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Overview

© LHC Operations

© CMS performance

© Atmospheric muons

@ Forward detectors

© Cross-section measurements
© Final comments
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https://cds.cern.ch/record/1190487/files/
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LHC Operations

Amazing LHC performance! Thaks to the LHC Collaboration pp Run-3 has collected 100 fb~!
@ 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™?
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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!

CMS Experiment at the LHC, CERN
Data recorded: 2022-Jul-05 14:48:56.743936 GMT
Run/ Event/ LS: 355100 / 51596902 / 53

Image from CMS News
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https://cms.cern/news/wait-overthe-lhc-run-3-has-started
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LHC approaches the energy
levels of cosmic rays at the
"knee" region, while the Future
Circular Collider (FCC-hh) could
cover the "ankle” region.
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CMS Status

LHC restarted on July 5th,2022. Expected to deliver 240—250 fb~! for 4-year Run. [5][3]
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CMS Luminosity Public Results
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= 2010,7 TeV, 45.0 pb™"
=— 2011,7 TeV, 6.1 fb™'
— 2012,8TeV, 233 o™
— 2015, 13 TeV, 4.3 10"
2016, 13 TeV, 416"
= 2017,13 TeV, 498 fb!
=— 2018, 13 TeV, 67.9 fbo
— 2022, 136 TeV, 41.5fo™"
—— 2023,13.6 TeV,31.910""
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@ Over 100 fb~! delivered at 13.6 TeV
@ More than 97% data taking efficiency. [2]
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
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https://cds.cern.ch/record/2120661

RUNs

THE CMS DETECTOR JOURNEY

TO PHYSICS

TRIGGER
COMMISSIONING

CMS Communications
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https://cms.cern/news/waking-cms-detector-part-1
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Ratio of atmospheric muons
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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
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CMS Forward detectors

IPS

/

Quartz Cherenkov Calorimeters

(HF, CASTOR, ZDC)
HF (3.0<In1<5.2)
CASTOR (-5.0 2 2 -6.65)
ZDC (Inl 2 8.0)
Forward
Region
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PPS-TOTEM
(Roman Pots)

Also Penzo, QCD24

CMS highlights - Isabel Pedraza (BUAP)

ISVHECRI

A e
0 0% ‘i’ |
Mo ML o [ Mom . MB
[ oy ] 13 l_ t
!; | |
b =L
n gl _ﬁ&m“ ilzs
T Iy T
LB 4 riAl BIM LIE. |_
[m] = =



TOTEM
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TOTEM

TOTEM (TOTal cross section, Elastic scattering
and diffraction dissociation Measurement at the

LHC)

* oyorPP Using a luminosity independent method (optical theorem)
simultaneously measuring:

167 (dNy/df)i—o
Cror = 3N .
1+ p? (Net + Niner)
e N, down to -t ~103 GeV? )
b inel with losses < 3% U,: 16 doa =05 Oinel = Otot — Ol |

o T+pr dr

Elastic pp scattering in the range 103 < |t] ~ (p0)2 < 10 GeV2

Soft diffraction (SD and DPE)
Particle flow in the forward region (cosmic ray MC validation/tuning)

e To access to the smaller t-value region, the colliding beams must

have a beam divergence of not more than a few u-rad. This can be
obtained by either increasing the beta function value, g*, or by

reducing the beam emittance, ¢ (beam divergence = /¢/5)

F.S. Cafagna ICRC2019
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N, is measured by T1 and T2
telescopes, while N;,e; by the
RomanPotsdetectors.
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Cross-section measurements from LHC
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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
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Perpectives
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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

Showall Total Exofica Standard Model ~ Supersymmetry Higgs Top  Heavy lons

Band Quarkonia  Forward and Soft QCD  Beyond 2 Generations ~ Detector Performance

1299 collider data papers submitted as of 2024-07-08

@ 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
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HL—LHC preparation

L1-Trigger HLT/DAQ

https://cds.cern.ch/record/2714892 Barrel Calorimeters
https://eds.cern.ch/record/2759072 H
« Tracks in L1-Trigger at 40 MHz

* PFlow selection 750 kHz L1 output
+ HLT output 7.5 kHz.

