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“Phys3002: LHC”

Brief History of Particle Physics
~100 years ago ~75 years ago ~40 years ago present 
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Why do we need High Energy
to resolve small scale?

Energy ~ 1/[Wave-length ] 
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“Phys3002: LHC”

Why do we need High Energy
to resolve small scale?

We need accelerators to 
resolve the structure of matter!



Alexander  Belyaev 8

      

“Phys3002: LHC”

Quark-gluon soup
First Galaxies
~ 1 billion yeras

Nucleosynthesis
First 3 minutes

Decoupling
~300k years

Inflation

Brief History of Our Universe 
in connection to the LHC: E=kT
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“Phys3002: LHC”

Quark-gluon soup
First Galaxies
~ 1 billion yeras

Nucleosynthesis
First 3 minutes

Decoupling
~300k years

Inflation

proton-proton collisions 
at the LHC correspond to 
conditions here (<< 1ns)

Heavy-ion collisions at the LHC 
correspond to conditions here (<1 us)

Inflation

Brief History of Our Universe 
in connection to the LHC: E=kT
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Large Hadron Collider

1992 General Meeting on LHC Physics and Detectors, Evian les Bains
1993 Letters of Intent (ATLAS and CMS selected by LHCC)

Technical Proposals Approved
1996 Approval to move to Construction (materials cost of 475 MCHF)

Memorandum of Understanding for Construction Signed
1998  Construction Begins (after approval of Technical Design Reports)
2000 ATLAS and CMS assembly begins above ground. LEP closes
2008 ATLAS & CMS ready for First LHC Beams
2009 First proton-proton collisions
2012 A new heavy boson discovered with mass ~125 × mass of proton
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Protons are accelerated by powerful 
electric fields to very (very) close to the 
speed of light (superconducting r.f. 
cavities)
And are guided around their circular 
orbits by powerful superconducting 
dipole magnets.

The LHC Accelerator

The dipole magnets operate at 8.3 Tesla 
(200’000 x Earth’s magnetic field) & 1.9K (-
271°C) in superfluid helium.
Protons travel in a tube which is under a 
better vacuum, and at a lower temperature, 
than that found in 
inter-planetary  space.

120 tons of superfluid 
helium – a very interesting 
engineering material!
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CMS Concept to Data Taking – took 18 Years!

CMS cut in mid-plane

3000 scientists from 40 countries

Silicon Tracker

Scintillating 

Crystals

Brass plastic 
scintillator

Gas ionization 
chambers
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 A glimpse of the construction of 

LHC experiments 

e.g. the CMS crystal calorimeter



Assembling the Calorimeter

Submodule 

 2x5 crystals

Supermodule

1700 crystalsTotal 36 Supermodules 

Module

400 crystals
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Installation of Barrel ECAL

Jul 2007
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Spectacular Operations (Feb. 2007)
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The Complexity of the Engineering!
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Large Hadron Collider at glance
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Measuring & Identifying Particles
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Measuring & Identifying Particles
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A Z boson decaying into +- pair
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How do we look for the Higgs boson?
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Higgs lifetime (125 GeV): 10–22 s
Will only see decay products

Higgs couples to mass:
Coupling to fermions ~ mf

Coupling to bosons   ~ MV

How do we look for the Higgs boson?
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 Standard Model EW Measurements/Rates 
1 in 10 million pp interactions produces a W  e → n
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SM Higgs Boson Production

Integrated Luminosity
~5 fb-1 at √s=7TeV and ~ 20fb-1 at √s=8TeV 

~2000 trillion pp collisions examined
And potentially produced 

~500k SM Higgs bosons (mH=125 GeV)
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SM Higgs Decay
decay branching fractions 

Optimal decay channel depends on MH

Need detectors that measure and 
identify  as much as possible in the 
event!

Natural Width: GH ~ few MeV
The best instrumental mass resolution 
achievable is ~1GeV

Only two channels have such a 
resolution with decay Branching 
Fractions:

At mH ~125 GeV many decay modes are detectable!

gg is 2 per mille
ZZ  4l is ~10→ -4
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gg Mass Distribution from CMS

H -> gg 
candidate
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4-leptom invariant mass from ATLAS

H -> ZZ* ->2m2e 
candidate
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Combined Higgs boson analysis 
from ATLAS and CMS
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Combined Higgs boson analysis 
from ATLAS and CMS

New physics?! Dozens of papers have been written to 
explain this ...
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Combined Higgs boson analysis 
from ATLAS and CMS

New physics?! Really?!
It is too early to claim anything, errors are still  quite large!

Moriond, CMS talk at QCD 
session, mid of March 2013
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The Status of the Standard Model

Confirmed to better than 
1% precision by 100’s of 
precision measurements

The last missing particle – 
Higgs boson with ~125 GeV 

mass is found


