
High Level Trigger at Belle II

Chunhua LI 
Liaoning Normal University 

超级陶粲装置研讨会， 

兰州，2024/07/07-11

1



2

An asymmetric electron-positron collider 
e+~ 4GeV  e-~ 7GeV 
~3km circumference 

SuperKEKB 

Belle II detector



SuperKEKB
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Belle II Detector
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PXD,SVD:
Decay vertex 
position 

CDC: track, 
momenta, 
dE/dx 

ECL: energy, 
timing

TOP: K/pi ID

KLM: 
Muon, K0L 



Belle II Physics
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Belle II Beam Background
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๏ Touschek effect
• Intra bunch scattering
• Rate ∝ the inverse beam size, number of bunches et.al
• Suppressed with movable collimators

๏ Beam gas
• Coulomb and bremsstrahlung scattering by the 

residual gas atoms
• Rate ∝ the vacuum level and the beam current

๏ Physical backgrounds
• Bhabha ee→(γ)ee
• Two photon: ee→eeee
• Rate ∝ luminosity

๏ Due to the low final state particle multiplicity for dark matter processes, background from 
beams become a major challenge. 

๏ Total background is significantly higher than Belle

๏ Synchrotron radiation
• Rate ∝ the beam energy squared and magnetic field squared

Dominant when 
luminosity is high



Trigger

Scheme: Hardware trigger + Software trigger 
• Level 1 (L1): hardware based 
• High Level Trigger (HLT): software based, a 

component of DAQ 
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L1 Trigger Scheme
Sub-Detector Triggers + Global Decision Logic (GDL)
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Max. Rate: 30kHz



L1 Trigger Menu
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L1 Trigger Menu
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Hadronic events

Two-track 
events, ττ, γππ, 
Y(1S) inv. decay 

et.al

w/ a large cluster events 
ττ, γππ, dark photon, et.al

Back-to-back clusters 
ττ, γππ, dark photon



L1 Trigger Menu
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Hadronic events

Two-track 
events, ττ, γππ, 
Y(1S) inv. decay 

et.al

w/ a large cluster events 
ττ, γππ, dark photon, et.al

Back-to-back clusters 
ττ, γππ, dark photon

Some trigger lines are designed for 

• Detector performance study

• Trigger efficiency 

• Calibration

• Luminosity measurement

Tighten some trigger lines once the trigger and 
DAQ system can not undertake the rate.



L1 Trigger Rate
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DAQ
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Components:  
• Unified data link (Belle2Link) 
• Common pipeline platform for  electronics readout (COPPER) 
• Merge data pieces from all detectors (Event builder I) 
• High level trigger (HLT): software based



HLT in Belle II DAQ
• Parallel processing: Multi-core, Multi-node
• ~13 HLT units, ~6200 cores
• Input: 100kB/event, 30kHz, Output: 200kB/event, 10kHz
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HLT in Belle II DAQ
• Parallel processing: Multi-core, Multi-node
• ~13 HLT units, ~6200 cores
• Input: 100kB/event, 30kHz/unit, Output: 200kB/event, 10kHz/unit 
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Online reconstruction and filter 
• same software as offline 

rec. 
• w/o PXD 



HLT

• Physics Trigger: suppress event rates 
from 30 kHz to 10 kHz

• PXD RoI: provide HLT trigger result 
and tracking information of SVD and 
CDC to calculate Region of Interest of 
PXD.

• Calibration: Flag samples for the 
calibration of detectors

• DQM: Information from 
Reconstruction for data quality 
monitoring

16



HLT Menu (example)
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Abundant trigger menu for 
physics and systematics



HLT Limits
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HLT Limits
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• Optimization on HLT software is needed to handle higher luminosity! 



Summary

• The trigger system have been improved significantly compared to 
Belle
• L1 trigger

• 3D tracking, 3D ecl Bhabha logics.
• Abundant trigger menu.

• HLT
• Large readout bandwidth, 3GB/s.
• New scheme of software trigger at Belle II,  powerful trigger 

capability. 
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HLT in Belle II DAQ
• Parallel processing: Multi-core, Multi-node
• ~13 HLT units, ~6000 cpu
• Input: 100kB/event, 30kHz/unit, Output: 200kB/event, 10kHz/unit 
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HLT Software

CDC 
Track 

Finding
Track 
Fitting

ECL 
Rec

Other 
Rec

CDC 
Track 

Finding
ECL 
Rec

Track 
Fitting

Physic
s 

Trigger

Fast 
Reco 

Trigger
Other 
Rec

Standard Offline Reconstruction
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L1 Trigger
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