* 40 MHz data scouting

Calorimeter Endcap
i https://cds.cern.ch/record/2293646

* 3D showers and precise timing
* Si, Scint+SiPM in Pb/W-S§

Tracker : g e

+ Si-Strip and Pixels increased granularity MIP Timing Detector

+ Design for tracking in L1-Trigger https://eds.cern.ch/record /2667167
+ Extended coverageton =3.8

Precision timing with:
= Barrel layer: Crystals + SiPMs
* Endcap layer: Low Gain Avalanche Diodes

Approved PPS2 proposal: official subsystem of CMS within the

©Rizzi [1]
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« ECAL crystal granularity readout at 40 MHz
with precise timing for e/y at 30 GeV
* ECAL and HCAL new Back-End boards

* DT & CSC new FE/BE readout

. * RPC back-end electronics
 New GEM/RPC1.6<n<2.4

"L+ Extended coverage ton =3

R

Beam Radiation Instr. and Luminosity

http:/ feds.cern.ch/record/2759074
* Bunch-by-bunch luminosity measurement:

1% offline, 2% online

HL-LHC project!

July 11, 2024
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https://agenda.infn.it/event/28874/contributions/171902/

HL—LHC preparation

* The 2019 Yellow report gives a comprehensive review of the physics at the HL-LHC: - o
— https://cds.cern.ch/record/2703572?In=en

* More studies starting to appear the context of the Snowmass activities
* First CMS public results here: ol

* VBS measurement of WfW* and WZ
at HL-LHC uses leptonic decay modes

iiiﬂl

=
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— Extrapolated from full Run 2 WiWE 109 73
. WiWg 319 374
analysis WEWS 572 553
- Co;ltn:utloins Dif P Uncertainty for inclusive Expected significance
WL WL B WL WT and WT WT are measurements for the detection of W W
measured in the WHW:CM [ 5 = Ty
. . Z Tems = lems
reference frame or in the initial- 2 | Phoses projection B | Phasoz Prjecton
5 Wb ncasiv messiramari ]
state parton-parton one BT R E e 4
= [ o -
CMS-PAS-FTR-21-001 R Ry - ]
= —
i 5 : :

: o [T 0
Luminosity [fb] Lurninesity [fb7]

©pieri

CMS highlights - Isabel Pedraza (BUAP) ISVHECRI July 11, 2024 22/29


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

Total weight
Overall diameter
Overall length
Magnetic field

CRYSTAL

ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PBWO, crystals

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels

STEEL RETURN YOKE
2 14,000 tonnes 12,500 tonnes SILICON TRACKERS
115.0m Pixel (100x150 ym?) ~1 m* ~66M channels
1287 m Microstrips (80-180 ym) ~200 m* ~9.6M channels
:38T

SUPERCONDUCTING SOLENOID
‘Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
‘Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16 m* ~137,000 channels

FORWARD CALORIMETER
* Steel + Quartz fibres ~2,000 Channels

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

PPS2

Proposal to re-install existing PPS XRPs for HL-LHC at 196m, 220m, and 234m locations

Continuation and extension of successful Run 2/3 physics program: both larger integrated
luminosity, and exploring uncharted range of masses

Detailed scope document and ECR prepared, following Expression of Interest published in 2021

Significant progress in defining exact locations, services, § g3
machine interfaces, costs, etc. in the past year

Designs for the relatively small “new” pieces (vacuum
vessels, detector packages) prepared

To minimise costs:

Reuse Roman Pots and their services
from Runs 1-3,

in each location 2 units
with a few metres lever arm
(3 track angles)

Indara Sudrez, 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.

o 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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