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Calorimeters
• Calorimeters measure the energy and position of incoming particles 
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DAQ + PCs

FPGA, GPU, (CPU)x30000



Calorimeters
• You can imagine the data as a 2D picture where each pixel is the energy 

recorded
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PicoCal
• PicoCal is the LHCb Upgrade II calorimeter

Run 3 ECAL Run 5 PicoCal
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• Better granularity.
• Timing. 
• Double sided read-out. 
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Calo reconstruction
• Calorimeter reconstruction in LHCb has been evolving along years.

• Simple in HLT1, a bit more complex in HLT2.

3x3 + simple overlap correction

HLT1

Graph clustering

HLT2

Núria’s thesis 8

https://repository.cern/records/ewhks-59m74


Calo ML reconstruction
• First LHCb calo ML explorations described in Núria’s thesis
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Calo ML reconstruction: GNN
• Building on the work done by our colleagues.
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Great! But slow…



Calo ML reconstruction: GNN
• Inspiration
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https://arxiv.org/abs/1902.07987 

https://arxiv.org/abs/2008.03601 

https://arxiv.org/abs/1902.07987
https://arxiv.org/abs/2008.03601


Calo ML reconstruction: GNN
• Inspiration
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https://arxiv.org/pdf/1706.03762 

https://arxiv.org/pdf/1710.10903 

https://arxiv.org/pdf/1706.03762
https://arxiv.org/pdf/1710.10903


Calo ML reconstruction: GNN
• La Salle came up with new ideas
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GNNMP UzzieNet



Calo ML reconstruction: GNN
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Calo ML reconstruction: GNN
• Fast

20

UzzieNet GNNMP



Calo ML reconstruction: GNN
• Our focus has been implementation and optimization

• Architecture

• Input engineering 
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PicoCal GNN optimization
• Architecture: GarNet II
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𝜈:  node (calorimeter cell)
𝑔: input features
j:   feature index (e.g. Energy)
f:   embedded features
j:   embedded feature index
𝑎: aggregator
𝑘:   decoded feature index



PicoCal GNN optimization
• Architecture: GarNet I
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PicoCal GNN optimization
• Architecture: Attention 
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PicoCal GNN optimization
• Architecture: 

• Quantization

• Pruning

• Distillation

• ?

25



PicoCal GNN optimization
• Input engineering 
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PicoCal GNN optimization
• Input engineering 
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Bonus: exploiting the hardware chain

Can we load some steps of the 
reconstruction in the FPGAs?

• Seed finding and graph building can probably run on the FPGAs.

• ML in FPGAs is more challenging but it’s a very active field in the community. 
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Conclusions

• PicoCal ML reconstruction has demonstrated great potential to 
handle high-occupancy scenarios with great physics performance.

• Throughput remains the main difficulty towards their deployment.

• Active work in the area has demonstrated that smart architecture 
design leads to impressive throughput optimization.
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Backup
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