/10.5??

scales as 1/√64

scales as 1/√64
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Let’s try in data – 64 turns averaging

no averaging

DATA
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Let’s try in data – 64 turns averaging

64 turns averaging

resolution improved by a 
factor 4-5 instead of 
expected 8

likely beam dynamics beyond 
only betatron motion is 
responsible

DATA
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What about the resolution from triplet analysis?

For the 9 runs analyzed, considering only the injection trigger, averaging 64 turns 

yields improvement in the triplet measurement resolution of:

no trigger: 4.17,  3.74,  4.43

60 Hz trigger:  6.85,  7.15,  7.64

injection trigger: 7.23,  6.81,  7.53

The ideal expected improvement is 8. Need more toy MC simulation to understand 

what limits the improvement.

DATA



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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