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RENORMALIZATION OF YANG MILLS THEORY

We study the i looprenormalization of the Yang Mills theory with gaye group
SULNo and Ne fermions The Lagrangian is
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The Feynman rules of the theory in d 4 E dimensions are
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is convenient to define
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From the Ward identities of Best the following relationsbetween the
bare and renormalized coupling follow
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which enstablish the equality of the 3 gluon 4 gluon fermion gluon
ghost gluon couplings to all orders

SURE YANG MILLS THEORY

Let us start studying thetheory for Ne 0 We are interested in the
compution of the 1 loop beta function for the gouge coupling
his can be done computing the wave function renormalization È È and Es
and then using the relation above We will work with 5 1

GHOST WAVEFUNCTION RENORMALIZATION
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The divergence is removed with the followingchoice for the counterterm in the
minimal subtraction scheme fi I If Ne



Thus we find the i loop ghostwavefunction renormalization
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GHOSTGLUON INTERACTION VERTEX
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At this point we can identify the counterterm in the Ms scheme
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GLUON WAVEFUNCTION RENORMALIZATION
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Therefore we find the gluon wavefunction renormalization
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Overall we have
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At this point we can compute the beta function

Go µ a ZEI µ a 1 2Ne 2 Ne I Na I 0104

µ a i I Neff I 010

The f function can be computed directly from the residue of the
le pole in the bare coupling expansion We find
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ADDING FERMIONS

Let us now consider the problem with Ne fermions in a given representato
2 of the gouge group The onlydiagram we have to study is the
Contribution to the vacuum polarization which differs from the abelian
cose only for a group factor I r is the Dynkin index of the representation
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Overall we found the following wave function renormalization constants
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At this point we can compute the bare coupling
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COMPARISON WITH QED

The beta function for a Uli gouge theory with Ne fermions with
equal charge is the Ms scheme is used
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At the same time the p function for an suini gouge theory with Ne
fermions is given by
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We notice that in the matter contribution of the p function it appears the
the Dynkin index of the fermion representation which is one in the
abelian case Crucially for Yang Mills theories there is an additional
negative contribution which makes all the f function negative for
asymptotic freedom
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