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Introduction

2022 pp @ 13.6 TeV
delivered 42.0 fb–1

recorded 92%
certified 89%

⇒ excellent start of Run-3!

this talk:
electron trigger
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2022 (pp 13.6 TeV)

LHC Delivered: 41.97 fb¡1

CMS Recorded: 38.48 fb¡1
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Electron trigger performance
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Jet energy calibration
Reconstructed 
Jets

Response (pT , η)
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pileup offset

not applied as correction

⇒ much larger for CHS!

response correction

0 1 2 3 4 5
|jetη|

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

S
im

ul
at

ed
 je

t r
es

po
ns

e

Run 3 (13.6 TeV)CMS Simulation Preliminary

 = 15 GeV
T

p  = 300 GeV
T

p
 = 30 GeV

T
p  = 1000 GeV

T
p

 = 90 GeV
T

p  = 3000 GeV
T

p

JES: AK4 PUPPI
Barrel Endcap Forward

BB EC1 EC2 HF

100 1000
 [GeV]

T
p

0.9

0.92

0.94

0.96

0.98

1

1.02

1.04

1.06

Je
t r

es
po

ns
e 

ra
tio

 (13.6 TeV)-1Run 3 prompt, 8 fb

CMS
Preliminary
AK4 PUPPI

| < 1.3η|

Z+jet
Fit unc

Total unc. Run 2

30 300 3000

Z+jets
residual corr.

⇒ mismatch from
HB scale shift

CMS-DP-2022-054 �
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Muon tracking performance: tag & probe

passing

failing

tag muon: tight ID, pT > 27 GeV, trigered
probe muon: good muon track, |η| < 1.6
passing: matched to track with pT > 10 GeV
events with OS T&P muons, 70 < mµµ < 115 GeV,
data until 23 Aug 2022, MC reweighted to match Nvtx
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⇒ excellent efficiency vs pileup

CMS-DP-2022-046 �
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Z counting: setup
Z→ µµ rate measurement in intervals of 20 pb–1 ⇒ luminosity measurement!
in-situ tag-&-probe measurement of efficiencies: HLT, tracking, reconstruction, ID
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Z counting: validation @ 13 TeV
performed with 2017 data
first complete estimate of systematic
uncertainties
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linearity: Z counting vs luminosity
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Luminosity measurement
multiple independent
luminosity detectors
initial calibration with
emittance scans (±6%)
interim results VdM
calibration: ±2.3%

time-stability between luminosity detectors

data until 23 Aug 2022
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Measurements Linear fit

linearity: Z counting vs luminosity

data until 23 Aug 2022

evaluate linearity and
time-stability with
Z counting comparison

⇒ good agreement!

CMS-DP-2022-038 �, CMS-DP-2023-003 �
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t̄t measurement: analysis setup
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combined analysis: dilepton (eµ, ee, µµ) and lepton+jets (e+jets, µ+jets) channels
event categories: lepton number & flavor, Nj, Nb

data from 27 Jul to 03 Aug 2022 ⇒ 1.21 fb–1

arXiv:2303.10680 (submitted to JHEP) �
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t̄t measurement: background corrections
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t̄t measurement: prefit
Lepton ID efficiencies

with T&P from Z+jets
events in bins of pT, |η|
extrapolation uncertainty
cross-check: scale factors
as free fit parameters
⇒ agree within unc. (2%)

Jet energy calibration
cross-check: scale factors
from W mass fit in `+jets

b tagging efficiencies
free fit parameter
constrained from using
Nb = 0, 1, 2 categories
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t̄t measurement: postfit
Source Uncertainty (%)
Lepton ID efficiencies 1.6
Trigger efficiency 0.3
JES 0.7
b tagging efficiency 1.1
Pileup reweighting 0.5
ME scale, tt 0.6
ME scale, backgrounds 0.1
ME/PS matching 0.1
PS scales 0.3
PDF and αS 0.3
Single t background 1.0
Z+jets background 0.3
W+jets background 0.0
Diboson background 0.5
QCD multijet background 0.3
Statistical uncertainty 0.5
Combined uncertainty 2.6
Integrated luminosity 2.3
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result: σt̄t = 882 ± 23 (stat+syst) ± 20 (lumi) pb

arXiv:2303.10680 (submitted to JHEP) �
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Summary
successful start of Run-3
data taking
jet energy calibration
with PUPPI jets
excellent tracking
performance
luminosity measurement:
Z counting and interim
VdM results
first t̄t cross section
measurement at 13.6 TeV

