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Introduction/ Lagrangian

Exercise:
(1) Show  covariant  derivative D

μ
  is  covariant  under 

infinitesimal  gauge transformation.

(2) Show  kinetic term  include  gluon self-couplings 

Errata



  

Renormalization/Feynman  Rule



  

Outline
● Lesson 2

– Renormalization
● Toy  example
● quark  self-energy
● gluon   vacuum - polarization
● gluon  vertex  (3-point)
● MS/MS Scheme

Divergent  terms

GOAL :  derivation  of  β-function 



  

Renormalization/Toy  example

Charge density : λ (C/m) 

Classical  electro-dynamics

Electro static potential :  

Log[x+|x|]
x →±∞

±∞

x

r



  

Renormalization/Toy  example
x

r

space  dimension : 1 → n = 1 -2 ε  

Dimensional  Regularization



  

Renormalization/Toy  example
x
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space  dimension : 1 → n = 1 -2 ε  

Dimensional  Regularization



  

Renormalization/Toy  example
x

r

space  dimension : 1 → n = 1 -2 ε  

Dimensional  Regularization



  

Renormalization/Γ function



  

Renormalization/Toy  example
x

r

space  dimension : 1 → n = 1 - 2ε

Dimensional  Regularization



  

Renormalization/Toy  example
x

r

space  dimension : 1 → n = 1 - 2ε  

1-n

π



  

Renormalization/Toy  example
x

r

1-n

π

Subtract

MS : Minimum  Subtraction



  

Renormalization/Toy  example
x

r

1-n

π

Subtract

π

MS : Minimum  Subtraction  (bar)



  

Renormalization/Toy  example
x

r
potential ⇒ electric  field

Scheme  independent !!

E



  

Renormalization/Toy  example
x

r
potential ⇒ electric  field

Scheme  independent !!

E



  

Renormalization/Feynman  Rule

Lagrangian  (bare)

bare

renormalized

renormalization  constant

(massless  theory)



  

Renormalization/Feynman  Rule



  

Renormalization/Counter terms

quark  self-energy

gluon 
 vacuum- polarization  

quark  gluon  vertex 



  

Renormalization/Counter terms

Tr



  

Renormalization/Counter terms

Tr



  

Renormalization/Counter terms

Tr

Exercise!



  

Renormalization/Counter terms



  

Renormalization/Counter terms

ξ=1-a
0



  

Renormalization/Counter terms

O(α
s

)μ: renormalization  scale



  

Renormalization/Counter terms

O(α
s

)

MS scheme



  

Renormalization/Counter terms

MS scheme



  

Renormalization/Counter terms
gluon 

 vacuum- polarization  

μ ν

μ ν

g
μν

a
0 

= 1

Feynman gauge



  

Renormalization/Counter terms



  

Renormalization/Counter terms

μ ν



  

Renormalization/Counter terms



  

Renormalization/Counter terms



  

Renormalization/Counter terms
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Renormalization/Counter terms
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Renormalization/Counter terms



  

Renormalization/Counter terms

Now  we  are  ready  to  discuss  running  α
s

and  asymptotic  free !



  

Renormalization/Counter terms

Now  we  are  ready  to  discuss  running  α
s

and  asymptotic  free !

Next  Lesson !
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