
Improving the Belle II Neural Track Trigger with Deep Neural Networks

Timo Forsthofer, Christian Kiesling, Kai Unger, Simon Hiesl

March 6, 2024

Timo Forsthofer Belle II Neural Track Trigger March 6, 2024 1 / 15



Members of the Belle II Trigger Group
AI Trigger Group at Belle II

C. Kiesling, TRG-Parallel Session (remote), 45th B2GM, Nagoya, Japan, June 2, 2023 2

KIT ITIV
Marc Neu
Kai Unger
Jürgen Becker

MPI & TUM & LMU
Christian Kiesling 
Felix Meggendorfer
Simon Hiesl
Timo Forsthofer
Alois Knoll

KIT ETP
Lea Reuter
Greta Heine 
Slavomira Stefkova
Torben Ferber

Focus of the 
MPI/LMU/TUM 
group:

Track Triggers

Timo Forsthofer Belle II Neural Track Trigger March 6, 2024 2 / 15



Preprocessing of Input Variables

Central Drift Chamber (CDC) at Belle II with 54 layers of wires organized in nine
superlayers

Hour-glass-shaped Track Segments passed from Track Segment Finder (TSF) over
Hough-Finder to Neural Network
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Figure 4.2.: Left: a track segment in the innermost superlayer consists of 15 wires in a
triangle configuration. The three innermost layers are not used because of
the high background level. Right: a track segment in the outer superlayers
consists of 11 wires in an hourglass shape configuration. The outermost
layer within each superlayer is not used. For each track segment three
priority wires are defined (1st priority, second priority Left and Right).

together with the priority timing. Note that the requirement for a track segment hit
guarantees that at least one of the priority wires is hit.

In addition to the timing, the track reconstruction modules receive a 2 bit left/right
state which denotes on which side of the wire the track passed. The left/right state
is determined from the hit pattern in the track segment and can be either left, right
or undecided. Undecided patterns include both realistic but ambiguous hit patterns,
where typically the track is very close to the wire, and unlikely hit patterns that can
only occur from the crossing of several tracks or background noise. Figure 4.3 shows
some examples of hit patterns and their respective left/right state.

The mapping from hit pattern to left/right state is determined from simulated tracks.
For each track segment hit, the hit pattern and the true left/right state are determined.
Then, for each pattern the number of hits with true left passage nL and the number

1st priority,
passage left

2nd priority left,
passage right

2nd priority right,
passage undecided

Figure 4.3.: Examples of track segment hits with different priority ID and left/right
state. The priority cell is shown in green.

Structure of a Track Segment
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Current Network

Three input parameters for each superlayer

81 hidden nodes and two output nodes (z and theta)

Five experts for different configurations of missing Stereo Layers
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Current Network

Data in previous runs had less background

Retraining on noisy data alone increases the resolution

Strong bias in input data leads to Feed-Up and Feed-Down
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Current Network

Present trigger condition: Accept all tracks with |zneuro |< 15 cm

Efficiency and Rejection for Different Cuts Rejection for Different Efficiencies
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Deep Learning Architectures

New, more powerful FPGAs allow for bigger networks

Three or four hidden layers beneficial for resolution

More hidden layers better than more nodes per layer

1HL with 81 Nodes 4HL with 100 Nodes per HL
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Deep Learning Architectures

Rejection rate up to 10 percentage point
higher compared to present architecture
(baseline) for same efficiency

More hidden layers better than more nodes
per layer
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Extended Input

New hardware can also pass more
information to the network
Drift times for all 11 wires in track
segment passed on to network
Particularly effective for improving the
background rejection rate4.1. The track trigger 45
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ADC-Distribution on Signal and BG
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ADC-Cut

ADC-count indicates strength of electric
signal
Potential for further decrease of noise in
the CDC wires
Low counts often not real hits, so it’s
better to ignore them

ADC-Distribution on Signal and BG
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Combining ADC-Cut and 3D-Hough-Finder

ADC-Cut works well with 3D-Hough
Finder (see presentation by Simon Hiesl)

3D-Hough Finder already rejects a lot of
background and fake tracks, so the
performance is underrepresented here
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Final Performance Evaluation

Combination of all advances leads to increase in accuracy by almost a factor of three

z-Cut can be reduced from 15cm to under 10cm

Present Network Architecture Deep Neural Network with Extended
Input, ADC-cut and 3D-Input
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Final Performance Evaluation

Especially extended input helpful in reducing Feed-Up and Feed-Down

Present Network Architecture Deep Neural Network with Extended
Input, ADC-cut and 3D-Input
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Summary and Outlook

Deep Neural Networks, Extended Input, ADC-Cut
and the 3D-Hough Finder each bring significant
improvements and work well together

Implementation into hardware in cooperation with
KIT ITIV

Future training on unbiased input data

Displaced Vertex Trigger

Figure 8.3: For the same event, Hough transforms are shown from the correct vertex position
(top right panel) and a random, far-away vertex (bottom right panel). The tracks are
obtained from simple peak-finding of the Hough matrix and are color coded to match the
peaks.

algorithm, the value of each pixel through which the hit curve passes is increased by one. In
other words, the hit curve has a weight equal to unity. In the modified Hough transform, the
hit curves are first weighted according to their distance to the assumed vertex. Conformal
mapping already necessitates the calculation of the vertex distance so using it to determine
weights does not add any new expensive computations. A weight function in the form of
a 3-bit look-up table is then applied to retrieve the corresponding hit-weight. Generally,
the closer a hit is to the vertex, the higher its weight should be, see figure 8.4. Lastly, the
pixel values in the Hough matrix are incremented by the weight of the hit curve rather than
simply by one. By setting all values in the LUT to unity, the original unweighted Hough
transform can be recovered. The Hough weights used in the final version of the DVT are
listed in table 6.1.

As a second measure, the hit curves corresponding to very close hits (i.e. hits closer

70
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