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Image from CDS CERN server
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https://cds.cern.ch/record/1190487/files/


LHC

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


LHC Operations

Amazing LHC performance! Thaks to the LHC Collaboration pp Run-3 has collected 100 fb−1

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

2022−2025: Run−3 13.6 TeV. Collected by CMS so far ∼ 116 fb−1

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


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


Cosmic Ray Flux

C. Baus, CERN-THESIS-2015-222

LHC approaches the energy
levels of cosmic rays at the
”knee” region, while the Future
Circular Collider (FCC-hh) could
cover the ”ankle” region.

CMS highlights - Isabel Pedraza (BUAP) ISVHECRI July 11, 2024 6 / 29



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

Over 100 fb−1 delivered at 13.6 TeV

More than 97% data taking efficiency. [2]

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


CMS

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


RUNs

CMS Communications
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https://cms.cern/news/waking-cms-detector-part-1


Cosmic Muons

Physics Letters B 692 (2010) 83–104
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Ratio of atmospheric muons

Physics Letters B 692 (2010) 83–104

Flux ratio of positive- to
negative-charge cosmic ray muons, as
a function of the muon momentum
and its vertical component, using
data collected by the CMS
experiment in 2006 and 2008. The
result is in agreement with previous
measurements by underground
experiments. This is the most precise
measurement of the charge ratio in
the momentum region below 0.5
TeV /c . It is also the first physics
measurement using muons with the
complete CMS detector.
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LHC: Multiplicity and Energy Flux at 14TeV

JPS Conf. Proc. 15, 011001 (2017)

Most energy is directed into the
very forward region, crucial for
EAS.
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CMS Forward detectors

Also Penzo, QCD24
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TOTEM

BUL-NA-2009-303
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TOTEM

F.S. Cafagna ICRC2019

Nel is measured by T1 and T2
telescopes, while Ninel by the
RomanPotsdetectors.
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Cross-section measurements from LHC

Eur. Phys. J. C (2019) 79: 103

Compilation of all the previous
pp and p−p total, elastic and
inelastic measurements, together
with a selected set of TOTEM
measurements.
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Cross-section measurements from LHC

Eur. Phys. J. C (2019) 79: 103

The deviation at LHC energies of
the nuclear slope (description of
the angular distribution of
particles) from the low energy
linear extrapolation is clearly
visible.
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Perpectives

JHEP08(2016)170

The deviation at LHC energies of
the nuclear slope (description of
the angular distribution of
particles) from the low energy
linear extrapolation is clearly
visible.
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Physics results and publications

1299 papers on collider data
published or submitted to a
journal.

Run 2 data analysis continues
driven by innovative and
challenging uses of the large
data set.

Run 3 data analysis foresee 100
analysis in the coming years.

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


HL-LHC preparation

CMS highlights - Isabel Pedraza (BUAP) ISVHECRI July 11, 2024 20 / 29



HL−LHC preparation

Approved PPS2 proposal: official subsystem of CMS within the HL-LHC project!

©Rizzi [1]
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https://agenda.infn.it/event/28874/contributions/171902/


HL−LHC preparation

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


Backup
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Nature 607, 60-68 (2022)[4]
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https://www.nature.com/articles/s41586-022-04892-x


Indara Suárez, LHCC 154th Open Sesion
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https://indico.cern.ch/event/1284315/contributions/5396303/attachments/2661246/4610333/CMS_LHCC7Jun23_Suarez.pdf


Summary

LHC results can be use to retune some basic model ingredients and improve their
extrapolations to the highest energies.

UHECR show muon excess (esp. at large axis distance): Could the heavy-Q and pQCD
minijet production the couse of the muon excess?

In any scenario the search for new physics is needed.

Preparing for HL-LHC: new detectors to be installed.
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Some references
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