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https://indico.cern.ch/event/1397607/

Motivation for Jet Substructure in Multi-Boson Analyses
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Motivation for Jet Substructure in Multi-Boson Analyses
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Jet Algorithms in CMS 4

EPJ C 67, 637-686 (2010)

Sequential clustering algorithms with distance parameter R

1) ket 2 2p ARl.zj
2) Cambridge-Aachen (CA) dij =min(p;", p}) —
3) anti-ky (AK) dig = pt2p’

o 3
“Standard” jet algorithms for CMS * AKorCAR=1.5are
sometimes used. Analysis
° - i . - — ific.
Small-R jets: anti-k; R = 0.4 [AK4] . flil)(e)ﬁl-ls(;andgrd” jots sed
« Large-R jets: anti-k; R = 0.8 [AKS] o e T ete)



https://link.springer.com/article/10.1140/epjc/s10052-010-1314-6
https://cms-results.web.cern.ch/cms-results/public-results/publications/JME-18-002/index.html

Input for Jet Reconstruction 5
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http://dx.doi.org/10.1088/1748-0221/12/10/P10003
https://cms-results.web.cern.ch/cms-results/public-results/publications/PRF-14-001/
http://dx.doi.org/10.1088/1748-0221/12/10/P10003

Pileup Mitigation for Jet Reconstruction

JINST 15 (2020) PO9018
CMS-DP-2021-001

Reconstructed Jet Charged Hadron Subtraction (CHS) Pileup Per Particle Identification (Puppi)
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Figure by Andrea Malara

Constituent-level pileup mitigation
Charged Hadron Subtraction (CHS)
Pileup per Particle Identification (Puppi)



https://cms-results.web.cern.ch/cms-results/public-results/publications/JME-18-001/
https://cds.cern.ch/record/2751563

(Large-R) Jet Grooming 7

JHEP 1405 (2014) 146
JINST 15 (2020) PO6005
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Figure by J. Dolen

1. Recluster with Cambridge-Aachen algorithm.
2. Reverse clustering history.
3. Check criterion:
min(pri, Pra) (ﬂ)'g Zey = 0.1
Pri P12 “\ Ry B=0

4. Pass: two subjets are final.
Fail: remove sub-leading subjet & repeat (1).


https://link.springer.com/article/10.1007/JHEP05(2014)146
https://cms-results.web.cern.ch/cms-results/public-results/publications/JME-18-002/

(Large-R) Jet Grooming 8

Jet grooming (+ Pileup Mitigation) “cleans” up
large-R jets

0 12CMS Simulation Phys. Rev. D 97 (2018) 072006 (13 TeV) 95 ‘ ‘ — CMS-DP-2021-001 (13‘ TeV)
n V. S

= B = - ’
% - ----- q/g jets, PUPPI+soft drop CQD) i CMS i%CHS i
- . i ~, - Simulation .
> 0.1 i a/9 Jets_,lungroomed 5 90t Preliminary ~£ PUPPI vita -
© B k '; ----- W — @', PUPPI+soft drop ] " Bulk graviton ]
£ 0.08 ! | —— W — q@, ungroomed g L Anti-k;, R=0.8 8- PUPPIv15 -
0.06} - C e e e o
: S0 . o T T
0.041 o = 0 vt o 5]
0.023_:‘_“ 75; 70 <mgy < 90 GeV {
;' I""-------...-._ S T T Ry - . 400 <p_ <600 GeV i
o) KRN VRSN W L e e RS 70L 1 1 1 1 1 1 ]

0 20 40 60 80 100 120 140 160 180 200 0O 10 20 30 40 50 60 70

Jet mass (GeV
( ) Number of interactions


https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-17-001/
https://cds.cern.ch/record/2751563

Jet Tagging (Jet Mass & Substructure Observable)

Jet mass
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https://cms-results.web.cern.ch/cms-results/public-results/publications/JME-18-002/

Jet Tagging Efficiency Calibration
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https://cds.cern.ch/record/2718978

Jet Mass Scale Calibration

* CMS Erglir‘nif‘va‘ry‘ ‘ _ 41.5‘&?", legacy 2‘01‘7 (13TeV) @ % CMS I‘Drglir‘nif‘va‘ry‘ — _ 41.5‘@", legacy 2‘01‘7 (13Tev)

v T 80 ... 1 Data — € E ) 1 Dat =

« Adapt efficiency measurement B CE A ey EEEEwess BB WA e ]
w 70; pass-W region postfit tf (mergedQB) 4 w E£  pass region postfit I W+Jets (not merged)

' E N I f (not merged) E 7000 Z+Jets —

analyses to measure the jet mass oF- j% T : e

50 % £ S g?:ih_ stat. unc. 7; E_ N ::\e;:\ stat. unc. E

scale (JMS). ok L E g ;
< 4l

o

* Done with samples enriched with
W—=qq (it & W+jets).

