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The world physics community has spent  
> 4B dollars (including 600M from 

American taxpayers) on the 
 “Large Hadron Collider” (LHC)

WHY?



Purpose of LHC

• Find the Higgs boson

• Make discoveries beyond Standard Model of Particle Physics

• Many searches for “new physics” optimised at about 100-1000 fb-1 

at (7+7 TeV) (2015?)
• If we are lucky, new discoveries could be made this year, at 

(3.5+3.5 TeV).

• What is the Standard Model?



•All interactions are local (occur at a space-time 
point)
•Quantum mechanics is correct
• Special relativity (actually 4d Poincare invariance) 
is correct 

these assumptions imply that particle physics is 
completely described by (effective) 
quantum field theory 

Particle Physics sacred principles 



QFT
•Quantum: easier to teach how to DO than how to 

describe the first principles

•Define set of observables and a procedure for 
computing PROBABILITY DISTRIBUTION for 
correlations between observations

•several equivalent procedures (path integrals, 
Heisenberg, Schroginger picture)

•several equivalent(?) interpretations of the 
meaning of these procedures (many worlds, 
Copenhagen, decoherence)



• Field: (like E and M) Localized observable
(e.g. “is there an electron with a certain spin at this 
point in space at this time”, rather than “what is the 
spin of the electron”) 
•Bosonic fields, like E and M, called forces, but 
quantized packets of field energy, like photons, have 
particle properties
•Fermion fields, like the electron field, cannot give 
macroscopic observables, but also have quantized 
packets of field energy with particle properties
•

QFT, cont



Standard Model of Particle Physics

ii: Forces 
mediated by 

Bosonic 
Particles

i: Fermionic
Particles
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Summary of interactions



Why go Beyond the 
Standard Model?



Status of the Standard Model

•Extended to allow for neutrinos to 
have mass

•Gravity is ignored, can only 
approximately be incorporated 
(“Effective theory”)
•accounts well for most observations 
of the known particles



“Alive, but looking good?”



Evidence for BSM is overwhelming

• Triviality of SM
• Gravity,
• Inflation, 
• Baryons, 
• Dark Matter,
• Neutrino Mass,
• Accelerating

Universe ... 
but weird and hard to interpret



“New Physics” from the
Large Hadron Collider?



What the LHC does

• Collides     proton 
beams, Designed for 
7+7=14 TeV

• E=mc2

• Energy converted to 
many massive particles

• Detectors record 
properties. Any new 
kinds?



A New Start

• March 29, 2010:   First Collisions at 7 TeV! (half design 
energy) 16 years after construction approved, 18 months after 
accident aborts first run.
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The hunt for the Higgs Boson

The Standard Model Vacuum is a WEAK 
SUPERCONDUCTOR due to a CONDENSATE of Higgs 

bosons. Couplings  with this condensate  give  W and Z bosons, 
and the quarks and leptons, their mass. Excitations of the 
vacuum are the long sought Higgs. The Higgs mass is an 
unknown parameter but must be less than 1000 GeV/c2.
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The hunt for the 
Higgs:TeVatron bounds
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Plans for 2010-11

• The LHC will run at 3.5+3.5 TeV in 2010 and 2011, until the 
experiments collect an integrated luminosity of ~ 1 fb-1 .                      
(now has 1/1000 of that, enough to rediscover the top quark!). 
TeVatron now has 9 fb-1). 

• Only a short technical stop is foreseen at the end of 2010-beginning 
of 2011. The 2010-2011 run will be followed by a long (~1 year) 
shut-down, to redo all splices to enable the machine to operate at 
design energy (7+7 TeV). A “final” plan can only be made around 
June, following experience with  machine operation and 
performance at 3.5+3.5 TeV. 



LHC numbers

• 27 km circumference
• at 7 TeV, protons accelerated to 99.9999991% speed of light
• each proton travels 11,245 times around ring/second
• collision energy equivalent to temperature over 1 billion times 

core of sun
• 120 tons liquid helium at 1.9 K
• power consumption: 120 MW
• cost: 4 billion $
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Hints (or 
red 

herrings) 
from the 

sky?



measurements 
of positrons + 

electrons



WIMP Annihilation via 
intermediate light boson

X (dark matter)

X (dark matter)

Y

Y

e+

e-

e+

e-

,(μ+)

,(μ-)

,(μ-)

(,μ+)





LHC
results

Experimentalists

Theorists


