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https://cds.cern.ch/record/1190487/files/


Standard Model

Wikipedia

Describing three of the four known
fundamental forces.

Classifies all known elementary particles.
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https://en.wikipedia.org/wiki/Standard_Model


LHC

CERN CDS
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https://cds.cern.ch/?ln=en


CMS

CERN CDS
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https://cds.cern.ch/record/2120661


LHC Operations

Amazing LHC performance! Thanks to the LHC Collaboration. pp Run−2 finished on October
24, 2018 at 6:00 a.m. [5]

2010−2012: Run−1 7/8 TeV. Collected by CMS ∼ 27 fb−1

2015−2018: Run−2 13 TeV. Collected by CMS ∼ 150 fb−1

High Luminosity Project
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https://hilumilhc.web.cern.ch/content/hl-lhc-project


Physics results and publications

1159 papers on collider data
published or submitted to a
journal.

Run 2 data analysis continues >
100 analysis.

Run 3 early data analysis foresee
100 analysis in the first couple of
years.

First preliminary results with
Run 3 data presented on
September 4th at TOP2022.

CMS Publications vs Time
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http://cms-results.web.cern.ch/cms-results/public-results/publications-vs-time/


CMS Cross Section measurements

0 1 2 3 4 5

theoσ / expσProduction Cross Section Ratio:   

CMS PreliminaryMay 2022

All results at:
http://cern.ch/go/pNj7

https://arxiv.org/abs/1607.06975
https://arxiv.org/abs/1607.06975qqW  0.18± 0.08 ±0.84 -119.3 fb
https://arxiv.org/abs/1903.04040
https://arxiv.org/abs/1903.04040qqW  0.09± 0.02 ±0.91 -135.9 fb
https://arxiv.org/abs/1305.7389
https://arxiv.org/abs/1305.7389qqZ  0.32± 0.14 ±0.93 -15.0 fb
https://arxiv.org/abs/1410.3153
https://arxiv.org/abs/1410.3153qqZ  0.19± 0.07 ±0.84 -119.7 fb
https://arxiv.org/abs/1712.09814
https://arxiv.org/abs/1712.09814qqZ  0.10± 0.04 ±0.98 -135.9 fb
https://arxiv.org/abs/2112.05259
https://arxiv.org/abs/2112.05259WV  0.18± 0.12 ±0.85 -1138 fb
https://arxiv.org/abs/1604.04464
https://arxiv.org/abs/1604.04464WW→γγ  0.74± 0.00 ±1.74 -119.7 fb
https://arxiv.org/abs/1612.09256
https://arxiv.org/abs/1612.09256γqqW  0.56± 0.67 ±1.77 -119.7 fb
https://cds.cern.ch/record/2809554γqqW  0.15± 0.11 ±0.88 -1138 fb
https://arxiv.org/abs/2205.05711
https://arxiv.org/abs/2205.05711os WW  0.17± 0.15 ±1.12 -1138 fb
https://arxiv.org/abs/1410.6315
https://arxiv.org/abs/1410.6315ss WW  0.18± 0.38 ±0.69 -119.4 fb
https://arxiv.org/abs/1709.05822
https://arxiv.org/abs/1709.05822ss WW  0.08± 0.11 ±1.20 -1137 fb
https://arxiv.org/abs/1702.03025
https://arxiv.org/abs/1702.03025γqqZ  0.48± 0.65 ±1.48 -119.7 fb
https://arxiv.org/abs/2106.11082
https://arxiv.org/abs/2106.11082γqqZ  0.13± 0.12 ±1.20 -1137 fb
https://arxiv.org/abs/2005.01173
https://arxiv.org/abs/2005.01173qqWZ  0.11± 0.31 ±1.46 -1137 fb
https://arxiv.org/abs/2008.07013
https://arxiv.org/abs/2008.07013qqZZ  0.13± 0.38 ±1.19 -1137 fb

7 TeV CMS measurement (stat,stat+sys) 

8 TeV CMS measurement (stat,stat+sys) 

13 TeV CMS measurement (stat,stat+sys) 

CMS EW measurements vs.
Theory

Physical Results Combined
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined


10 years of Higgs

Nature 607 (2022) [4]. Physics briefing.

