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Introduction

. cMS
Overview

> Run 2: About 150fb~! at 13 TeV with average pileup of ~ 30 hard
interactions

> Challenge: Achieve the best performance for jet and pfiss
» Run 3: Around the corner, presenting a number of challenges
(Ageing detector, pileup, ...)
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Introduction

CMS

Building Jets & pi's

Local reconstruction: » Information from sub-detectors
Tracks, ECAL, HCAL » Fast to cope with PU

» Linking of sub-detector
Particle flow (PF) ——> » Particle identification

» Pileup mitigation

» Clustering

» Jet types (PF, Calo)

» Algorithms (AK, CA)

» Cone radius (0.4, 0.8, 1.5)

Jet & pff miss reconstruction @ —>

> Jet energy scale & resolution
Jet & pff miss calibration ——— > pT*™® type-l corrections
» Additional cleaning (PU ID)
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Pileup Mitigation

CMS/|

Pileup Mitigation Techniques

> Multiple interactions during a bunch crossing

» Additional particles deteriorate measurements

> Major challenge in LHC physics

> Several approaches to cope with up to 70 interactions

Reconstructed Jet

Pileup g Pileup
vertices vertices
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Pileup Mitigation Techniques

Multiple interactions during a bunch crossing
Additional particles deteriorate measurements

Major challenge in LHC physics

vvyyVvVyy

Several approaches to cope with up to 70 interactions

> Tracker information to remove
charged particles associated to PU

> Applicable for n < 2.4

Reconstructed Jet Charged Hadron Subtraction (CHS)

Pileup Pileup Pileup  Inte g Pileup
vertices vertices vertices vertex vertices
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Pileup Mitigation Techniques

CMS

?rXiv:2003.00503V1n35,hn (13 Tev)
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— Simulation

Multiple interactions during a bunch crossing

Additional particles deteriorate measurements

Major challenge in LHC physics

Data

Simulation

vvyyVvVyy

Several approaches to cope with up to 70 interactions

» Tracker information to remove > Per-particle weight
charged particles associated to PU  » Scale 4-momentum before clustering
> Applicable for n < 2.4 » Charged particles same as in CHS
Reconstructed Jet Charged Hadron Subtraction (CHS) Pileup Per Particle Identification (Puppi)

Pileup
vertices

Pileup

Pileup Pileup g Pileup
vertices vertices v vertices vertices  vei
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Pileup Mitigation

CMS

Pileup Mitigation Techniques — PU jet ID

» BDT-based discriminator to identify low-pt jets coming from PU
> High rejection power and low mistag rate at 95% efficiency

> Large improvement from Phase-1 upgrade of pixel detector after 2017:
extended coverage from |n| <2.5 to 2.7
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Pileup Mitigation

CMS
Pileup Mitigation Techniques — CHS vs. PUPPI
> Good balance between purity and
efficiency for |n| < 2.5
> Improves purity at cost of efficiency
in combination with PU jet ID
Ll RS Tevz sl - 13Tev) 2 09— s Tev)
e 05:—C Annk,R o4|n|<25£ g CMS Antlk R=04, n|<25 -gogi AntlkTR 04 3<|n|<5 1
“5"1 F Simulation Py">30GeV,pf*>20GeV 1 A 1.1- simulation P{">20GeV,p>30GeV | A " [ Simulation Py >20GeV,pl™ >30 GeV
P E! 0.7F
i P Bl B 3 =
0950 o L e E Fr——5 5= 5 1 o06f
0.9F = s T, T osp ==
0.85F o E E —— 1 oaf =
E+cns ——3 08 —+CHs £ I S
0.8F = —_— 0.3+ chHs $
E - CHS + tight PU jet ID 3 0.7 -4 CHS +tight PU jet ID | E4 cHs +tight PUjetiD * 4
0_75;74» CHS + medium PU jet ID 7; —4— CHS + medium PU jet ID 0'2::+CHS+memumPU|etID A
0_7;+ CHS + loose PU jet ID E 0.6-—# CHS + loose PU jet ID 3 0,154 CHs + loose PU et ID |
£ - PUPPI ! 4 PUPPI E4 puppi 3
= \ L L 1 L C \ L |
0-6% 40 60 %% 40 50 % 40 60
Number of pileup interactions Number of pileup interactions Number of pileup interactions

