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LHC Run 3

An opportunity to expand the LHC physics program: Run 3 interesting on its
own right because of the small increase in energy and large data simples.
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LHC Run 3

* Luminosity increase 1s one of the main challenges

* x2 increase in instantaneous luminosity from the original
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 Strongest requirements for trigger, electronics, radiation

hardness and reconstruction algorithms.
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Efficiency w.r.t. offline tracks

Ratio

CMS performance

* Require excellent understanding of the detector performance and high-performant object ID to carry out high-

precision measurements.

* Alot of effort is put into improving understanding of detector and development of reconstruction/identification

algorithms.
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WW production (@ LHC

CMS Preliminary
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Precision ~ 6-15%

« WW cross section at 13.6 TeV from MATRIX at NNLO in QCD and NLO in EW (gg - WW @ LO

scaled to NLO )
e 127.5 £ 3.7 pb ( ~ 6% increase on cross section wrt 13 TeV)

* The gg 2 H - WW is considered as background ( ~10% smaller than other process )

* Crucial to check the gauge structure of the Standard Model at the new energy.
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Main rejection of:

Event selection )

u: Medium ID/ tight Isolation
: Non-prompt
e: MVA tight ID
. background
AR( jet) > 0.4 | (jet—take lepton)
my > 80
Run3 2022 data ~35 fb! at 13.6 TeV u Z—tautau
and Higgs

The fully-leptonic (pe/ep) final state.

2 leptons with Pr>25/20 GeV, and |n| <
2.4 (2.5) for u(e)

Apply top-veto based on jet b-tagging tW and ttbar
Analysis performed inclusive and (Deeplet algorithm loose WP)

.. . production
exclusive in number of jets 0/1/2 /= 3
- pl" > 30 GeV and ||/t < 2.5
Ml,mm,al selection optimized to enhance Reject events with a third lepton passing
ratio signal / background. looser identification requirements W2/ 77
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Background overview

* Define orthogonal control regions for the main backgrounds

* Normalization from the simultaneously fit to the SR and CRs.

tt and tW Z -1t Non-prompt wz ZZ
To obtain normalization Normalization from an  Normalization and shape Normalization froma  Normalization from a
determined from two inverted m;; < 85 and estimated from same-sign CR requiring 3 leptons CR requiring 4
data control samples p’Tl < 30 selection. dilepton control region with m3; > 100 and leptons with m4; >
with one/two btags. enriched in misidentified pIiss > 30 150
_ g z leptons 1
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Cross section measurement

* Inclusive and fiducial cross sections.

* Binned maximum likehood fit in N to:

* the WW signal region.

* two top CR (1-btag and 2 b-tags), one non-

prompt CR, one Z - tt CR.

* Including two top CRs in simultaneous fit with
signal leads to better control of b-tagging and jet

energy scale uncertainty.

* WZ — 3l and ZZ — 4l regions added to the

fit as one single bin each.
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Fiducial region at gen level after
parton showering and hadronization

Observable

Requirement

Lepton origin
Lepton definition
Leading lepton pr
Trailing lepton py
17| of leptons
Dilepton mass

Jet pr
17| of jets
Jet-lepton removal

Direct decay of a W boson
Dressed-leptons (e )
pimax > 25 GeV
pLmin > 20 GeV
n| < 2.5
Myy > 85 GeV

ph > 30GeV
] <25
AR(j, ¢) > 0.4




Source of uncertainties

* Total uncertainty ~ 4.4%

Uncertainty source Au
Integrated luminosity 0.014 * Reduction on the luminosity
Lepton experimental 0.019 ;ncehrtamty ~l4%n .
. * Further constraint on jet and b-tag
]]Det experlmental 0.008 Incertainties.
tagging 0.012 * Limited sample size: dominated b
p y
Limited sample size 0.017 estimation.
Background normalization 0.018
Theory 0.011 * Result dominated by the systematic
Statistical 0.018 experimental uncertainties ~3.6%
Total O. 0dd * Some of them should decrease with

a larger data set
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Re SllltS Public results in CMS-PAS-SMP-24-001

* Inclusive WW production cross section

{aﬁ%}usi”e = 125.7 + 2.3 (stat.) + 5.1 (syst.) + 1.8 (lum.) = 125.7 + 5.9 pr

* In very good agreement with the MATRIX cross section 127.5 pb at NNLO in QCD and
NLO in EW (gg - WW @ LO scaled to NLO)

Simultaneous fit of the inclusive fiducial and normalized cross sections.

Observable Expected Observed

Cross section (fb) 812 + 34(31,15) 813 + 35(32,15)

0-jet fraction 0.648 £ 0.015(0.012,0.009) 0.640 +0.016(0.013,0.009) ~2.5%
1-jet fraction 0.256 4+ 0.013(0.008,0.010)  0.243 £ 0.013(0.009,0.010)  ~5%

> 2-jet fraction  0.096 +0.011(0.008,0.008) 0.119 £ 0.011(0.008,0.008)  ~ 9o - Dominated by

the statistics
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https://cds.cern.ch/record/2892658
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Summary

CMS is working at excellent performance.
Probing the SM at a new energy of 13.6
TeV with high precision.

* Good agreement with predictions in a

wide energy range.

Next steps target the improve in precision

* Include all Run 3 data for legacy results
Study further distributions and WW

properties, such the final Ws polarization,
or possible combination of Run2+Run3.
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CMS ready for Run3

BEAM PIPE

Replaced with an entirely new one
compatible with the future tracker
upgrade for HL-LHC, improving the
vacuum and reducing activation.

PIXEL TRACKER
All-new innermost barrel pixel layer,

in addition to maintenance and repair
work and other upgrades.

New generation of detectors
for monitoring LHC beam
conditions and luminosity.

CATHODE STRIP
CHAMBERS (CSC)

Read-out electronics upgraded
on all the 180 CSC muon
chambers allowing performance
to be maintained in HL-LHC
conditions.

HADRON
CALORIMETER

New on-detector electronics
installed to reduce noise
and improve energy
measurement in the
calorimeter.

SOLENOID MAGNET
New powering system to
prevent full power cycles
in the event of powering

9 problems, saving valuable
& time for physics during
collisions and extending
the magnet lifetime.

GAS ELECTRON
MULTIPLIER (GEM)
#. DETECTORS

An entire new station of detectors
S installed in the endcap-muon
system to provide precise muon
tracking despite higher particle
rates of HL-LHC.

During the LS2 (2018-2022)
* New HCAL barrel readout (reduce
noise +improve energy resolution)
* New barrel pixel (layer 1)

* First GEM chambers installed and
upgrade of CSC electronics for

luminosity increase.

e GGPU at the HLT and transitioned
to a hybrid CPU+GPU in trigger

software.
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Background overview

Quantity One/twob-tagsCRs Z — 17 CR  Same-sign CR
Number of tight leptons Strictly 2

Additional loose leptons 0

Lepton charges Opposite Same
phmax > 25GeV

phmin > 20 GeV

My > 85GeV < 85GeV > 85GeV
Pt — <30GeV —
Number of b-tagged jets 1/2 0 0

Ny 0/1/2/ >3

Variable WZ CR 27 CR
Number of tight leptons Strictly 3 Strictly 4
Additional loose leptons 0

Lepton py > 25/10/20GeV > 25/20/10/10 GeV
Mgy — my| < 15GeV < 15GeV (both pairs)
May > 100 GeV -

Myy - > 150 GeV

pipiss > 30 GeV -

Number of b-tagged jets 0 v




