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What are Smartpixels?
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• Smartpixels enable real-time filtering of 𝑝𝑇
ℎ𝑖𝑔ℎ particles from 𝑝𝑇

𝑙𝑜𝑤  particles 
before readout, using trained machine-learning models deployed on an ASIC

• High volumes of data in modern detectors require extreme readout times

• Most high energy physics searches are centered around heavy particles and 
rare decays which are produced from 𝑝𝑇

ℎ𝑖𝑔ℎ particles

• 𝑝𝑇
𝑙𝑜𝑤  particles are abundant background



How do Smartpixels Work? 
• Pixel measures charge deposited from particle
• Front end electronics amplify analog charge
• Analog charge digitized by a 2-bit ADC operating 

synchronously at 40 MHz (25 ns a cycle)
• Digitized pixel charges are summed across 

columns to make a y-profile
𝑦𝑝𝑟𝑜𝑓𝑖𝑙𝑒 = (𝑞1, 𝑞2, 𝑞3, … , 𝑞13)

• 𝑦𝑝𝑟𝑜𝑓𝑖𝑙𝑒   and global location of hit are inputs to 
filtering algorithm which filters tracks from 
particles with 𝑝𝑇

𝑙𝑜𝑤  from 𝑝𝑇
ℎ𝑖𝑔ℎ
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Figure: Visualization of  summing columns 
to make 𝑦𝑝𝑟𝑜𝑓𝑖𝑙𝑒  

𝑝𝑇
ℎ𝑖𝑔ℎ

= 1.9𝐺𝑒𝑉

𝑝𝑇
𝑙𝑜𝑤 = 135 𝑀𝑒𝑉



Started training an 
unoptimized BDT w/ 

XGBoost v 3.2.0

Needed to use Conifer to 
translate BDT model to 
hardware, but Conifer 

needed XGBoost in v 1.7.6

Previous BDT 
training parameters 
used in XGBoost v 

3.2.0 made training 
very slow in 

XGBoost v 1.7.6 

Updated the BDT 
training parameters

Recent Updates



Improved BDT training parameters
Previous training parameters Updated training parameters



ROC between models XGBoost v 1.7.6

Previous training parameters Updated training parameters





V 1.7.6

The previous training parameters in XGBoost v 1.7.6 causes large fluctuations compared to XGBoost v 3.2.0



Hardware translation of ML Model on 
XC7A100T FPGA

Qkeras NN d58w4a8 (no scaling) XGBoost BDT

Output according to hls4ml (Vivado v.2020.1) Output according to Conifer (Vivado v.2023.1)



Timing and Latency

Qkeras XGBoost BDT



Summary

• Smartpixels enable real-time ML-based filtering directly on the 
ASIC

• BDT trained from XGBoost has undergone initial hardware 
translation steps via Conifer 

• BDT requires significantly less recourses on the testing FPGA 
compared to the NN
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