SM tested over many orders of magnitude
The Higgs couples with the particle mass.
HH production decay σ(HH) < 3 SM.
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https://www.nature.com/articles/s41586-022-04892-x
https://cms.cern/news/higgs-boson-turns-10-results-cms-experiment


Astonishing achivements! Higgs coupling to charm
Coupling with the 2nd generation quarks. Search for H → cc in VH events

Physics briefing CMS-HIG-21-008 [7]

Observation of Z → cc with more than 5σ. Its first observation at a hadron collider!
µ = 1.002± 0.036 (th) ±0.033 (exp) ±0.029 (stat)
Agreement with the Standard Model signal strenght.
World’s most stringent constraint on the coupling Higgs boson to charm quark.
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https://cms.cern/news/increased-confidence-higgs-boson-coupling-charm-quark
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-008/index.html


Hints for new physics with Higgs

CMS-HIG-21-001 [14]. CMS-PAS-HIG-20-016 [10]. Phys. Let. B 793 [9].

Interesting excess with Higgs observed from CMS:

H → ττ ; excess 3.1σ (local), 2.7σ (global) at Mϕ = 90− 100 GeV.[14]

H → WW ; excess 3.8σ (local), 2.6σ (global) at Mϕ = 650 GeV.[10]

H → γγ; excess 2.8σ (local), 1.3σ (global) at Mϕ = 95 GeV.[9]
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016/
https://reader.elsevier.com/reader/sd/pii/S0370269319302904?token=82FD3FABA375D82E8F787ECD5E9DAF586C816E737C937078673C9F2B4D5B3CA726C507E013E11ED377D033E0EFF01E59&originRegion=us-east-1&originCreation=20220919155800


New Physics Searches with Higgs
Search for resonances (X ) decaying to H/Y (bb)H(γγ) First time looking at the
Next-to-minimal Supersymmetric Standard Model (NMSSM) and the Two-real-scalar-singlet
Model TRSM: (X → YH) where MX > MY +MH . -0.5cm

Largest deviation from
background−only hypotesis Local
significance 3.8σ, Global 2.8σ
MY = 9 GeV and MX = 650 GeV.

CMS−HIG−21−011 [8].
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-011/index.html


Jet mass measurement in boosted top

Physics briefing. CMS-PAS-TOP-21-012.

We use XCone, and it allows us to reconstruct a large jet with three subjets inside.

Fully merged top decays contained in R = 1.2 jets with pT > 400 GeV.

Jet mass sensitive to mt

Data are described best by the top quark mass of mt = 172.76± 0.1 GeV
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https://cms.cern/news/jet-cones-top-flavour
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-012/index.html
https://link.springer.com/article/10.1007/JHEP11(2015)072


Multi-dimensional diboson (all-hadronic) search

©Agapitos. CMS-PAS-B2G-20-009[11]. Physics briefing.

Best limits to date

Excesses for W ′ → WZ at ∼ 2.1 and ∼ 2.9 TeV

First result with spin−1 VBF production.

Most stringent limits on spin−1 V ′.
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https://moriond.in2p3.fr/2022/EW/slides/2/1/9_AAgapitos-short.pdf
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-009/index.html
https://cms.cern/news/w-z-and-higgs-bosons-portals-exotic-physics


Paired dijet resonances

Excesses observed

Resonant m(Suu) = 8.6 TeV, 3.9σ(1.6σ)
local (global).

Non resonant m(t̃) = 0.95 TeV,
3.6σ(2.5σ) local (global).

EXO-21-010 [13]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-010/


Vector-like leptons 3rd generation

CMS-PAS-B2G-21-004[12]

4321 (UV−complete) model with the potential to explain existing B−physics
measurements.

New techniques for τ and b: DeepTau[TAU-20-001], DeepJet[arXiv 2008.10519].

Mild excess at 2.9σ(2.8σ) local(global) at 600 GeV.
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https://cds.cern.ch/record/2803736?ln=en
http://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-20-001/
https://arxiv.org/abs/2008.10519


Resonant production of strongly coupled dark matter
First search for resonant production of DM from a strongly coupled hidden sector

Dark quarks production through a Z’ mediator qq̄ → Z ′ → χχ̄.

