
  

Electroweak unification and the 
Higgs mechanism

● Outline:
– Introduce Z

– Show electroweak unification

– Problem: W and Z are not massless

– Vacuum is not empty
● W and Z get mass by interactions with vacuum fields
● Higgs particle is manifestation of this effect



  

Analogy with spin

● The double (ν, 0) and (0, e) is similar to the 
spinors (1, 0) and (0, 1)

● The bosons are similar to the spin matrices



  

Z boson gives an additional 
process!



  

Calculation

Mz~90 GeV (~ 90 proton masses)
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The effect (1/2)



  

The effect (2/2)

The more states the Z can decay to the less likely it is to decay to a given state.
If there were more neutrino states the lifetime would be shorter and the qq-bar
would make out a smaller fraction of the total decay options.



  

Important to remember

● The Z boson does not violate flavor!
● The quark mixing “cancels” for Z0, see book

Forbidden!



  

The Z basic diagrams



  

Why electro weak unification?
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Estimate α
W
 from G

F

● G
F
 = 1.166 x 10-5 GeV-2

● Relation:

● So α
W
~ 0.0042, so that α

W
 ~ 0.58*α

● Couplings are very similar
– Points to same origin!



  

Electro weak unification

● The 3 bosons associated with weak 
interactions are W+, W-, and W0 (not Z0)!

The process e → e + Z0 has similar partner:
– The process e → e + gamma

● The neutrino does not have this but the claim 
is that also not photon is the basic boson:
– Rather there is e → e + B and ν → ν + B!



  

Neutrino oscillations
Quark mixing

Gauge boson mixing!



  

The gauge bosons are mixed

● The weak interaction couples to “rotated” 
states:

|γ> = |B> * cos θw + |W0> * sin θw 

|Z0> = - |B> * sin θw + |W0> * cos θw
● The angle θw~30 degrees is called the weak 

mixing angle (or the Weinberg angle)
● We follow Leif's notes here



  



  

Higgs mechanism

● Important ingredient for explaining why the 
gauge bosons can be massless which is 
normally not allowed! 



  

Vacuum does not have to be empty



  



  

The ground state is not necessarily 
empty

● Due to interactions the ground state with large 
vacuum fluctuations can have lower energy 
than the empty state

● Vacuum = ground state (not empty state!)
● Particles can interact with vacuum particles 

and be modified i.e. gain mass
● The vacuum condensate is assumed to be 

neutrino like



  

From Leif's notes

Basic idea:



  

From Leif's notes

Basic idea:

Interactions with vacuum particles N and N-bar:

N (N) is neutrino like and E (E) are electron like.
In particular the couplings are exactly the same.
This guarantees that the photon remains massless.



  

Important Higgs result

● The weak mixing angle can be related to the 
ratio between the masses:

cosθW=
MW

M Z



  

The number of states is constant



  

So what is the Higgs

● The Higgs mechanism (E, E-bar, N, N-bar) 
provides mass to the Z and W
– And it is assumed that in fact all free masses of 

quarks and leptons are generated in a similar way

● The remaining field is the Higgs particle
● It couples to mass (not EM charge, weak 

charge or color)!
– (That is also how/why it gives mass)



  

Higgs production
(remember g

HX
 proportionl to mass)



  

Higgs Xsection at LHC max energy 
as a function of its mass



  

Possible Higgs decays
(depending on mass)

Roughly
Mass
Ordering



  

Heavy Higgs decays



  

Light Higgs decays
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Best Higgs signature: H→2γ
2012 discovery 
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