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 Flavour  Conserving

 .

 Same interaction for both lepton helicities

 NC  Universality:

 Different coupling  to        and

 Left-handed neutrinos only

 3 Families  with light (nearly massless) neutrinos
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 Left-handed leptons (Right-handed antileptons) , ll ν− , ll ν+
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 and  in Weak Interactions

 still  a good  symmetry



The Standard Model                                         A. Pich  - ESHEP 2010 

 Left-handed leptons (Right-handed antileptons)

 Doublet partners:

, ll ν− , ll ν+
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Three Families

, ZγNeutral currents Flavour  Conserving

Universality (Family – Independent  Couplings)

W ±Charged Currents
Left–handed  Fermions  only

Flavour  Changing: , ul dl q qν ⇔ ⇔
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Free  Lagrangian  for  Massless  Fermions: 0 j j
j

i µ
µψ γ ψ= ∂∑

Leptons

1 2 3( ) ( ) ( )x x xψ ψ ψ
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( () )l
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 
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L YSU(2) U(1)⊗

Quarks
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i σ α≡U
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Gauge   Principle: ( ) , ( )x xα α β β= =
 
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±
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†
CC 5 5(1 ) (1 ) h.c.

2 2 u d lqg q lWµ
µµγ γ ν γ γ − − + − + =

CHARGED   CURRENTS

Quark   /   Lepton   Universality

Left – Handed   Interaction

( )
†

1
3

2
3

21 ;
2

W
2

2
2

W W
W W i W

W W
µ µ

µ µ µ µ µ
µ µ

σ  
 ≡ ⋅ =
 


≡ +
− 

W




Dj j
j

i µ
µψ γ ψ∑ 1 1 j j j

j
Bg g yµ
µ

µ
µψ γ ψ ψ γ ψ− − ′ ∑W
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NEUTRAL  
CURRENTS

Massless Fields Arbitrary Combination
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Sterile    Neutrinos
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IF do  exist: ( ) 0R vy v Q= = RvNo InteractionsRν
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GAUGE

SELF-INTERACTIONS
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Gauge  Symmetry 0mγ =
0W ZM M= =

Good

Bad!

Moreover ( )
f f L R R Lm fm f f m f f f f≡ − = − +

Also  Forbidden  by  Gauge  Symmetry 0fm f= ∀

All  Particles  Massless

80.40 GeV
91.19 GeV

W

Z

M
M

=
=
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