
Chapter 10: 
Origin of Mass



 

After the Big Bang
all the known particles were massless.

They are not massless now. 

Their masses violate SU(2)L charge conservation!

The Origin of Mass



the missing piece



Peter Higgs



Massless Spin 1 Never at Rest



Massive Spin 1 at Rest
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Higgs Energy Cost
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SM Potential Energy



Goldstone’s Theorem

There is a massless mode whenever
the ground state transforms under

a continuous symmetry of the 
Hamiltonian



Goldstone’s Theorem

Consider a ferromagnet:
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Goldstone’s Theorem

Consider a ferromagnet:



Higgs Potential

Goldstone Boson

provides the extra polarization

“Physical” Higgs



Broken Symmetry



Higgs Mechanism
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Superconductor



Phase Transition



Phase Transition
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Massless Fermion
can’t move faster than the fermion:

handedness is invariant
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for massless fermions helicity = chirality
chirality is always Lorentz invariant



Massive Fermion
moving faster than the fermion flips p

also flips handedness
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Massive Fermion
moving faster than the fermion flips p

also flips handedness

right-handed
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but just propagating flips handedness
weak charge is not conserved eL

eR



Higgs Boson

SU(2)L x U(1)Y gauge bosons 

H

H

fL

fR
couples left-handed and 
right-handed fermions



Higgs Field and Mass

mass connects left-handed and 
right-handed electrons

massless gauge bosons have 2 polarizations
but 

massive gauge bosons have 3 polarizations 

2 s + 1 states

s =
1
2

s = 1



Fermions and Bosons

Mass comes from Higgs field
that pervades all space.



Fermions and Bosons

Mass comes from Higgs field
that pervades all space.

Just like the ether...