now available at arXiv:2303.10680
(submitted to JHEP) �

2 4 6 8 10 12 14

 (TeV)s

10

210

310

 c
ro

ss
 s

ec
tio

n 
(p

b)
t

In
cl

us
iv

e 
t

CMS
)-1/l+jets 13.6 TeV (L = 1.21 fbμ/ee/eμμ

)-1l+jets 13 TeV (L = 137 fb

)-1 13 TeV (L = 35.9 fbμe

)-1 13 TeV (L = 35.9 fbμ+e/τ

)-1 8 TeV (L = 19.7 fbμe

)-1l+jets 8 TeV (L = 19.6 fb

)-1all-jets 8 TeV (L = 18.4 fb

)-1 7 TeV (L = 5 fbμe
)-1l+jets 7 TeV (L = 2.3 fb

)-1all-jets 7 TeV (L = 3.54 fb

)-1/l+jets 5.02 TeV (L = 27.4-302 pbμe

NNLO+NNLL

PRL 110 (2013) 252004

) = 0.118
Z

(msα = 172.5 GeV, 
t

NNPDF3.0, m

13  (TeV)s

700

800

900

13.6

First CMS results at 13.6 TeV | Joscha Knolle, Moriond EW 2023 13

http://arxiv.org/abs/2303.10680
http://arxiv.org/abs/2303.10680


References
CMS Collaboration, “First measurement of the top quark pair production cross section in
proton-proton collisions at

√
s = 13 TeV”, arXiv:2303.10680 (submitted to JHEP). �

CMS Collaboration, “Luminosity determination using Z boson production at the CMS experiment”,
CMS-PAS-LUM-21-001, CERN 2023. �

CMS Collaboration, “BRIL luminosity performance plots: Cross-detector stability in early Run 3
data”, CMS-DP-2022-038, CERN 2022. �

CMS Collaboration, “CMS tracking performance in early Run-3 data using the tag-and-probe
technique”, CMS-DP-2022-046, CERN 2022. �

CMS Collaboration, “Jet energy scale and resolution measurements using prompt Run 3 data
collected by CMS in the first months of 2022 at 13.6 TeV”, CMS-DP-2022-054, CERN 2022. �

CMS Collaboration, “Luminosity monitoring with Z counting in early 2022 data”, CMS-DP-2023-003,
CERN 2023. �

First CMS results at 13.6 TeV | Joscha Knolle, Moriond EW 2023 14

http://arxiv.org/abs/2303.10680
http://arxiv.org/abs/2303.10680
https://cds.cern.ch/record/2852905
https://cds.cern.ch/record/2852905
https://cds.cern.ch/record/2837104
https://cds.cern.ch/record/2837104
https://cds.cern.ch/record/2839918
https://cds.cern.ch/record/2839918
https://cds.cern.ch/record/2841534
https://cds.cern.ch/record/2841534
https://cds.cern.ch/record/2851655
https://cds.cern.ch/record/2851655


Backup: Luminosity comparison Run 2 vs Run 3
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Backup: Z counting: 2017 results
δNZ

highPU [%] δNZ
lowPU [%] δ

(
NZ

highPU/NZ
lowPU

)
[%]

HLT correlation CHLT ±0.05 ±0.03 ±0.02
Dimuon correlation CID ±0.00 ∓0.01 ±0.01
Inner-outer track correlation cT&P ±0.01 ∓0.01 ±0.01
Inner track resolution ±0.01 ±0.16 ∓0.15
Outer track resolution ±1.35 ±1.36 ∓0.01
L1 muon prefiring ±0.15 ±0.15 0
ECAL prefiring ±0.04 ±0.14 ∓0.10
Signal modeling up −0.63 −0.75 +0.19
Signal modeling down +0.51 +0.71 −0.21
Background modeling up −0.15 −0.31 +0.16
Background modeling down −0.09 −0.05 −0.04
Systematic up +1.45 +1.56 +0.31
Systematic down −1.50 −1.60 −0.28
Statistical ±0.02 ±0.29 ±0.29
Total up +1.45 +1.58 +0.42
Total down −1.51 −1.63 −0.40

δNZ
highPU [%] δNZ

lowPU [%] δ
(

NZ
highPU/NZ

lowPU

)
[%]

HLT correlation CHLT ±0.05 ±0.03 ±0.02
Dimuon correlation CID ±0.00 ∓0.01 ±0.01
Inner-outer track correlation cT&P ±0.01 ∓0.01 ±0.01
Inner track resolution ±0.01 ±0.16 ∓0.15
Outer track resolution ±1.35 ±1.36 ∓0.01
L1 muon prefiring ±0.15 ±0.15 0
ECAL prefiring ±0.04 ±0.14 ∓0.10
Signal modeling up −0.63 −0.75 +0.19
Signal modeling down +0.51 +0.71 −0.21
Background modeling up −0.15 −0.31 +0.16
Background modeling down −0.09 −0.05 −0.04
Systematic up +1.45 +1.56 +0.31
Systematic down −1.50 −1.60 −0.28
Statistical ±0.02 ±0.29 ±0.29
Total up +1.45 +1.58 +0.42
Total down −1.51 −1.63 −0.40

⇒ total integration uncertainty!
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Backup: Luminosity calibration data
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Backup: t̄t measurement: cross section result

σt̄t = 882± 23 (stat+syst) ± 20 (lumi) pb
σC&C

t̄t = 888± 34 (stat+syst) ± 20 (lumi) pb
σSM

t̄t = 921+29
−37 (scale+PDF) pb
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Backup: t̄t measurement: eµ channel
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Backup: t̄t measurement: ee & µµ channel
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Backup: t̄t measurement: e+jets & µ+jets channel
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