Boosted Decision Tree (BDT) to improve signal-BKG rejection.

Two signal regions based on transverse ratio RT = Pmiss
T /mT

JHEP 06 (2022) 156

95% exclusion limits extend to 1.5 < Z ′ < 5.1 TeV with DBT
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-020/


Run 3 expectations
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CMS Hardware Updates

CERNGRAPHICS2022007
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https://cds.cern.ch/record/2809003


Developments done for Run3

©Pieri

CMS Results - Isabel Pedraza (BUAP) Brazilian Physical Society Spring Meeting November 21, 2022 20 / 44

https://indico.desy.de/event/28202/contributions/102713/attachments/67577/84172/MarcoPieriCMS_v1.1.pdf


CMS Status
LHC restarted on July 5th,2022. Expected to deliver 240−250 fb−1 for 4-year Run. [15][3]

Over 10 fb−1 delivered at 13.6 TeV

90.2% data taking efficiency. [1]

CMS Luminosity Public Results
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults


Run3 Event at 13.6 TeV: New world record!

Image from CMS News
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https://cms.cern/news/wait-overthe-lhc-run-3-has-started


σtt̄ at
√
s = 13.6 TeV with 1.2± 0.07 fb−1 (1/2)

TOP−22−012.

Wikipedia.

Comparison between simulation and data in the final analysis binning postfit agreement and
uncertainties after performing the fit. The Lepton ID efficiency uncertainties are not included
in the uncertainty band.
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https://conference.ippp.dur.ac.uk/event/925/contributions/5731/
https://en.wikipedia.org/wiki/Top_quark


σtt̄ at
√
s = 13.6 TeV with 1.2± 0.07 fb−1 (2/2)

First measurement of top quark production by CMS at
√
s = 13.6 TeV! σtt̄ = 887+66

−68 pb

TOP−22−012.

Combination of five channels eµ, ee, µµ, e+jets, µ+jets.
Events are selected with one or two charged leptons and additional jets.
A novel early measurement which uses multiple channels to constrain efficiencies in situ.
Agreement with the Standard Model prediction.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-012/index.html


Run 3 opportunities for Physics

Run-2 data analysis is still ongoing (W mass included)

New things with Run-3 data: new triggers, scouting(high rate trigger-objects analysis)
and parking ( opportunistic reco)[2]

1 billion fully-simulated (GEN to RECO) events produced every week.

Machine Learning applications, streamlining the analysis process, heterogeneos computing
(GPUs+CPU in use for HLT for Run3)

Exotic seraches have some gain with 13 → 13.6 GeV.

Development of better methods for taggging, BG estimations, MC.

Special attention to Long Lived Particle searches.
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HL-LHC preparation
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HL−LHC preparation

©Rizzi [2]
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https://agenda.infn.it/event/28874/contributions/171902/


HL−LHC preparation

©Pieri
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Summary

more than 1000 SM measurements and new physics searches available with Run1 and
Run2 data.

Many of them are precision measurements.

Large number of BSM scenarios and signatures explored with LHC Run-2 data.

New challenging models/signatures have been proven for the first time.

Run-2 is a huge dataset and many analyses are still ongoing.

CMS is publishing ∼80 analysis per year

CMS is already taking Run-3 data.

Few 2-3 sigma to be clarified with Run-3.

Preparing for HL-LHC: new detectors to be installed.
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Backup
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LHC Status Report at the 151st LHCC Meeting - OPEN Session[6]
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Nature 607, 60-68 (2022)[4]
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CMS Cross Section measurements

Physical Results Combined
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CMS Cross Section measurements

Physical Results Combined
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Dark Matter

CMS Exotica Summary plots for 13 TeV data
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Long Lived Particles

CMS Exotica Summary plots for 13 TeV data
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Leptoquarks

CMS Exotica Summary plots for 13 TeV data
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Heavy Bosons Searches

CMS Exotica Summary plots for 13 TeV data
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