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The Higgs Particle & The Future

THE COMPACT MUONSOLENOID 
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THE QUESTIONS    - SO FAR ONE ANSWER

Å The Standard Model only works with a Higgs field ïdoes it exists??  YES

ÅGeneration of mass é

ÅDark Matter ?Super Symmetry?, é

Å Extra dimensions: gravitons, black holes, Zô

Å SM is logically incomplete (barely stable ïfine tuning)

Å Does not include gravity

Å Superstrings, etc

Å So, hereós the GOAL: Č

Å Expect answers around and below the energy of ãs ~ 1-10 TeV

Experimentally check for

new particles / new symmetries / new forces?  

(better some of the questions)
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33

3

Want to climb in there?   Join us during long shut down 3!



OK, WHAT DO WE NEED?
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Detectors to watch the collisions and measure the newly produced particles and their properties, e.g. CMS
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Several thousand billion protons 

travelling at 99.9999991% of the 

speed of light travel round the 

27km ring, 100m underground, 

over 11000 times a second!



CMS - DESIGN CRITERIA

Very good muon identification and momentum measurement

Trigger efficiently and measure TeV muons dp/p < 10%

High energy resolution electromagnetic calorimetry

~ 0.5% @ ET ~ 50 GeV

Powerful inner tracking systems

Momentum resolution a factor 10 better than at LEP

Hermetic calorimetry

Good missing ET resolution

(Affordable detector)
Transparency from 

the early 90ôs

Personally I miss the necessary request of a high B-fieldé
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EXPERIMENTAL CHALLENGE

High Interaction Rate

pp interaction rate   1 billion interactions/s

Data can be recorded for only ~102 out of 40 million crossings/sec

Level-1 trigger decision takes ~2-3 ms

a electronics need to store data locally (pipelining)

Large Particle Multiplicity

~ <20> superposed events in each crossing

~ 1000 tracks stream into the detector every 25 ns

need highly granular detectors with good time resolution for low occupancy

a large number of channels (~ 100 M ch)

High Radiation Levels

a radiation hard (tolerant) detectors and electronics

LHC Detectors (especially ATLAS, CMS) are radically 

ifferent from the ones from the previous generations
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Today up to 6x103Hz

Today PU up to 60 

Future PU=200

Was 50ns in RUN I
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Today ~200M ch



CMS = QUITE A CAMERA

ÅCMS is like a camera with ~200 Million channels

ÅBut itôs obviously no ordinary camera

ÅIt can take up to 40 million pictures per second

ÅThe pictures are 3 dimensional

ÅAnd at 14 million kilograms, itôs not very portable

ÅIt also stores only the good pictures (1000 per second)
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OK, HOW DOES IT WORK?
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AND REAL LIFE IN CMS

Detectors interleaved with the magnet 

yoke steel layers
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AND A PP INTERACTION

http://www18.i2u2.org/elab/cms/event-display/15

http://www18.i2u2.org/elab/cms/event-display/


CONSTRUCTIONOF CMS
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CMS SITE AT POINT 5 (CESSY) IN 2000

Hm, thatós when I started with CMS!
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2002

ASSEMBLY OF IRON YOKE 2003
10
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Coil:230 tons
Outer vacuum tank:13 m long SS tube, f=7.6 m
Supra-conductivity 

Central magnetic induction4 T

Nominal current 20 kA

Stored energy 2.7 GJ

Magnetic Radial Pressure64 Atmospheres!



SWIVELING OF THE COIL

Coil: 230 tons
Outer vacuum tank:
13 m long SS tube, f=7.6 m

Sept 05

20



SWIVELING OF THE COIL II
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CMS SURFACE HALL IN FEB 2006
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SURFACE HALL: BARREL MUONS
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