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Introduction

cMS
Jets

Abundance of quarks and gluons in pp collisions
Jets used in (almost) all SM and BSM analyses
Need for precise reconstruction and calibration

Challenging environment with average pileup of ~ 30 interactions
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Run 3 around the corner, presenting a number of challenges
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Introduction

CMS
Jets
» Abundance of quarks and gluons in pp collisions
> Jets used in (almost) all SM and BSM analyses
> Need for precise reconstruction and calibration
» Challenging environment with average pileup of ~ 30 interactions
» Run 3 around the corner, presenting a number of challenges
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Introduction

o CMS /!

Building Jets
Local reconstruction: » Information from sub-detectors
Tracks, ECAL, HCAL » Fast in order to cope with PU
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Introduction

ol Mo CMS
Building Jets
Local reconstruction: » Information from sub-detectors
Tracks, ECAL, HCAL » Fast in order to cope with PU
Particle flow (PF) » Linking of sub-detectors
» Particle identification
. e » CHS
Pileup mitigation — P
. » Algorithms (AK, CA)
Jet clustering > » Cone radii (0.4, 0.8, 1.5)
Jet calibration > Jet energy scale & resolution

» Jet mass resolution
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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 200 interactions

Reconstructed Jet

Pileup Interesting  Pileup
vertices ertex  vertices
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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 200 interactions

» Tracker information to remove
charged particles associated to PU

> Applicable for || < 2.4

Reconstructed Jet Charged Hadron Subtraction (CHS)

Pileup
vertices

Pileup Pileup
vertices vertices

Pileup
vertices
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Pileup Mitigation Techniques

CMS

JINST 15 (2020) P09018 g5 piastey

3 wfcms e
» Multiple interactions during a bunch crossing ok o
> Additional particles deteriorate measurements
> Major challenge in LHC physics
» Several approaches to cope with up to 200 interactions E 0
Weight
> Tracker information to remove > Per-particle weight
charged particles associated to PU  » Scale 4-momentum before clustering
> Applicable for || < 2.4 » Charged particles similar to CHS

Reconstructed Jet Charged Hadron Subtraction (CHS)

Pileup Pileup
vertices vertices

Pileup
vertices

Pileup  Inter
vertices
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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 2016:
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
only in combination with PU jet ID
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Pileup Mitigation

Pileup Mitigation Techniques — CHS vs. PUPPI

CMS
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Pileup Mitigation

CMS
Pileup Mitigation Techniques — Puppi for Run 3
> Widely used in Run 2 (Puppi v1la) < 05, CMSDP-2021:001 (13 7Tev)
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Jet Reconstruction

. CMS
Jet Reconstruction

JINST 12 (2017) P10003

» Clustering of PF particles S o6l cMs  Antik,R=04 _+ Calo ]
» successfully used since Runl S | smuston <13 PF
» better performance than g [ ]
calorimeter-only-based reconstruction %
i

» Anti-kT as default algorithm

> infrared and collinear safe
> alternative algorithms: HOTVR, XCone
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Jet Reconstruction

CMS
Jet Reconstruction — XCone
> Event signature defines clustering
» Return exactly N jets
> Examples from top-mass measurement
> Large improvement for the jet mass resolution
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Jet Calibration

Jet Calibration

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

X . CMS /!
Jet Calibration
Resolution
Strategy:
Factorized
;‘j:t:t approach
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Jet Calibration

. . CMS
Jet Calibration
Applied to Resolution
i Strategy:
Factorized
Applied to ;I-J:‘e:st approach
simulation
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Jet Calibration

CMS/ |
Jet Calibration |
A'JD‘V‘E(' o Resolution
data Strategy:
Factorized
Applied to dije.ts approaCh
. . Z+jet
simulation
MC truth correction: 2016-2018 (13TeV)
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Jet Calibration

. . CMS !
Jet Calibration A
Resolution
Strategy:
Factorized
dlijgis approach
Z+jet
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Jet Calibration

L s, |
Jet Calibration |
Applied to Resolution
data Strategy:
Factorized
Applied to ;ije.ts approach
simulation et
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Jet Calibration

Residual corrections
Jet energy resolution smearing
Jet Energy Scale Uncertainty

R=0.4 PF+CHS

X mjetl - —* Relative scale
& Pileup ([pE32)
—%- Method/Sample
—&- Jet flavor (QCD)
—%- Time stability

. : cMs/ |
Jet Calibration %
Applied to Resolution
i Strategy:
Factorized
Applied to due.ts approach
. . Z+jet
simulation
MC truth correction: 7 CERN-CMS-DP-2020-01 2018 59.7 fb™* (13 Tev)
T T
r CMS E= Total uncertainty
6| Preliminary = Excl. flavor, time
E Run |

