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CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes
Overall diameter : 15.0m
Overalllength ~ :28.7m
Magnetic field ~ :3.8T

SILICON TRACKERS
Pixel (100x150 ym) ~1m?* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

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

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

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

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbBWO, crystals

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



BEAM PIPE

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

CALORIMETER

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

PIXEL TRACKER

All-new innermost barrel pixel layer,
in addition to maintenance and repair
work and other upgrades.

BRIL
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

SOLENOID MAGNET
New powering system to
prevent full power cycles
in the event of powering
problems, saving valuable
time for physics during
collisions and extending
the magnet lifetime.

to be maintained in HL-LHC
conditions.

GAS ELECTRON
MULTIPLIER (GEM)
%, DETECTORS
§ An entire new station of detectors
installed in the endcap-muon
system to provide precise muon 3
tracking despite higher particle
rates of HL-LHC.
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Physics Highlights
(from Run-2)



Direct measurement with 5D fit constraining jet

uncertainty from W peak

o my=171.77& 0.38 Ge

Measurement from tt+jet cross section
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-008
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-012/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008
https://cms.cern/news/jet-cones-top-flavour
https://cms.cern/news/jet-cones-top-flavour
https://cms.cern/news/cms-collaboration-measures-mass-top-quark-unparalleled-accuracy
https://cms.cern/news/cms-collaboration-measures-mass-top-quark-unparalleled-accuracy
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A portrait of the Higgs boson by the CMS experiment

tenyears after the discovery

The CMS Collaboration
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e Combination of multiple results fitting for coupling modifiers

e  Combination of HH results for the three most sensitive channels (4b, 2b21, 2b2y)
o Reaching ~3x SM sensitivity, expect SM sensitivity with HL-LHC

e  See our Nature paper for more details and Chiara’s talk tomorrow
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https://cms.cern/news/higgs-boson-turns-10-results-cms-experiment
https://cms.cern/news/higgs-boson-turns-10-results-cms-experiment
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Coupling to charm is extremely challenging to be measured at SM value cMs  Omeres

e CMS developed new charm tagging techniques for resolved and boosted jets swpenanay v " % |

e current analyses (VH and boosted-ggH) sensitive to NP that would increase the | —_ ot())se:/:?j ﬁgsz_)cc
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-012/
https://cms.cern/news/increased-confidence-higgs-boson-coupling-charm-quark
https://cms.cern/news/increased-confidence-higgs-boson-coupling-charm-quark
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e Stay tuned for more Run-2 and Run-3 analyses
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https://www.sciencedirect.com/science/article/pii/S0370269319302904?via%3Dihub
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-001/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016/
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One or both protons can survive intact after an LHC interaction

Deviation from LHC orbit allows to measurement momentum loss

Knowing proton momentum allows to close the event kinematics

Paper on calibration of the PPS (timing and alignment) recently published by
CMS and TOTEM collaborations

Physics calibration comparing di-lepton events independent reconstruction via
PPS and in the central CMS detector
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https://cms.cern/news/protons-do-not-break-lhc
https://cms.cern/news/protons-do-not-break-lhc
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/PRO-21-001/
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-009
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-007
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-014/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-007
https://cms.cern/news/using-light-make-cousins-electron
https://cms.cern/news/using-light-make-cousins-electron
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-21-009/index.html
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LHC can also be used as a gauge bosons collider to study
Vector Boson Scattering/Fusion processes
o CMS reports observation of W+gamma EW production

Pure electroweak processes

Charateristic signature of 2 jets with large m, and rapidity gap
Access to anomalous tri/quadrilinear couplings

Other EWK
processes

QCD production of
Wry+2jets

Expected. limit

Observed. limit
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https://cms.cern/news/lhc-w-photon-collider
https://cms.cern/news/lhc-w-photon-collider
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-011/
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-005/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-013/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-013/
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Resonances of b/t quarks with
vector bosons
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-009/
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https://cms.cern/news/new-study-rare-b-meson-decays-two-muons
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003

BPH-21-004

CMs 133 fb (13 TeV,
R

—_
(=]

T
} Data
— Total fit
iy Jhy Jhy signal

Events / 50 MeV

sl b b B L b s v bie i

Events / 50 MeV

oy

[}
@

Q
=
w

133 fb” (13 TeV|
T T

—_

133 b (13 TeV)
T T

Pure prompt production:

p—ﬁ

t Data
— Total fit
Sy iy Jhy signal

{ Data
— Total fit
Sy iy

Events / 50 MeV

MO o N W A O N 0 ©

3.1

O a4 N W H N 0O O

SPS: 3

lssssagea.

