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Motivation
The tracking efficiency [1] in the core of high 𝒑𝒑𝑻𝑻 jets is affected by cluster merging: as 
𝑝𝑝𝑇𝑇
𝑗𝑗𝑗𝑗𝑗𝑗 increases, the occupancy and number of merged clusters in the barrel pixel detector 

layers (BPIX) increase. Moreover, the increase in track density leads to a higher probability 
to mis-reconstruct tracks in the core of jets. To mitigate this, more candidate tracks need to 
be fitted to the BPIX hits to correctly reconstruct particle tracks, resulting in exponentially 
increasing combinatorics and more CPU time.
 
JetCore [2], the current tracking iteration in the core of high 𝑝𝑝𝑇𝑇 jets, splits merged clusters 
associated to AK4 [3] calo-jets with 𝑝𝑝𝑇𝑇

𝑗𝑗𝑗𝑗𝑗𝑗 > 100 GeV and uses more candidate tracks to 
improve tracking. However, there is small room for improvement from improved cluster 
splitting and using more candidate tracks uses significantly more CPU time.

 DeepCore2.0 is a Convolutional Neural Network (CNN) based on Tensorflow [4] and 
Keras [5]. DeepCore2.0 using charge information from BPIX1 to BPIX4 to predict a Track 
Crossing Point (TCP) on BPIX2, resulting in better track seeds. DeepCore2.0 is an 
updated (Run 3 + fixes) and improved version of the original version of DeepCore [6] 
(Deepcore1.0) that was tested in Run2. 

Dataset: 2M QCD MultiJet simulated [7] events with 𝑠𝑠 = 14 TeV, PU55-75 and 1.8 <  �𝑝𝑝𝑇𝑇 < 2.4 TeV.
Jet selection: 𝑝𝑝𝑇𝑇

𝑗𝑗𝑗𝑗𝑗𝑗 > 500 GeV, |𝜂𝜂 
𝑗𝑗𝑗𝑗𝑗𝑗| < 1.4; Simulated track selection: 𝑝𝑝𝑇𝑇𝑗𝑗𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 > 1 GeV.

Samples: 10.5M clusters for training with 0.2 validation and 150k clusters for testing.
Loss function: weighted Binary Cross Entropy [8] for TCP maps and Mean Square Error for TP maps.
Activation function: all ReLU [9] except Sigmoid in the last TCP CONV layer.
Optimizer: Adam [10], batch size: 64.

The prediction threshold depends on Overlap and sum of charge deposit on a given BPIX.
The set of prediction thresholds is 0.7/0.85/1 for the first/second/third particle in Overlap and
they are raised to 0.8/0/9/1 if BPIX1/3/4 are empty and disabled if BPIX2 is empty.

Input and Target

Training Details and Prediction Threshold

Tracking Performance: DeepCore2.0

The tracking performance is evaluated using 10k simulated QCD events with 𝑠𝑠 = 14 TeV, 
PU55-75, 1.8 <  �̂�𝑝𝑇𝑇 < 2.4 TeV and using the Run 3 configuration of the CMS detector.
The plots above show the efficiency/fake rate vs 𝒑𝒑𝑻𝑻𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕/production vertex radial 
position (𝒕𝒕𝒗𝒗𝒗𝒗𝒕𝒕𝒕𝒕𝒗𝒗𝒗𝒗) for the tracking iteration dedicated to tracks in the core of high 𝑝𝑝𝑇𝑇 jets. 
True tracks come from hard-scatter processes (excludes pileup).
Despite significant improvements relative to DeepCore1.0 and JetCore in the high track 𝒑𝒑𝑻𝑻 
region, the efficiency of DeepCore2.0 for displaced track is significantly lower due to its 
heavy reliance on BPIX2. DeepCore2.0-Hybrid combines DeepCore2.0 and JetCore and 
uses less candidate tracks, which leads to lower CPU time.

Overall Tracking Performance: 
DeepCore2.0-Hybrid

The plots above show the efficiency vs 𝒑𝒑𝑻𝑻𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕/𝜼𝜼𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕/ 𝝓𝝓𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 for all tracking iterations. 
DeepCore2.0-Hybrid improves the tracking efficiency of true tracks with 𝑝𝑝𝑇𝑇𝑗𝑗𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 > 200 GeV 
by over 10% relative to JetCore, with no significant impact on the fake rate. DeepCore2.0-
Hybrid improves the tracking efficiency of true tracks with |𝜂𝜂𝑗𝑗𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡| < 1.4 and all the 𝜙𝜙 range, 
especially in the region −𝟏𝟏.𝟔𝟔 < 𝜼𝜼 < 𝟎𝟎,𝝓𝝓 ≈ −𝟏𝟏 ± 𝟎𝟎.𝟐𝟐 [11] where broken BPIX3/4 modules 
lead to a decrease in efficiency relative to the rest of the detector.

Summary and Status
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DeepCore2.0-Hybrid is an optimized combination of DeepCore2.0 and JetCore with 
lower CPU timing and improved tracking performance. Further validation is currently  
ongoing. DeepCore2.0-Hybrid can be further optimized with an updated training and the 
CPU time can be further lowered by tuning the combination of DeepCore2.0 and JetCore.
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Merged cluster information: AK4 calo-jet with 𝑝𝑝𝑇𝑇
𝑗𝑗𝑗𝑗𝑗𝑗 > 100 GeV and Δ𝑅𝑅 𝑗𝑗𝑗𝑗𝑗𝑗, 𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑗𝑗𝑗𝑗𝑐𝑐 ≤ 0.1

• 𝒑𝒑𝑻𝑻
𝒋𝒋𝒗𝒗𝒕𝒕, 𝜼𝜼 

𝒋𝒋𝒗𝒗𝒕𝒕 and 30x30 x-y maps of pixel ADC counts (normalized) for BPIX 1 to 4.

Target format: three sets of 30x30 TCP maps, three sets of 30x30 Track Parameter (TP) 
maps. The first set of TCP/TP maps (Overlap map 1) is used for the first particle crossing 
a pixel. If 2 particles cross the same pixel, Overlap map 2 is used as well. Overlap maps 3 
is used if 3 particles cross the same pixel.

• TCP map: every BPIX2 pixel is assigned 1 if a particle crossed it, and 0 otherwise.
• TP map: 𝚫𝚫𝒗𝒗,𝚫𝚫𝒚𝒚,𝚫𝚫𝜼𝜼,𝚫𝚫𝝓𝝓,𝒑𝒑𝑻𝑻 associated to a TCP.
• The predicted TCP maps are filled with TCP scores between 0 and 1, and the 

predicted TP maps are filled with the corresponding track parameters.
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