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What is a Higgs boson?



Examples of Symmetries
Continuous: Translational, Temporal, Rotational.

Conservation of Momentum, Energy, and 
Angular Momentum.

Discrete: C, P, and T.

Internal: Gauge transformations

Conservation of electric charge, lepton number, 
baryon number, isospin, hypercharge, ...

We can learn things from broken symmetries, too.



Symmetry Breaking

HyperPhysics

in the Standard Model interactions



The Standard Model

Remarkably successful, but 20 free parameters

mγc2 = 0

mgc2 = 0

mZc2 = 92 GeV

mWc2 = 80 GeV

q = 2e/3

q = -e/3

q = 0

q = -e

mass

players



The Higgs Mechanism

In quantum theory, the vacuum contains a sea of virtual 
particle-antiparticle pairs produced out of nothing, 
constrained by the Heisenberg Uncertainty Principle.

The vacuum is filled with a condensate of Higgs particles.  

Quarks, leptons, Ws and Zs interact with the condensate 
as they travel, and get slowed down.  The stronger the 
interactions, the heavier the particles become.

The coupling to the Higgs boson is proportional to mass. 

qualitatively, in four bullets



SM Higgs properties

The theory does not predict the mass of the H0, but it does 
predict its production rate and decay modes for each possible mass. 

Lifetime 1.56 X 10-22 s
natural line width of 0.004 GeV

Boson with spin 0
cannot decay into an odd number of fermions

Zero electrical charge
decay products must have zero net charge



Higgs Production Channels

8 Wikipedia



Higgs Decay Channels



The Large Hadron Collider



LHC Numbers
100 m underground, 27 km in circumference.

Opposing proton beams: 1034 cm-2 s-1 at 4 TeV/p and an 
rms beam spot size of 17 μm.

2800 bunches per beam: each with 1011 protons, 11 cm 
long, and 10 m between them.

Circulating beam current 0.6 A and total energy 200 MJ.

Higgs experiments: 2

ATLAS: A Toroidal LHC ApparatuS 

CMS: Compact Muon Solenoid 



CMS Numbers

> 2500 scientists, including 600 students

14,000 tons, 15 m in diameter and 21.5 m long

109 Hz p+p collisions: 100 Hz triggered as “interesting”, 
and 1 Higgs expected per 1013 collisions.

50,000 data channels provide 1012 bit/s.

Main Physics goals: 4

Higgs, TeV physics, beyond SM, and heavy-ion physics

















H → γ + γ ?



Η → Ζο + Ζο → e+ + e- + μ+ + μ -
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Confidence Levels



What next?

More data!



Summary

All images and data are publicly available thanks to the LHC and CMS.

The Higgs boson is one important manifestation 
of the mechanism by which elementary particles 
acquire mass.  Not finding it would throw the 
entire SM into disarray.

Its large mass requires powerful accelerators to 
make it, and enormous detectors to find it.

A large mass particle has been identified with 
the right qualitative behavior.  Is it the Higgs?