Hamburg) 29 July 2020, ICHEP 2020



Pileup Mitigation

Pileup Mitigation Techniques — CHS vs. PUPPI
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Jet Calibration

Jet Calibration

Applied to Resolution
data
dijets
Applied to ! .
) : Z+jet
simulation
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Jet Calibration

. . CMS
Jet Calibration
Resolution
Strategy:
Factorized
;'j:t:t approach
2016 35.9 fb™* (13 TeV)
S 08T TP ey
8 oy CMsPreiminary Warkers: Data, Histograms: MC
. . A E I EM Deposits E
> Average difference (offset) in pr a  o6- el
between matched jets I osp R eson charged nadrons ]
. . . N C E
» Simulation-based corrections o~ o04b 3
(multijet sample w/ and w/o [T E
. = E 3
PU) applied to data and o E E

simulation
» Residual corrections derived

with Random Cone algorithm
applied to data

Data/MC

> Monitored for each type of PF
candidates

056
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Jet Calibration

. . CMS /!
Jet Calibration =
Applied to Resolution
data Strategy:
Factorized
Applied to ;ije.ts approach
simulation HEE
° CMS simulation Prelimina% 13 Tev
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Jet Calibration

Applied to
data

Applied to
simulation

MC truth correction:

Resolution
dijets
Z+jet

cms,|

Strategy:
Factorized
approach

2016-2018 (13TeV)
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Jet Calibration

. : CMS/ |
Jet Calibration B |
Resolution
Strategy:
Factorized
el approach
Z+jet

2018, 59.7 fb™ (13 TeV)
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> Additional pt dep. corrections
accounting for abs. scale in
barrel

=

» Determined relative to precisely

Post-fit jet response (ratio)
[
o
N

measured reference objects (u, £0-98 .
e.) 0.96:1 ]
» Combined in a global fit r| After global fit 1
(reference objects scales as 0.94f X*/NDF=636/32
nuisance parameters) 40 100 200 1000 2000

n (Ge\
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Jet Calibration

: : cMs, |
Jet Calibration %
Applied to Resolution
i Strategy:
Factorized
Applied to dlisis approach

Z+jet

simulation

MC truth correction:

w Spror T 7

o [ cMS ]

. ) ﬁ 2 5; Preliminary Ezms A
Residual corrections s F %2017 ]
. . C 2018 1

Jet energy resolution smearing 2 =
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resolution in data a3 E

» pr and 7 dependent SFs aim for 051 E
coverage in full phase space E ]

2016-2018 (13 TeV)
it e L L

TSI T R VA VORI BAVRNUE R
0 0 1 2 3 4 5

i. Hamburg) 29 July 2020, ICHEP 2020

=



Jet Calibration

: : CMS/|
Jet Calibration %
APDIMEL(I © ‘ Resolution S
— trategy:
Factorized
Applied to ;ije.ts approach
simulation R

MC truth correction:
2018 59.7 fo™ (13 TeV)

—&- Absolute scale

y f ALl
r CMS = Total uncertainty
. . L Preliminary = Excl. flavor, time
Residual corrections 6 run |
r R=0.4 PF+CHS

Jet energy resolution smearing
Jet Energy Scale Uncertainty

> Well-calibrated jets with
uncertainty ~ 1% for
pr > 100 GeV

» Larger contribution from PU
corrections 1

lnjetl =0 —¥- Relative scale
& Pileup ([E32)
—%- Method/Sample
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—%- Time stability

JEC uncertainty (%)
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PSS Reconstruction

prT“'ss Noise Rejection

> pMiss from invisible particles (v, new physics)

» Estimated from momentum conservation in the
transverse plane

> Mis-calibrated objects (mostly jets) lead to
large inaccurate estimation of pfiss

