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Introduction

« Jet reconstruction is integral to the CMS physics program.
» Crucial signatures in SM measurements & BSM searches.

* Need optimum reconstruction & precise calibration.

3.0

« Unprecedented number of Pileup in Run-3

datasets. 25|

» Pileup mitigation more important than ever to
maintain jet performance.
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Jet Reconstruction in CMS
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“Standard” jet algorithms with PF candidates as inputs:
« Small-R jets: anti-kt R = 0.4 [AK4]
» Large-R jets: anti-kt R = 0.8 [AK8]

* AK or CA R=1.5 are sometimes used. Analysis

specific.

* “Non-standard” jets also used (e.g Variable-R).

See Gabriele Milella’s poster & Donato
Troiano’s talk.
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Constituent-level Pileup Mitigation with PUPPI




Constituent-level Pileup Mitigation

JINST 15 (2020) P0O9018
DP-2021-001

CMS mitigates pileup at the constituent-level

Charged Hadron Subtraction (CHS) Pileup Per Particle Identification (Puppi)

Reconstructed Jet

Pileup Interesting F'i|l}?*- Pileup Interesting  Pileup Pileup Interesting  Pileup
vertices vertex vertices vertices vertex vertices vertices vertex vertices
Figure by Andrea Malara C H S P U PP'
« Discard charged PF * More refined treatment of
candidates from Pileup charged PF candidates,
Vertices depends on vertex

association.
* Apply weights to neutral PF
candidates four-vector.
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CHS vs PUPPI: Impact on jet energy
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PUPPI: Optimization for hadronic t reconstruction

DP-2024-043
: : (13.6 TeV)
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PUPPI: Optimization for hadronic t reconstruction
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« CHS: retains charged PF candidates
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PUPPI: Optimization for hadronic t reconstruction

DP-2024-043

Impact on real jets from hard-scatter vertex
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Improve efticiency, small reduction in purity
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Jet Energy Scale & Resolution Calibration

for Run-3 Datasets




Jet Energy Scale (JES) & Resolution (JER) Calibration

DP-2024-039

Applied to data

Dl D

Applied to simulation —>

» Factorized approach to jet energy calibration.
 Jet Energy Scale (JES) calibration:
1) MC “truth” corrections: correct to particle-level jet scale.

2) Residual corrections: correct for residual differences between
simulation & data.

« Jet Energy Resolution (JER) calibration:
» Smear jet energy in simulation to match that in data.


https://cds.cern.ch/record/2902862

¢-dependent JES Corrections
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JES & JER SF 13

DP-2024-039

JES residual corrections JER (Data/Simulation) SF
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Significant improvement of the * Run-3 prompt reconstructed

reprocessed 2022 & prompt 2023 data data is better than Run-2 legacy.

compared to prompt 2022 data « Observed pT dependence for

Run-3 dataset.
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Jet pr regression with ParticleNet




Jet p; regression with ParticleNet 15

PartiCIeNet Phys. R D 101, 056019 (2020)
Graph NN with PF constituents & Secondary Vertices as inputs.

DP-2020-002

» First used for boosted resonance tagging with AK8 jets.cuseaserv-zzor
» Extended for AK8 jet mass regression. opor;
» Commissioned for AK4 jet flavor tagging & pr regression.
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Jet pr regression with ParticleNet (Response)

2023 (13.6 TeV)
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* Regressed pr response closer to 1 compared to raw py
for central jets.

» Derive MC-truth corrections, achieve response closure
=1 within 1% (similar level to JEC).
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Jet p; regression with ParticleNet (Resolution)

DP-2024-064
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Clear improvement in JER
across the jet pr range, even for forward jets.
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Unified Particle Transformer (UParT)




(Unified) Particle Transformer

« CMS investigated several Transformer models for flavour tagging:

2202.03772

» ParticleTransformerAK4 =%

. Utilize adversarial training to enhance model robustness

against simulation mismodeling. pesoos

Unified Particle Transformer (UParT)

» Extended class: extending from b & ¢ jet
tagging to include s & hadronic t (one per
final state) tagging.

» Extended regression: simultaneous flavor
aware jet energy & resolution regression

c/udsg-jet misidentification efficiency
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(Unified) Particle Transformer
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First attempt at
strange-jet tagging in
CMS!
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Progress of CMS flavour-tagging algorithms
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Impressive advancement of jet tagging within ~decade.
Powered by state-of-the-art Machine Learning technigues!


https://cds.cern.ch/record/2904702

Summary

» Updated PUPPI algorithm to maintain hadronic t reconstruction
efficiency.

» Towards unified jet & t reconstruction.

* Measured JES & JER for Run-3 datasets.
» JER SF as good (even better) than Run-2 legacy in Run-3 prompt data.

» Extended ParticleNet architecture to include jet pr regression
» Substantial JER improvement.

« Commissioned Unified Particle Transformer tagger for AK4 jets.

» Extended flavour-tagging capabilities & perform pr regresssion at the same
time!
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PUPPI

DP-2021-001

PUPPI calculates an «; value for each particle in the event

2
Prj
a; = log Z —_—
Jj#i,AR,<R, AR;;
for [n,| < 2.5, j are charged particles from LV and for |#,| > 2.5, j are all kinds of

reconstructed particles. The median (@p;) and RMS (aﬁf}’s) are calculated

from the charged PU a distribution. Based on that each neutral particle
receives a signed )(2
(a; — apy) | o; — apy |

(afs)”
The weight for each neutral particle is calculated with a cumulative
distribution function and multiplied to the four-momentum of the particle:

w;=F, 7-NDF=1(signed y?)

signed y? =

Recover tracks used
in nearby vertice fits
e and vertex splitting

3. used in PU vertex fit

/ beam line

z-axis

@ Leading vertex (LV)
Pileup vertex

L\

1. used in LV fit

Q Keep e

2. not used in
"— any vertex fit
Decide based

on dz and pr
(for [n] > 2.4)

CHS keeps LV (®) and unassociated (&) particles, PUPPI keeps LV (®) but assigns a weight
to unassociated particles (©).
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T reconstruction efficiency (PUPPI v17 vs v18)
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Jet pr Response in Simulation (Raw vs Regressed)
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