


Does the Higgs field/particle exist?  Stay tuned to LHC…

Imagine a cocktail party of political party workers who are uniformly distributed across the floor, all talking to their 

nearest neighbors. The ex-Prime- Minister enters and crosses the room. All of the workers in her neighborhood are 

strongly attracted to her and cluster round her. As she moves she attracts the people she comes close to, while the ones 

she has left return to their even spacing. Because of the knot of people always clustered around her she acquires a 

greater mass than normal, that is, she has more momentum for the same speed of movement across the room. Once 

moving she is harder to stop, and once stopped she is harder to get moving again because the clustering process has to 

be restarted. In three dimensions, and with the complications of relativity, this is the Higgs mechanism. In order to give 

particles mass, a background field is invented which becomes locally distorted whenever a particle moves through it. 

The distortion - the clustering of the field around the particle - generates the particle's mass. The idea comes directly 

from the Physics of Solids. Instead of a field spread throughout all space a solid contains a lattice of positively charged 

crystal atoms. When an electron moves through the lattice the atoms are attracted to it, causing the electron's effective 

mass to be as much as 40 times bigger than the mass of a free electron. The postulated Higgs field in the vacuum is a 

sort of hypothetical lattice which fills our Universe. We need it because otherwise we cannot explain why the Z and W 

particles which carry the Weak Interactions are so heavy while the photon which carries Electromagnetic forces is 

massless. 

http://www.hep.ucl.ac.uk/~djm/higgs/higgs1.gif
http://www.hep.ucl.ac.uk/~djm/higgs/higgs2.gif


Figure 2.7: The decay of a Higgs boson to two Z0 bosons with 

four momentum p , q and the Feynman rule for the vertex. 

One possible Higgs boson decay…

Ulrik Egede



LHC Vital Statistics

The planned start up year of the LHC is 2008. 

Particles used: Protons (in proton- proton collisions) and then somewhat 

later heavy ions (Lead, full stripped 82+) 

Circumference: 26,659 m.

Injector: SPS

Injected beam energy: 450 GeV (protons)

Nominal beam energy in physics: 7 TeV (protons)

Magnetic field at 7 TeV: 8.33 Tesla

Operating temperature: 1.9 K

Number of magnets: ~9300

Number of main dipoles: 1232

Number of quadrupoles: ~858

Number of correcting magnets: ~6208

Number of RF cavities: 8 per beam; Field strength at top energy ≈ 5.5 

MV/m

RF frequency: 400.8 MHz

Revolution frequency: 11.2455 kHz.

Power consumption: ~120 MW 

Gradient of the tunnel: 1.4%

Difference between highest and lowest points: 122 m. 

lhc.cern.web.ch

atlas.ch

“The occasion of two elementary particles colliding (or a single 

particle decaying). In the ATLAS detector there will be about a 

billion collision events per second, a data rate equivalent to 

twenty simultaneous telephone conversations by every person on 

the earth.”

http://lhc-machine-outreach.web.cern.ch/lhc-machine-outreach/faq/lhc-energy-consumption.htm


What are Dark Matter and Dark Energy?

Composite image of the Bullet cluster shows 

distribution of ordinary matter, inferred from X-

ray emissions, in red and total mass, inferred 

from gravitational lensing, in blue.

Rotation curve of a typical spiral 

galaxy: predicted (A) and observed 

(B). Dark matter can explain the 

velocity curve having a 'flat' 

appearance out to a large radius 

Two (of many) possible candidates: 

Weakly Interacting Massive Particles 

(WIMPS).

Massive Compact Halo Objects 

(MaCHO). 

http://en.wikipedia.org/wiki/Bullet_cluster
http://en.wikipedia.org/wiki/Emission_%28electromagnetic_radiation%29
http://en.wikipedia.org/wiki/Gravitational_lens


What are the Neutrino Masses?



Laser Interferometer Gravitational-Wave Observatory (LIGO) 
http://www.ligo.caltech.edu/

LIGO must measure the movements of its mirrors, separated by two 

and a half miles, with phenomenal precision. To achieve its goal, 

LlGO must detect movements as small as one thousandth the 

diameter of a proton, which is the nucleus of a hydrogen atom. 

Achieving this degree of sensitivity requires a remarkable 

combination of technological innovations in vacuum technology, 

precision lasers, and advanced optical and mechanical systems.


