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* The Large Hadron Collider

* World’s largest particle accelerator tomie
s LHCb
* Center of mass energy of 7 TeV P
v
AWAKE
* Luminosity around 1034 crn—2s-1 HRacia
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* The Large Hadron Coll

* World’s largest particle accelerator
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* A Toroidal LHC ApparatuS

* Largest detector ever constructed
# 3000 authors from 181 institutions
* Inner Detector
* Calorimeter

LAr hadronic end-cap and

* Muon Spectrometer - et dotector \OMerd colormeters

LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker

% Magnet SYStem Semiconductor tracker







* High Luminosity LHC
* Increased statistics

* Instantaneous luminosity of 7.5 x 1034 cm=2s-1
(4 times the current one)

* Integrated luminosity of 4000 fb-1
(30 times the current one) s O ammm EE e
* Increased pileup (from 36 to 200 pileup ‘ o

collisions per bunch crossing) Wams
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* High Luminosity LHC
* Increased statistics

* Instantaneous luminosity of 7.5 x 1034 cm=2s-1
(4 times the current one)

* Integrated luminosity of 4000 fb-!
(30 times the current one)

* Increased pileup (from 36 to 200 pileup
collisions per bunch crossing)

“ The High Granularity Timing Detector




* High Luminosity LHC
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ATLAS Simulation

— PU interaction
B HS interaction

“ Increased statistics
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* Instantaneous luminosity of 7.5 x 1034 cm=2s-1
(4 times the current one)
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* Integrated luminosity of 4000 fb-1
(30 times the current one)
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* Increased pileup (from 36 to 200 pileup
collisions per bunch crossing)

* The High Granularity Timing Detector

* Timing information 30

Truth Interaction z [mm]

* Resolution of 30 ps



* Jet reconstruction




* Jet reconstruction

“ Dataset

* Higgs decaying into four neutrinos

+ 90 695 jets with p; <50 GeV
+ 51732 jets with p;> 50 GeV




o SuperVised learning User's interest User's interest

+ Obj (0) =L (0) +Q(0)

th Lttty ts

Observed user’'s interest on topic k

against time t Too many splits, Q(f) is high

User's interest User’s interest

Wrong split point, L(f 'v'| Good balance of Q(f) and L(f



* Supervised learning

+ Obj (0) =L (0) +Q(0)

Instance index  gradient statistics

* Classification And Regression Trees v N
A g1,h1 /\
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The smaller the scoreis, the betterthe structure is
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* Supervised learning
& Obj (0) = [ (0) + Q2 (H)
* Classification And Regression Trees

* Tree boosting

* Hyperparameters




* Supervised learning

— training

» Obj (@) =L (0) +Q (0) |
* Classification And Regression Trees
* Tree boosting
* Hyperparameters

* Jraining

* Training loss

80 100
lterations




* Supervised learning

signal

» Obj (@) =L (0) +Q (0)
+ Classification And Regression Trees
* Tree boosting
* Hyperparameters

* Jraining
* Training loss

+ Prediction distribution




* Supervised learning
& Obj (0) = [ (0) + Q2 (H)
* Classification And Regression Trees

* Tree boosting

* Hyperparameters
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* Jraining
* Training loss

“ Prediction distribution 0.4 0.6

False Positive Rate

+ ROC curve and AUC score



signal
background




Z p%'k (PVO) signal
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jet NtrkTime
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jet pt < 50 GeV jet pt > 50 GeV

AUC = 0.972 —— Rpt AUC = 0.983 —— Rpt

AUC = 0.974 —— Rpt+tOcomp AUC = 0.984 —— Rpt+tOcomp

AUC = 0.974 —— Rpt+tOcomp+sign AUC = 0.984 —— Rpt+tOcomp+sign

AUC = 0.974 —— Rpt+tOcomp+sign+NtrkTime AUC = 0.984 —— Rpt+tOcomp+sign+NtrkTime
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0.80 0.85 0.90 : : : : 0.80 0.85 0.90
Efficiency for hard-scatter jets Efficiency for hard-scatter jets




signal
background

track

Pt

jet
1%

. trk_pt_norm=

1.0 1.5
trk_pt norm




signal
background

track

Pt

jet
Pr

. trk_pt_norm=

+ trk_phi

0
trk_phi (rad)




signal
background

track

Pt

. trk_pt_norm=
X Jet
Pr

+ trk_phi
+ trk do

0.0
trk_dO (mm)




trk_pt_norm =

trk_phi
trk do
trk z0
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trk_pt_norm =

trk_phi
trk do
trk z0

trk time
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jet pt < 50 GeV jet pt > 50 GeV

AUC = 0.974 —— Rpt+tOcomp+sign+NtrkTime AUC = 0.984 —— Rpt+tOcomp+sign+NtrkTime
AUC = 0.976 —— tracks without time AUC = 0.986 —— tracks without time

AUC = 0.977 — tracks with time AUC = 0.987 —— tracks with time
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jet pt < 50 GeV jet pt > 50 GeV

AUC = 0.974 —— Rpt+tOcomp+sign+NtrkTime AUC = 0.984 —— Rpt+tOcomp+sign+NtrkTime
AUC = 0.976 —— tracks without time AUC = 0.986 —— tracks without time

AUC = 0.977 — tracks with time AUC = 0.987 —— tracks with time
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* High Luminosity LHC
* High Granularity Timing Detector
* Increased pertormance using low-level variables

* Increased performance using low-level timing information
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