—&- Absolute scale

> Uncertainty ~ 1% for jets with
pt > 100 GeV

> Large contribution from PU 2
corrections

JEC uncertainty (%)
3]
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Uni Hambur 2-5 August 2021, BOOST 2021 10



https://cds.cern.ch/record/2715872

Outlook

CMS

JINST 15 (2020) P0901s (13Tev)
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> But it's not the end of the story CERN-CMS-DP-2020-010 2018597fb (13 Tev)
» Run 2 legacy corrections to improve S o cms B ot uncenainty
E breliminary = et tovonume E
performances (planned <1% JEC unc.) %  Reoaprecrs MO
TS0 iene E
> Increasing granularity of corrections to g o E
tackle detector ageing @ sy
» ML-based approaches will help

More exciting results are yet to come
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—Additional Material—
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Puppi — Weights CMs

JINST 15 (2020) P09018
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Puppi — Jet Resolution vs pr CMs
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Significant gain with PUPPI particularly at low-pt jets
Updated PUPPI tune in place to improve jet resolution at high-pr
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Puppi — Jet Resolution vs PU CMs
JINST 15 (2020) P09018
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Significant gain with PUPPI particularly at low-pt jets
Updated PUPPI tune in place to improve jet resolution at high-pt
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Puppi — Jet Variables CMs

JINST 15 (2020) P09018
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PU jet ID
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PU jet ID — Input Variables CMs
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PU jet ID — ROC CMs
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PU Offset
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Simulated jet response

S © o o o o

Jet Response cMms
CERN-CMS-DP-2020-019
CMS Simulation Preliminary 13 Tev CMS Simulation Prelimina 13 Tev CMS Simulation Preliminary 13 TeV
T T T T T T T T T | % T T T T T T T T | % ?_”_'T T T T T T T |
2016 JES: Anti-k; R=0.4,PF+CHS § & 2017 JES: Anti-k; R=0.4, PF+CHS & 1.2F 2018 JES: Anti-k; R = 0.4, PF + CHS
| o | aQ E |
Barrel Endcap Forward § Barrel Endcap Forward 3 @ 1.1 Barrel Endcap Forward
ECl |ECZ po HF ENY ECL [EC2 18 4 ®8 3
15 | E = T 3
13 o0 E I 3
E ki 0. 885 | 3 k<t 0.9 E
1 £ o : { Eosf, 5]
) * » E E|
0. 0.7F L,
o oL °q E °q
E 0. Cite E 0.6 E
o« p,=15GeV = p =110GeV 3 0 ¢+ p,=15GeV = p =110GeV 3 05; o« p =15GeV = p =110GeV 3
+ p,=30GeV o p =400GeV ] : « p,=30GeV o p =400GeV ] TE « p,=30GeV o p =400GeV ]
o p,=60GeV + p =2000CeV 3 0. o p =60GeV « p =2000GeV - 0.4F o p =60GeV « p =2000GeV 3
TR AT PSR FEUEY RUUT I I ETRY Eoovbnbinben g bbb 103 TR T P FEVEY RUUT I I ETRY
0 1152 25 3 5 0 05 115 2 25 5 0 2 3 .
Jet|n| Jet || Jet n|

2-5 August 2021, BOOST 2021

22


https://cds.cern.ch/record/2715872

Residua

Is —n

CERN-CMS-DP-2020-019

2018 (13TeV)

0<0.30

(RMC/RdaIa)

1.1

0.9

1.2~

Ity

CMS
Preliminary

anti-k; R=0.4
PF+CHS

Pl =120 Gev

L ++ 4
L —+— RunD 4

5
i

(Uni Hambur

0<0.30

(RMCIRdaxa)

CMS

2016-2018 (13TeV)

B e R B o
115 cMs ' antik, R=0.4
[ Preliminary PF+CHS 1
1.1 P =120Gev . ——
r ——
1.05:* 'i’ —— 7:
r -yt "'.1‘; . ]
S & ,
l{ﬁt 15"‘*4+*“‘ . ]
—

[ MPF method ]
0.95- o ,016 —.— -
P —+ 2017 1
0.9~ = 2018 |
Ee v e e b e e e b 14

0

il

2-5 August 2021, BOOST 2021


https://cds.cern.ch/record/2715872

Residuals — pr

CERN-CMS-DP-2020-019

CMS

Zopp 2018 (13 TeV)
+jets osatey) & U
£, "] Sl CMS 1 pme
[ E CMs #RunA g Y0 preliminary + RunC
= 1.15F Preliminary Run B 4 RunD
E 4RunC 1101 403 & MC
115 g<o03 -#RunD <13
E omi<is &MC 105
105 1,000~
E —Oo——o0—+—0— ]
17 ’_._‘0'_0_‘ 2 »—O—O—O—'—O—‘—O—¢_o_‘_,\_‘7 0.95 *
E =s==c===== e
0.95F = 0.90
0.9F 0.85
O.BS? 0.80
E ‘ ol
: — =
= LU= ==t o S S
© e
% _ : o B
=S == == o= X
a 09 50 100 200 500 1000
pf (GeV)

(Uni H

2-5 August 2021, BOOST 2021


https://cds.cern.ch/record/2715872

Residuals — Global fit CMS
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PIX/TRK radiation damage
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PF composition
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ML for Hbb regression — Resolution
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