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Exploring jets: substructure and flavour tagging
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Hadronic environment @ LHC ) S

P Proton-proton collider
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» 27 km circumference

>Upt0\/3=14TeV

P Host of 4 large experiments
(+ several others)

> ATLAS
> CMS ,
» LHCb Click me

CMS

> ALICE e

P Abundance of quarks
and gluons in pp collisions

\ Particle Jet Energy depositions
P In calorimeters

P As a consequence of the hadronisation of quarks and gluons produced in
pp collisions, a collimated shower of hadrons (jet) is produced.
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https://cms.cern/news/jets-cms-and-determination-their-energy-scale
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Jet calibration CMS-DP-2021-033  ({5)

ATLAS arX|v 2303 17312 ATLAS

. EXPERIMENT

dijets
/+jet
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Energy -
P Traditional calibration in Run2 both in CMS and ATLAS

r——. o= o e e T e e e Ao A

» Factorised approach: plleup—>5|mulat|on—>re5|duals " Reconstructed  WIpiSteneiE ka0 NI BRSO A o1 tc C bmsed |
-.i"fii jets pile-up correction correction calibration )

Global sequential Residual in situ
calibration calibration
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https://cds.cern.ch/record/2792322
https://arxiv.org/abs/2303.17312

I - CMS-DP-2021-033
Jet Callbratlon ATLAS: arXiv:2303.17312 A@S )

Residuals (1)
P Traditional calibration in Run2 both in CMS and ATLAS »’

Residuals (p;), Resolution
y/Z+jet, MJB
dijets
/+jet
» Factorised approach: pileup—simulation—residuals

Absolute MC-based
callbratlon

Reconstructed pr-density-based

pile-up correction

Residual pile-up
correction

jets

P Simulation-based corrections

Residual in situ
calibration

—v vF o~ 'J""‘ '—v-,—wr» (G Annias —J

Global sequential
calibration
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https://cds.cern.ch/record/2792322
https://arxiv.org/abs/2303.17312

Jet identification (“tagging”) &) > A

Tagging
P Type of elementary particle that initiated the jet

m
P9
)
m
P
<
m
=z
-
AN

displaced
| tracks charged

Andrea Malara LHCP 2024




Jet identification (“tagging”) )
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Tagging
P Type of elementary particle that initiated the jet

» Boosted topology -> Collimated decay products reconstructed as multi-prong objects

displaced

. charged
racks [ epton
" heavy-flavour

(e

P A
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Jet identification (“tagging”)

P Type of elementary particle that initiated the jet
P Jet mass

(13 TeV)
:. 0-2 :l Il | 1T 1 | | 1 | 1T 1 | 1T 1 | I 1 I:
< 0.18| CMS — QCD multijet —
- Simulation _ -
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CMS: arXiv:2004.08262v2 Mgp [GeV]
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https://arxiv.org/abs/2004.08262

Jet identification (“tagging”) m

P Type of elementary particle that initiated the jet

P Jet mass — ML with regression
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https://cds.cern.ch/record/2777006
https://arxiv.org/abs/2004.08262
https://arxiv.org/abs/2311.08885

Jet identification (“tagging”)

P Type of elementary particle that initiated the jet

P Jet mass — ML with regression
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Jet identification (“tagging”) T A@\

EXPERIMENT [/
displaced

P Type of elementary particle that initiated the jet
P Jet mass — ML with regression

b vs light, b vs ¢,]g vs light) — R = 0.4
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01
https://cds.cern.ch/record/2839920
https://arxiv.org/abs/2202.03772
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https://arxiv.org/abs/2202.03772
https://cds.cern.ch/record/2878932

Jet identification (“tagging”)

P Type of elementary particle that initiated the jet

P Jet mass — ML with regression

P Jet flavour (b vs light, b vs ¢, g vs light) - R = 0.4

CMS Simulation Preliminary (13 TeV)
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https://cds.cern.ch/record/2866276
https://cds.cern.ch/record/2864131
https://cds.cern.ch/record/2866592

