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Want trigger algorithm with:

• Model-independence

• Good Background suppression

• Fulfills computing requirements @ L1T 
~1 s latency, ~1PB/s throughputμ
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Calorimeter Image Convolutional Anomaly Detection Algorithm

Schematic depiction of CMS calorimeter

Randomly generated data

• CMS deploys cylindrical calorimeters

• Sum energy deposits pixel-wise 

• Unroll to get image-like data

• Deploy convolutional neural nets
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• Train Auto-Encoder on Zero Bias data

• Reconstruction loss as Anomaly Score

• Transfer Knowledge from large AE: 

• Train smaller model on anomaly score directly

Signal model independent: unsupervised learning

~300k params
~4k params

TeacherStudent

https://arxiv.org/abs/2310.06047
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Quantization aware student 
training with QKeras

Translate trained NN into 
C++ with hls4ml

Produce FPGA code from 
C++ with Xilinx HLS 

Train teacher with 
tensorflow & keras

Deploy on AMD Virtex 
FPGA chip

Final Latency: 8BX (0.2 s)μ
CICADA

from Luis Moreno
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• Working on common paper with AXOL1T1L
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