
 

B Function and Asymptotic Freedom

From the feet that the bare

coupling is µ independent

we can obtain an equation for

the f dependence of the

rewormalized coupling content

We define the B function through
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We will now derive a simple



magic relation between the

B function and the poles

in 2g in the MS scheme

To do so we expand
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with this implies
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Now expand at large E f and compare

coefficients exercise

B 2g t 0

similarly
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The 0h term of the equation yields
7

Bras Ej 7g
2g dZED f Ks
das



magic

Pks 442 dZ relation
olds f

and Pks E Pks 24 E

Note A similar result can be

derived for the µ dependence

of the mess
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Using the one loop result 1 3 for Zg

yields
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More generally one expands
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In QCD Bo e Y 3 6 7

so the coupling decreases as M

increases

It is easy to solve the differential egnetise

using separation of variables At leading

order we here
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Observations

coupling decreases for large µ fro

A logerithicelly slow decreases but

asymptotically one ends up with a free

theory of quarks gluons
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coupling increases as µ 0

In fact as IN diverges when
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strong coupling at low elegies

infrared slavery Perturbation breaks

down at low energies

Note Glu is not directly physical

When computing physical quantities at

Seele Q in perturbation theory one

finds µ independence up to higher orders

but higher order coefficients involve



logarithms brfh If an Q or

y cc Q these logarithms become large which

spoils convergence Need to use the Q

to get reliable predictions In practice

one often varies Qf c f ca to estimate

the size of higher order corrections

We can thus interpret as1h as the

coupling Arength at an energy sealer

For large energies it makes sense to work

with hf G since there are 6 quark

flavors However at low elegies the top

quark should not play a roll We'll

discuss the issue of heavy flavors in the

next chapter
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