> Anomalous high-pTss events can arise from
detector effects, beam halo,

> Algorithms to suppress spurious events in data

» Rejection > 85 — 90%, mistag < 0.1%

Full Run 2 studies: CERN-CMS-DP-2020-018

(Uni. Hamburg) 29 July 2020, ICHEP 2020
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PSS Reconstruction

pT'**— Performance

vVvyVvyyvyy

Measured in 3 channels w.r.t. well-calibrated Z/~

No genuine pT'ss expected

Resolution dominated by hadronic recoil

Good data/simulation agreement within 2%

arXiv:1903.06078 35.9 fbo* (13 TeV)
L e S L

Lower response due to uncalibrated components (low-pt jets)
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PSS Reconstruction

piriss— CHS vs. PUPPI

> Puppi improves pT's* resolution

CMs |

> Any wrong weight assignment could lead to fake pTss— larger tails

> aerv 1903 06078 35.9fb* (13 TeV)
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PSS Reconstruction

CMS

pMiss— CHS vs. PUPPI

» Puppi improves p’“'ss resolution

> Any wrong weight assignment could lead to fake pTss— larger tails
> Down-weighting neutral component of PV — slower p™** turn-on
» Puppi performance stable against pileup

arXiv:2003.00503v1 35.9 fb?(13 Tev) arXiv:2003.00503v1 35.9 fb? (13 Tev)
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PSS Reconstruction

miss__ _ 4
pTiss— CHS vs. PUPPI
> Puppi improves pT's* resolution
> Any wrong weight assignment could lead to fake pTss— larger tails
> Down-weighting neutral component of PV — slower p™** turn-on
» Puppi performance stable against pileup
> Impressive resolution improvements for W+jets events
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CMS

Outlook

(13Tev)
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tCMS —A— CHS W boson jets 1

[ Simulation —&— PUPPI W boson jets |

» Run 2 experience fully exploited for

accurate jet/pTss performance

-
N

Jet mass resolution [%]
e
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> Several high-performance methods i o
presented H{:—ﬁ}d}%ﬁ
. . 11; Mf& Bulk graviton
> Ready to cope with high PU expected for Mo Ay R=08 ]

Run3 (Puppi is very promising) ST TELIOOE |
Number of vertices

> But it's not the end of the story qe . SSeiaaTey)
. . . . > CcM —e—Data
> Increasing the dimensionality of the gt Bl wiormirs
corrections to tackle ageing detector 2 2o L 2vteiers
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» ML-based approaches will help

More exciting results are yet to come o =
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PU jet ID

CMS

CMS Simulation Preliminary 2018, 13 TeV. CMS Simulation Preliminary 2018, 13 TeV. . .
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CMS

PU jet ID - ROC
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PU Offset

CMS
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CMS
Jet Response

° CMS simulation Preliminary 13 Tev ° CMS simulation Preliminary 13 Tev ° CMS simulation Preliminary 13 Tev
%] ] [%] ] %] E |
5 2016 JES: Anti-k; R=0.4,PF+CHS § & 2017 JES: Anti-k; R=0.4, PF+CHS ] & 1.2F 2018 JES: Antik; R = 0.4, PF + CHS
Q | Q | Q E |
@ Barrel Endcap Forward 3 g Barrel Endcap Forward @ 1.1F Barrel Endcap Forward 3
B EC1 [EC2 ag HF 18 BB ECl [EC2 & HF E E BB EC1 [EC2| 5, HF 3
2 5 s 4 £ 1 3
B R SR I . 1 B oof ]
oo |3 2 3 2 o9k 3

go el Eo ] §o9F :
g2 o. ERY Z2osf E
7] [ B, E|
0. 0. 1 P orp 4

0. 2 o 4 osef E

o =15GeV = p =110GeV ] o o p,=15GeV = p =110GeV 05C ¢ P,=15GeV . p =110GeV

’ 30GeV o p =400GeV ] : + p,=30GeV a p =400GeV ] TE + p,=30GeV e p =400GeV ]

0.  =60GeV + p_=2000GeV 0. o p,=60GeV .« p =2000GeV 0.4 o p =60GeV . p =2000GeV
TR T PR FEVEY RUUTE I I ETRY I Eovtinbinbin e bbb 103 TR UL P FEVEY RUUTE I I ETRY I

0 05 115 2 25 3 35 4 45 0 05 115 2 25 3 35 4 45 0 05 115 2 25 3 35 4 45

Jet |n| Jet || Jet |n|

(Uni. Han 29 July 2020, ICHEP 2020



Residuals — n
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MET Performance 2018
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