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Motivation of CDC 3D track trigger
• Trigger rate will exceed the limitation of 30 KHZ at target luminosity
• New 3D track trigger is developed to reduce trigger rate

• Z resolution is better
• Off-orbit background

• Most of background is not coming from collision point
• Expected performance of new 3D algorithm

• Efficiency: = number of triggered signal tracks
number of signal tracks

• Background rejection rate := number of NOT triggered BG tracks
number of BG tracks
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Validation of 3D firmware

• Development status: New 3D firmware has been developed and installed to Belle II
trigger system since March 2024

• Goal of my work: Commissioning of the 3D firmware with real cosmic data
• Compare firmware and simulation(using vivado software) output of 3D track
• Validation if firmware is working as expected

Figure: Universal Trigger Board
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New system for firmware validation
• I build a new system to check consistency of firmware and simulation

• record all input and output data from firmware
• Vivado software simulation by using the input data
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Second cosmic test

5 / 25



Reason of remained inconsistency
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Offline reconstruction VS firmware

Offline reconstruction result VS firmware result
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Motivation

• Evaluate the trigger with real data
• The results of the offline tracking could be used as reference
• Evaluate the Z0 resolution
• Evaluate the efficiency: = number of triggered signal tracks

number of signal tracks

• Evaluate the background rejection rate := number of NOT triggered BG tracks
number of BG tracks
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Matched track pair

• In general, the number of triggered track differs from the number of offline
track

• Not every triggered track necessarily has a matching offline track
• Define the matched track pair:

• Find the closest Trigger track with Offline track(minimize ∆ϕ)
• Find the closest Offline track with Trigger track(minimize ∆ϕ)

• Flow of Performance Evaluation
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Track selection criteria
• Offline track selection:

• Matched track pair
• The transverse momentum PT > 0.3GeV/c
• Long track: There is a hit within the 5 layers of the inner and outer layers of the CDC.
• D0 < 1cm(for cosmic)

• Using only matched track pairs: exclude issues arise from 2D track
reconstruction
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Result

• Dataset: exp34run00142
• RunType: cosmic
• Matched Rate =matched track number

total track number = 93.65%
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Result

• Efficiency VS Background Rejection Rate
• Efficiency =87.25% (when trigger Z0 cut is ±20)
• Background rejection rate=53.85%(when trigger Z0 cut is ±20)

• TSIM result will be added later to compare
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∆Z0 distribution for each Z0 region
• Most of σ around 15cm
• It looks fine

13 / 25



∆Z0 distribution for each Z0 region
• Most of σ around 15cm
• There is a strange peak in Z0 resolution plot when Z0,offline ∈ [40,100]
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Summary

1 Firmware and simulation results are compared to valid if firmware is working as
expected

2 Most events are consistent in simulation and firmware and remain one
3 We added a new buffer to 2D track input, in order to fix the issue. 3D firmware will be

ready for physics operation from 2024 October
4 Compare the firmware results with offline reconstruction result to evaluate the Z0

resolution
5 It seems there is a strange peak in Z0 resolution plot when Z0,offline ∈ [40,100]

15 / 25



End

Thank you for listening!
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Back up

Back up

17 / 25



New algorithm

Old algorithm
• Limited number of hits used
• Selection of noise hits
• Fit using the least squares method

New algorithm
• Vote for left and right
• noise-robust
• Preliminary track reconstruction to

exclude background tracks that are not
near the collision vertex
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Hough Transform:
1 Hough Transform:

• Hit variables (zhit ,Shit ) are voted as a line in parameter space (z0 − cot θ plane)
zhit = +cot θ · Shit + z0

z0 = −Shit · cot θ + zhit
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Hough vote

1 Hough vote:
• Voting: In the cos(θ)− z0 plane, each detected hit can get a vote for each possible track

it could belong to. This method accumulates votes to determine the most likely track
parameters.

• determine the parameters of cos(θ) and z0

Figure: Voter is noise-robust 20 / 25



Motivation of CDC 3D track trigger
1 Belle II experiment: B-factory in Tsukuba, Japan, upgraded from Belle experiment

• 7 GeV e−, 4 GeV e+

• instantaneous luminosity: 4.7x1034cm−2s−1

• The target luminosity : 6.0 x 1035cm−2s−1

2 Central Drift Chamber (CDC):
• Measures the momentum, charge, and decay points of charged particles.

3 CDC Trigger: trigger charged particle from the collision.
4 Trigger rate can exceed limitation of 30kHz in future, which is maximum trigger rate
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New system for firmware validation
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First cosmic test
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Reason of firmware-simulation inconsistency
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plot
• There are some strange events in the red box
• I need to check it
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