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❖ The Large Hadron Collider
❖ World’s largest particle accelerator
❖ Center of mass energy of 7 TeV
❖ Luminosity around 1034 cm−2s−1

❖ R = Lσ

LHC and collisions
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❖ The Large Hadron Collider
❖ World’s largest particle accelerator
❖ Center of mass energy of 7 TeV
❖ Luminosity around 1034 cm−2s−1

❖ R = Lσ

❖ Collisions
❖ Hard collisions 
❖ Soft or pileup collisions

LHC and collisions
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❖ A Toroidal LHC ApparatuS
❖ Largest detector ever constructed
❖ 3000 authors from 181 institutions
❖ Inner Detector 
❖ Calorimeter 
❖ Muon Spectrometer 
❖ Magnet System 

ATLAS
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ATLAS
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High Luminosity LHC and the HGTD detector
❖ High Luminosity LHC

❖ Increased statistics
❖ Instantaneous luminosity of 7.5 × 1034 cm−2s−1 

(4 times the current one)
❖ Integrated luminosity of 4000 fb-1 

(30 times the current one)
❖ Increased pileup (from 36 to 200 pileup 

collisions per bunch crossing)
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High Luminosity LHC and the HGTD detector
❖ High Luminosity LHC

❖ Increased statistics
❖ Instantaneous luminosity of 7.5 × 1034 cm−2s−1 
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❖ Integrated luminosity of 4000 fb-1 

(30 times the current one)
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❖ The High Granularity Timing Detector 

❖ Timing information
❖ Resolution of 30 ps
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Jet reconstruction and dataset

❖ Jet reconstruction
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Jet reconstruction and dataset

❖ Jet reconstruction
❖ Dataset

❖ Higgs decaying into four neutrinos 

❖ 90 695 jets with  < 50 GeVpT

❖ 51 732 jets with  > 50 GeVpT
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Boosted Decision Trees
❖ Supervised learning

❖ Obj (θ) = L (θ) + Ω (θ)
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Boosted Decision Trees
❖ Supervised learning

❖ Obj (θ) = L (θ) + Ω (θ)
❖ Classification And Regression Trees
❖ Tree boosting
❖ Hyperparameters

❖ Training
❖ Training loss
❖ Prediction distribution
❖ ROC curve and AUC score
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High-level variables

❖
jet_Rpt =

∑ ptrk
T (PV0)
pjet

T
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❖ jet_NtrkTime

7



High-level variable BDT performance

AUC = 0.972
AUC = 0.974
AUC = 0.974
AUC = 0.974

AUC = 0.983
AUC = 0.984
AUC = 0.984
AUC = 0.984
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Low-level variables

❖
trk_pt_norm = ptrack

T

pjet
T
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Low-level variables

❖
trk_pt_norm = ptrack

T

pjet
T

❖ trk_phi
❖ trk_d0
❖ trk_z0
❖ trk_time
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Conclusion

AUC = 0.974
AUC = 0.976
AUC = 0.977

AUC = 0.984
AUC = 0.986
AUC = 0.987

≈ 30%

≈ 30%
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Conclusion

AUC = 0.974
AUC = 0.976
AUC = 0.977

AUC = 0.984
AUC = 0.986
AUC = 0.987

≈ 5% ≈ 5%
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Conclusion
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❖ High Luminosity LHC

❖ High Granularity Timing Detector

❖ Increased performance using low-level variables

❖ Increased performance using low-level timing information


