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ONE LOOP STRUCTURE OF QED

Let us consider the QED Lagrangian
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Let us identify the divergentcontributions to correlation functions
We recall the formula
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The superficial degree of divergence of a generic diagram is
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As a consequence of Lorentz invariance and C symmetry the IPI
correlation functions we need to renormalite are
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Let us compute the 1 loop contribution
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Let us compute the divergentcontribution of the 1 loopdiagram
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At this point we can identify the counterterms in the minimal subtraction
scheme
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VACUUM POLARIZATION
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Let us consider the numerator
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We notice that the linearterms in a do not contribute because the denomata
is an even function Overall we find the di gran to be
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At this point we can identify the counterterm
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We notice that the diagram has a superfinal degree of divergence equal to
Zero in d 4 Therefore if we were to differentiate in the external momento o

n the fermion mass we would find a convergent result This means that
the divergence does not depend on P P or m and we can extract it
computing the vertex function at zero momentum
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Let us consider the numerator
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Let us compute the divergent contribution
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We can identify the counterterm in the minimal subtraction scheme
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Let us collect the results for the counterterms
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The relation between the renormalized and the bare charge is givenby
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At one lap we have
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Now we notice that
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This cancellation comes from the Ward identity and teaches us that
the charge is only re normalized by the vacuum polarization diagram
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Finally we can derive the beta function for the electric charge
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Using BelE e β
we find
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and this the 1 loop β function is
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It is convenient to write it in terms of α II
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