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Reading Suggestion ...



The Standard Model 
A particle physicist's view of the world ... 



L = L0 + L0

L0 = LDirac + Lmass + ...

. . . + Lgauge

L0 = LWZA + Lgauge/ 

The Standard Model 
A theorist's view of the world ... 

Free Fields Interaction

Fermions 
[kinetic terms]

Mass Terms 
[from Yukawa couplings]

Gauge Fields 
[kinetic energy]

Gauge Fields 
[triple and quartic couplings]

Interactions 
[Fermion-Boson couplings] + Higgs terms

LSM = LDirac + Lmass + Lgauge + Lgauge/ . (1)
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From the Lagrangian to Cross Sections ...

Lagrangian 
of interaction

from Schrödinger-Equation 

[Dirac picture]

Time Evolution

Cross Section

➥ Feynman rules

[for ⎢i〉 ≠ ⎢f〉 ]

Inelastic
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The SM Lagrangian [massless particles]

kinetic & self-coupling  
of gauge bosons

kinetic energy  
of fermions

interaction between 
fermions & fields

SM Lagrangian without Higgs
where:

But: SU(2)L x U(1)Y symmetry  
forbids „ad hoc“ introduction  
of extra masses terms:

Fermions:
Bosons:

destroy gauge  
invariance !

But: particles do  
have mass



φ1

φ2

V(φ)

v/
√

2

V (φ) = −µ2|φ†φ| + λ|φ†φ|2

Lφ = (∂µφ†)(∂µφ) − V (φ)

Lφ = (Dµφ†)(Dµφ) − V (φ) with Dµ = ∂µ + ieAµ

LYuk = cf (ψ̄LψRφ+ ψ̄RψLφ)

Introduce: 
New doublet of complex scalar fields  
[4 degrees of freedom; ‘mexican hat’ potential]

with µ, λ > 0

Lagrangian of scalar field:

Coupling to bosons via transition to covariant derivative. 
Coupling to fermions via “ad-hoc” introduction of “Yukawa” coupling.

Introduction into SM Lagrangian maintains 
invariance under SU(2)L x U(1)Y  gauge transformation

The Higgs Mechanism



φ1

φ2

V(φ)

v/
√

2

V (φ) = −µ2|φ†φ| + λ|φ†φ|2

Introduce: 
New doublet of complex scalar fields  
[4 degrees of freedom; ‘mexican hat’ potential]

with µ, λ > 0

The Higgs Mechanism

Spontaneous symmetry breaking: 
	 System falls in to minimum of V at φ ≠ 0.      !
	 This results in:     
	 	 • Three massless excitations along valley  ➛ 3 longitudinal d.o.f. for W± and Z         
	 • One  massive  excitation out of valley  ➛  1 d.o.f. for „physical“ Higgs boson         

Higgs field has two components: ϕ = “v + H”. !
	 1. 	omnipresent, constant background condensate v = 246 GeV (from GF = (2v2)-½)     
	 2. 	Higgs boson H with unknown mass MH = μ⋅√2 = (2λ)½⋅v    
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Higgs-fermion 
coupling

Yields Higgs-Boson 
couplings Contains Higgs 

self-couplings
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Mass generation and Higgs couplings



v =247 GeV
x

Fermion

x x

W/Z boson

Mv	 ~ gv	 (Gauge coupling)             
mf 	~ gfv	 (Yukawa coupling)            

 Interaction with „ether“ v=247 GeV:

x

Higgs

v =247 GeV

Fermion

v =247 GeV

Higgs

W/Z boson

 Interaction with Higgs boson H:

Fermions:         gf  ~  mf/v     
W/Z bosons: gV  ~  MV/v = g2⋅v        2

gf

g2

g2

... =

�gv

2

⇥2
⇤

1
q2

⌅2

a

�
1
q2

⇥ �gv

2

⇥4
⇤

1
q2

⌅3

a

⊕ ⊕ ⊕ ...

1
q2 �M2

where M =
gv

2

Mass generation and Higgs couplings

gf


