CMS: a personal
journey

Dave Barney, CERN! July 2023



We smash things together and see what happen:

Okay, ready? One, Twn,)
three, THROW! ——
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Before the particle accelerator
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' Overall detector design is so simple _
| you can do it with students on a blackbo

The challenge is to decid®w to build it, withwhat technologies andwith whom!
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CMS Letter of Intent: 1992
and Technical Proposal: 1994

Summary of CMS/ATLAS/LHCb/ALICE
asbuilt detectors & performance: 2009

concepts: 1991992
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The Large Hadron Collid
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More to come!
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Technical & Engineering Design Reparts Technical Proposal and
for CMS subsystems: 192006 Technical Design Reports

for UPGRADES to CMS subsystems:-2045




Technical Proposal: 1994
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When | joined the CMS experime
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.Hl CMB TECHNICAL DESIGN REPORT FOR THE MUON ENDCAP GEM UPGRADE

THE PHASE-2 UPGRADE OF THE ENDCAP CALORIMETER CERN-LHCC-2017-023
N 3 T ISBN. 978.92.9083-459.5

The CERN Large Hadron Collider: Accelerator and Experimer

The CERN Large Hadron Collider: Accelerator and [

The Computing Project

Physics TDR Vol Il. Physics Performance CERN/LHCC 2006-021

Physics TDR Vol |. Detector Performance and Software  CERN/LHCC 2006-001

CERN/LHCC 97-32

nnical Design Report CERN/LHCC 97-31

CMS  The Hadron Calorimeter Project Tec!
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CMS Collaboration

Inc. about 700 students
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CMS

CMS: a truly global

https://icms.cern.ch/statistics/overview

3347 1109 279

Physicists Engineers Technicians
(1209 students)

The CMS collaboration has around 6269 active people (physicists, engineers, technical, administrative, students, etc.)

2138 1209 1109 1407

Phd Physicists Physics Doctoral Students Engineers Undergraduates
(394 women 1744 men) (318 women 891 men) (151 women 958 men) (401 women 1006 men)


https://icms.cern.ch/statistics/overview

CMS in a nutshell

Took 2500
scientists and
engineersmore
than20 yearsto
design and build

Is aboutl5
metreswide and
21.5metreslong

Welighstwice as
much_as the
Eiffel Tower 1
about 14000t

Divided into5
main detecting
layers ‘
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< A slice through the CMS Detector
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Electrons in CMS
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Charged hadrons in CMS
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Neutral hadrons in CMS
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Photons in CMS
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The Detector and Detectives b e Pattern Recognition
acker

™S techi advanced detector New particles discovered in CMS will be typically unstable and

Isalarge nologically h d = \ Finely segmented silicon sensors rapidly transform into a cascade of lighter, more stable and better
comprising  many layers' esign to (strips and pixels) enable charged understood particles. Particles travelling through CMS leave behind
perform a specific task. Together these layers particles to be tracked and their characteristic patterns, or ‘signatures’, in the different layers, allowing
allow CMS scientists to identify and precisely momenta to be measured. They also them to be identified. The presence (or not) of any new particles can
measure the energies and momenta of all reveal the positions at which long- then be inferred.

lived unstable particles decay.

particles produced in collisions at CERN's
Large Hadron Collider (LHC).

.

Superconducting
Solenoid Iron return yoke inters;

’ Electromagnetic Calorimeter.
.
Nearly 80000 crystals of lead

tungstate (PbWO,) are used to o 3 A A uon ctiwnbers
measure precisely the energies of 12 o & i e i il
electrons and photons. A ‘preshower’ 4 Key:
detector, based on silicon sensors, ~ Muon Electron Charged hadron (e.g. pion)
helps particle identification in the Neutral hadron (e.g. neutron) Photon
endcaps. K

Trigger System

To have a good chance of producing a rare particle, such as a Higgs
boson, the particle bunches in the LHC collide up to 40 million timesa
second. Particle signatures are analysed by fast electronics to save (or
‘trigger on’) only those events (around 100 per second) most likely to
show new physics, such as the Higgs particle decaying to four muons

Hadron Calorimeter....ccceee.s in the figure below. This reduces the data ratetoa manageable level.

Layers of dense material (brass or st These events are stored for subsequent led y
interleaved with plastic scintillators or
quartz fibres allow the determination Muon

of the energy of hadrons, that is,
particles such as protons, neutrons,

pions and kaons. : -« i E

Muon Detectors e

To identify muons (essentially
heavy electrons) and measure their
momenta, CMS uses three types

.
, . 5
of detector: drift tubes, cathode o . b § Y Simulated 250 GeV Higgs
strip chambers and resistive plate ' - H ¥ - decaying to 4 muons Data Analysis
chambers. . o LI ‘ ¢ 3 :
= 'i» perc Physicists from around the world
-\ 1T ' R tsoncucting Sosnok] 4 & use cutting-edge computing
.. 7 '.‘ Passing 20000 amperes through E techniques (such as the Grid) to

a 13m long, 6m diameter coil of
niobium-titanium  superconductor,
cooledto-270°C, producesamagnetic
field of 4 teslas (about 100 000 times
stronger than that of the Earth). This
field bends the trajectories of charged
particles, allowing their separation
and momenta measurements.

sift through millions of events
from CMS to produce plots like
the one on the left (a simulation)
that could indicate the presence
of new particles or phenomena.




D Tracker

Finely segmented silicon sensors
(strips and pixels) enable charged
particles to be tracked and their
momenta to be measured. They also

reveal the positions at which long-
lived unstable particles decay.
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} Electromagnetic Calorimeter.

Nearly 80000 crystals of lead
tungstate (PbWO,) are used to
measure precisely the energies of
electrons and photons. A ‘preshower’
detector, based on silicon sensors,

endcaps.

helps particle identification in the

,'f: " \?



Hadron Calorimeter.cccecesces; "

Layers of dense material (brassorsteel)
interleaved with plastic scintillators or
quartz fibres allow the determination
of the energy of hadrons, that is,
particles such as protons, neutrons,

pions and kaons. - |
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Muon Detectors .,

To ider;tify ~ muons (essentially
heavy electrons) and measure their
momenta, CMS uses three types
of detector: drift tubes, cathode
strip chambers and resistive plate
chambers.

And now a # type- GEMs
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Passing 20000 amperes through B

Superconductlng Solenoid

"..-;.- S

a 13m long, 6 m diameter coil of
niobium-titanium  superconductor,
cooledto-270°C, producesamagnetic

field of 4 teslas (about 100 000 times

stronger than that of the Earth). This
field bends the trajectories of charged
particles, allowing their separation
and momenta measurements.




-Higgs boson decay to 4 muons_

Muon

Muon



HA 4mViewed along the bean_
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> The origin of the CMS logo
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CMS /! .
Concept: build on the surface and lower un_