Jet identification (“tagging”) m

Tagging
P Type of elementary particle that initiated the jet

P Jet mass — ML with regression

p Jet flavour (b vs light, b vs c, g vs light) — > R=04
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https://cds.cern.ch/record/2866276
https://cds.cern.ch/record/2864131
https://cds.cern.ch/record/2866592
https://indico.cern.ch/event/1253590/contributions/5833260/

Jet identification (“tagging”) - modelling m

P The more and more complex models/networks are being used
» ... magnifying glass into substructure %‘

» ... need to understand in detaill modelling uncertainty
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2023-003/

Jet mass and substructure -- Calibration )

CMS-DP-2023-044 ATLAS| ~—

EXPERIMENT

P Correlation of mass and energy scale

» Strong correlation observed ( ~ 80/90 % ) — Dedicated corrections

» Corrections vary between 1 — 3 % depending on the correlation scheme
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https://cds.cern.ch/record/2865845

Jet mass and substructure -- Calibration )

CMS-DP-2023-046 ATLAS |~ m

Primary Lund-plane regions
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https://cds.cern.ch/record/2866330?ln=en

Jet mass and substructure -- Calibration )

EXPERIMENT [/
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» Important when comparing performance ==
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» Adversarial training to improve modelling
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https://cds.cern.ch/record/2898464
https://cds.cern.ch/record/2839919

Jet mass and substructure -- Calibration ) b

ATLAS|~—

EXPERIMENT [0 | \\

—

Jet substructure
P> Correlation of mass and energy scale Find out more about new calibration methods

)

' and training frameworks in CMS!
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https://cds.cern.ch/record/2866276
https://cds.cern.ch/record/2898463
https://cds.cern.ch/record/2896100

Run3 and beyond

P Anomaly detection
» Unsupervised training with AutoEncoder
» detecting anomalies per lumi-section (LS)

» Increase efficiency of collected data

CMS Preliminary ~ 0.206 fo-1, 2022 (13.6 TeV)
A L L L L AL A B
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» Unsupervised training with AutoEncoder

P Anomalous detector regions:

» 1D and 2D histograms to detect problematic
phase-space

» Reduce time spent and human error

CMS Preliminary Run 320712 (LossMap) 2018 (13 TeV)
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https://cds.cern.ch/record/2860924?ln=en
https://cds.cern.ch/record/2854697?ln=en

Run3 and beyond

Run 3 data: jet performance
P Successful data-taking in Run3 for CMS and ATLAS

» Good overall object performance
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2022-009/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2022-007

Run3 and beyond 9 %Msm

P Successful data-taking in Run3 for CMS and ATLAS

» Good overall object performance

» CMS: Minor hiccup due to water leak in ECAL region, and several HCAL scale updates
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https://cmsexperiment.web.cern.ch/index.php/news/problems-and-solutions-ecal-leak-story
https://cds.cern.ch/record/2865846

Run3 and beyond () (s
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P Great performance of jets at trigger level I T < S
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» Scouting jets with similar JES/JER as offline jets : i S SPUEPEEPAESS S S
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» New flavour tagging at trigger level (HLT) W T T
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https://cds.cern.ch/record/2857440
https://cds.cern.ch/record/2871592?ln=en
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BJetTriggerPublicResults#Expected_Performance_of_the_ATLA
https://iopscience.iop.org/article/10.1088/1748-0221/18/11/P11006
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/

Summary and Outlook

P Jets are the “bread and butter” that makes everything else possible

P Continuous evolution of techniques
» State-of-the-art ML
» New calibrations methods
» Maximise the potential of ATLAS and CMS detectors to their fullest extent

P First Run3 results available
» Calibration is still ongoing, but good overall performance

» |arge improvement is foreseen from the Run2 experience

Thank you for your attention!
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