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SU(2) gauge theory

Perturbation theory
&
Renormalization

(1 loop)




Gauge propagator ép_\éLb, ;‘ -4
PZ
SU(2) structure a= 1,2,3
5ab
Helicity structure 5,”, —
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Ghost propagator 8;5 - ——— -
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Gauge AAA 3-vertex
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Gauge AAAA 4-vertex
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Ghost-Gauge CAC 3-vertex pa

SU(2) structure (6 vertices) €abc
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The 1-loop 2-point irreducible functions
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The 1-loop 3-point irreducible functions
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The 1-loop 3-point irreducible functions
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The 1-loop 3-point irreducible functions
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The 1-loop 2-point irreducible functions
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The 1-loop 4-point irreducible functions
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Analysis of UV divergences

The A? quadratic divergents must disappear (the vector field must
stay massless

The helicity structure of the 3 and 4 vertices must be of the same
form than for the vertices (gauge invariance)

The coefficients of the divergences must be related, so that the
counterterms in the renormalized action respect gauge invariance

Convenient regularization ('t Hooft-Weltman): dimensional
regularization

It respects gauge invariance and Poincaré/Euclidean symmetries

J dk 1 1 1 [ dk 1 1 1
_— S — — -
Qn)d (k2) 2 2—d n)d (k2)2 872 4—d

The helicity terms and Lorentz indices must be considered
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AA 2 point function
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AA 2 point function
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AAA 3 point function

%+2;P AL
symmetric internal momenta P — ) *%:
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Ghost loop: one diagram (
—t A

pole at d=4 A

1
12 [ Ew@-Plp+ Syplr-a), + gﬁuc"’“)v}

Same helicity structure as the AAA vertex ! :-)

For the gluon triangle : 27 diagrams into 7 classes _q
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Non trivial result: each class gives a term with the good helicity
structure :-) but with various coefficients.

The final result for the residue at d =4 is

(v @-Plp+ Syp(r-a) SPPCP-V»)V)

For the gluon bubble : 9 diagrams into 4 classes

O O =K O
X =X —\/\
0L HAX X

Only class IV gives a non zero term, with the good helicity structure

( Spv @-Plp+ SvP(r—q )p ¢ gPPCP_r)“J
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It remains to treat the cc 2-point function

-)-/-\-)- 2 diagram in 1 class

Coeff. pole at d=4 —g? p?

And the CAc 3-point function
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