» Fit the JMS in data & simulation.
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https://cds.cern.ch/record/2865845

Recent developments of

jet tagging & substructure




Constituents-based Jet Tagging

Can we improve boson tagging using lower-level jet information
(i.e constituents, secondary vertices) as inputs to Machine

Learning techniques?

ParticleNet (LateSt) arxiv:1902.08570

» “Particle cloud” representation of jets. 8 e
» Graph CNN architecture. &
> Output: Multi classification scores for W /Z/H/ :
top/QCD + decays.
DeepAKS8 anxiv.2004.08262 : I Fgﬁﬁﬂ

—
particles, ordered by pr

» 1D Convolutional Neural Network (CNN) m
» Based on ResNet architecture.ami.1s12.03385 kI e ey

SVs, ordered by Sip2p

Figure by Huilin Qu
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https://arxiv.org/abs/1902.08570
http://arxiv.org/abs/2004.08262
https://arxiv.org/abs/1512.03385

Constituents-based Jet Tagging: Performance

Background efficiency
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DeepAKS significantly better at
tagging jets compared to
substructure variables.
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ParticleNet improves on the
performance of DeepAKS.


https://cds.cern.ch/record/2707946
https://cms-results.web.cern.ch/cms-results/public-results/publications/JME-18-002/index.html

Constituents-based Jet Tagging (Mass-Decorrelated)
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Constituents-based Jet Mass Regression
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https://cds.cern.ch/record/2777006

Constituents-based Jet Mass Regression
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https://cds.cern.ch/record/2777006

Constituents-based Jet Mass Regression

CMS-DP-2021-017

Impact on QCD-jets
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https://cds.cern.ch/record/2777006

Summary

« CMS uses Anti-kt R=0.8 jets to tag boosted hadronically decaying bosons.
» Inputs: Particle Flow + Puppi.
» Grooming: Soft-drop.

« Tag jets with mass & variables quantifying substructure of the jets.

« Recent developments with Machine Learning techniques for substructure.

> Latest tagger: ParticleNet architecture to identify jets from hadronic boson
decays & the mass of the jets.

» Substantial gain in performance with respect to substructure variables &
DeepAKS.




CMS Open Data

« CMS recently released (half of) 2016 @) cvs Experiment cERN
. . é @CMSExperiment
datasets & simulations. _ _

@€ CMS just released a massive amount of real data from 2016 proton-
proton collisions! Over 70 TB of data and 830 TB of simulations are now
accessible for anyone to explore.

° NeW da‘ta form at: NanOAOD Read more about the largest 13 TeV dataset released by any experiment:
- Light-weight.
- Readable with bare ROOT or python gy o

With U p rO O'I: . ‘ thna.rrzz;t /LSt 2755:;] 837399836 / 484

NanoAOD with Particle Flow objects.
Available for subset of datasets [1].

Example provided to produce them by
yourself [2].

https://opendata.cern.ch/docs/cms-releases-2016data-2024

[1] https://opendata.cern.ch/search?g=&f=experiment% 3ACMS&f=file_type%3Ananoaod-pf
[2] https://opendata.cern.ch/record/12504



https://opendata.cern.ch/docs/cms-releases-2016data-2024
https://opendata.cern.ch/search?q=&f=experiment%3ACMS&f=file_type%3Ananoaod-pf
https://opendata.cern.ch/record/12504

CMS Open Data Workshop

5th CMS Open Data Workshop (& Hackathon)

Bridge the technical gap between external
analysts and CMS analysis machinery.

CMS Open Data Workshop & Hackathon
July 29" - Aug 1%, 2024 CERN IdeaSquare

https://indico.cern.ch/event/1387505



https://indico.cern.ch/event/1387505
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ParticleNet performance in simulation
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https://cds.cern.ch/record/2707946

Jet tagging: Mass-decorrelation
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DeepAK8-MassDecorrelated version (DeepAK8-MD)

» Use adversarial training axiv:1s11.01046 Nominal DecpAK
. . . . Feature extractor Classifier

1) Add a mass prediction network to predict jet mass. ... W

2) Accuracy of prediction included in the loss function. E— : S
3) Minimizing joint loss prevent mass correlation while improving \ Moss predicr

classification accuracy. ]

 Signal/background samples reweighted to a flat (pT,

mass) distribution.

Loss
Lmp

Mass
prediction


https://arxiv.org/abs/1611.01046

Motivation for jet substructure in VBS

2 Forward Jets
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Figure from CMS News

>V Jer Pile-up Jet Quark vs Gluon
Suppression Discrimination



https://cms.cern/news/search-rare-production-vector-boson-pairs

Pileup Mitigation

JINST 15 (2020) P0O9018
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Figure by Andrea Malara
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https://cms-results.web.cern.ch/cms-results/public-results/publications/JME-18-001/

Quark-Gluon Jet Tagging
Quark-Gluon Likelihood (QGL)

CMS-PAS-JME-16-003
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