Jiy signal 3

O a N W N 0O O
T

26 28

32
M2 [GeV]

3

26

32
M3 [GeV]

Nonprompt contributions:

7 (p2)

q (p2)
SMP-21-013

CMS

138 fb' (13 TeV.
[JNonprompt []Charge misid.
Wy vy
[ Rare Bl DPS W*'W*

4 Data
mwz
mzz

3 Total unc.

e T Tyl

i+

—DPS W'W* = Total background unc.

Data/bkg.
- n

o - r
JREJINC§ SR IR

40 50

Bin number

CMS Supplementary

T
=
!
=
3]

CMs J/w+J/w+J/w (13 TeV)
arXiv2111.0
ATLAS J/y+J/y (8 TeV
Eur. Phys. ch77(2£ )
DO J/ +J/§/ g .96 Te V)
Phys 90 (2014) 111101
DO J/\K+Y (1.96 TeV)
Phys. Rev. Lett. 116 1zu1s| 082002
CDF y+3jets (1.8 TeV)
Phys. Rev. Lett. 79 (1997) 584
DO y+3jets (1.96 TeV)
Phys. Rev. D 89 (2014) 072006
DO y+b/c+2jets (1.96 TeV)
Phys. Rev. D 89 (2014) 072006
DO 2y+2jets (1.96 TeV)
Phys. Rev. D 93 (2016) 052008
ATLAS W 2jets (7 TeV)
New J. P. 15 (3013) 033038
CMS W-+2jets ngeV)
JHEP 03 (2014) 0:
CMS WW (13 TeV, 77.4 fb')
Eur. Phys. J. C 80 (2020) 41

CMs WWHS TeV, 138.0 o)

CMS-PAS-SMP-21-013 _‘__.'
s o W WY

T

—o——1
—e—

— 0 5

10

15 20 25 30 35
G, (Mb)


https://cms.cern/news/two-collisions-price-one
https://cms.cern/news/two-collisions-price-one
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-21-004/index.html
https://cms.cern/news/trio-jps-particles-one-go
https://cms.cern/news/trio-jps-particles-one-go
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-013/index.html
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https://cds.cern.ch/record/2813999?ln=en
https://cds.cern.ch/record/2814111?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-010/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-018/
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Future prospects
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(secret revealed) we are working on a W mass analysis: W-like Z mass at end of Run-1, W-helicity paper in Run-2,
Run-2 data analysis is not over (not just W mass!)
Exciting new things with Run-3 data: new triggers deployed, scouting (high rate trigger-objects analysis) and parking (opportunistic reco)
Pushing the limits of scientific computing: > 1 billion fully-simulated (GEN to RECO) events produced every week, ubiquitous Machine
Learning applications, streamlining the analysis process, heterogeneous computing (GPU in use at HLT for Run-3)

Detector hits ~ —» Clusters, tracks —» Blocks: — Candidates

Clustering, H :
tracking :

Baseline particle flow
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ign Report

L1-Trigger HLT/DAQ
https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2759072
* Tracks in L1-Trigger at 40 MHz

* PFlow selection 750 kHz L1 output
¢ HLT output 7.5 kHz

* 40 MHz data scouting

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

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

Tracker https://cds.cern.ch/record/2272264
¢ Si-Strip and Pixels increased granularity
* Design for tracking in L1-Trigger
¢ Extended coverage ton = 3.8

Barrel Calorimeters
https://cds.cern.ch/record/2283187
* ECAL crystal granularity readout at 40 MHz
with precise timing for e/y at 30 GeV
* ECAL and HCAL new Back-End boards

uon systems

https://cds.cern.ch/record/2283189
¢ DT & CSC new FE/BE readout
* RPC back-end electronics
New GEM/RPC1.6<n<2.4 =
Extended coverage ton =3 g2y

rade of the
von

TECHNICAL DESIGN REPORT

Beam Radiation Instr. and Luminosity
http://cds.cern.ch/record/2759074

¢ Bunch-by-bunch luminosity measurement:
1% offline, 2% online

MIP Timing Detector
https://cds.cern.ch/record/2667167

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

25


https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2759072
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2283187
http://cds.cern.ch/record/2759074
https://cds.cern.ch/record/2667167
https://cds.cern.ch/record/2283189
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CMS is ready to take Run-3 data

Run-2 is a fantastic dataset many analyses still
ongoing, CMS keep publishing ~80 analysis per year
“If at the end of Run-2 you will see no 3 sigma
deviations, you will never discover anything new, until
at least HL-LHC” (anonymous)

O  =>multiple 2-3 sigma tensions, it will be fun understanding what
they are (Bad background models? Statistical fluctuations? New
physics?)

Direct access to models explaining b-anomalies
Ten years after discovery, Higgs physics still very
interesting (including some of the tensions)
Preparing for HL-LHC: a lot of new detectors to

finalize, prototype, build and test

s 3 s 8 s 8B OB B BB



https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsCombined/CMSCrossSectionSummaryBarChart.pdf

