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Let's compute the p function of QCD
For this we use the following method

Minimalsubtraction
Bare coupling gig has poles as a function of
space time dimensionality d

residues fixed by requiring gr to
be regular as d 4

Suppose go AND for some Dcd e.g
for non abelian gauge theories
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Thus we get
gB d END gCk d I E big kid a

dimess T
coming fromwhere E d 4 divergent loop
amplitudes in D 4



Now differentiate eq.ci by K
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where b g Zg big
write

A d At Ccd 4

left hand side of G1 becomes
cge fog b g c e Lab ig tabucgill

highest power of c is 1 so the same

must be true for the rls of k

Bcgd pCgl t Ng E
no negative powers of c as A is a finite
function at o

equaling terms on lhs and nhs of a gives

Ngl cg



Inserting back into 121 gives
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Comparing with D gives
Mgk Dg b g et b g cg 151

Equating polar terms ins gives the

following recursion relation

Cbn Cg og b'm g Ibig bi Cgpcg
but is determined from bu
and hence from b

Specifying to non abelian gauge
theories

we have Iz and D o thus

Mgk IbCg gbicgl G



Now we apply our result to QCD

QCD is non Abelian gauge theory
with

gauge group
sua

matter content spin particles
known as quarks

U c and quarks with UCilecharge
sets and d s and b quarks
with Uccle charge es

6 flavors
quarks of each flavor come in

3 colors
fundamental representation of sub

Baryons protons neutrons are

color neutral bound states of 3 quark

using anti syn tensor p Eiji uidid

Mesons are color neutral bound states

of quarks and anti quarks
re normalized gauge coupling is given
by gr g IH ftp.hl ffzC IG 108,57



Recall that the term b comes from
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Alternatively we can evaluate x by writing
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where d is allowed to approach 4 at the end
and k is infrared cut off

evaluate 84TFAI not at A

but instead compute
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Analytically continuing d to E we get
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thus we have

go get 9 G IG thkt i

ocg.si A
where
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From CA we get
b g ff C f a Off

and from
Mgk Efb Cgl gbicg

we then have
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For sum theory with hf quarks
C 3 Cz NFL

187 Mgl 94 fue tags
For he C 16 theory is asymptotically free



Now let us solve the equation
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