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Higgs Field

 In the Standard Model. EW Symmetry breaking is accomplished by a single 

scalar field. This is the minimal requirement to obtain spontaneous symmetry 

breaking. 

 It is possible to accomplish EW symmetry breaking using scalar sectors that

contain more scalars, for example, the 2 higgs doublet model.

 In the SM, the scalar fields is a singlet of color, a doublet of 𝑆𝑈(2)𝐿, and it has 

hypercharge +1/2



Higgs Potential



Higgs Potential



How to derive the mass matrix

 Rewrite the field as Φ =
𝐺+

𝑣+ℎ+𝑖𝐺0

2

 Rewrite the potential 𝑉 = −𝜇2ΦΦ† + 𝜆(ΦΦ†)2 in terms of 𝐺+, 𝐺−, ℎ, 𝐺0 fields

 Take the second derivatives

𝜕2𝑉

𝜕𝑎𝜕𝑏†
, 𝑎, 𝑏 = of 𝐺+, 𝐺−, ℎ, 𝐺0

 Get the value of the matrix when the vev of the fields 𝐺+, 𝐺−, ℎ, 𝐺0 is zero



Activity Break
Find the mass matrix and check that it contains the right number of zero 
eigenvalues (what does Goldstone Theorem tell us?) and the right value of 
the higgs mass



Kinetic Higgs term and EW Symmetry 

Breaking
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Gauge fixing and Propagators for W,Z 

and Goldstone bosons



Goldstone Equivalence Theorem

 Goldstone Theorem:

 For a spontaneously broken Global symmetry, number of broken generators = 
number of goldstone bosons.

 For a spontaneously broken Gauge (local) symmetry, number of broken generators 
= number of gauge bosons that acquire mass

 The number of degrees of freedom is conserved: 

 Initial state has 𝑛 real scalars and m massless vectors (that have 2𝑚 degrees of 
freedom), 𝑛 + 2𝑚 degrees of freedom

 Final state has 𝑛 − 𝑚 real scalars and m massive vectors (that have 3𝑚 degrees of 
freedom), 𝑛 − 𝑚 + 3𝑚 = 𝑛 + 2𝑚 degrees of freedom



Goldstone Equivalence Theorem



Top quark decay

 Verify the Goldstone Equivalence theorem for the decay of a very heavy top 

quark

 Feynman rules to use:

 Top-bottom-W interaction 𝑖
𝑔

2
𝛾𝜇𝑃𝐿

 Top-bottom-𝐺− interaction 𝑖
𝑔

2

𝑚𝑡

𝑚𝑊
𝑃𝑅

 Compare the squared matrix elements and verify they match at first order in
𝑚𝑡

𝑚𝑊



Gauge Anomalies in the SM

 Forconvenience, we can take all 

fermions to be right handed, by 

replacing the particles with the 

relativeantiparticles for any left 

handed fermion representation. 

This will flip all 𝑈(1) charges:



Gauge Anomalies in the SM

Gravitational anomaly: 𝑇𝑟 𝑌 = −2 −
1
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