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Quantum corrections in QED ✓
-

The scattering processes we computed last week were

analogous to classical processes : for example, Moller scattering

can be related to Coulomb scattering in the appropriate
limit . This week

,
we will look at quantum processes with

no classical analogue
.

At low energies
,
we will derive the

quantum correction to the magnetic moment of the electron
.

At high energies, we will see how quantum field theory

treats photon emission (bremsstrahlung ), and how the coupling
" constant " actually depends on energy scale (next week)

.

Let's start first with low energies .
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-tri )¢ is the Klein - Gordon equation for a charged Scala-¢ copied

to a gauge field .
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te- is unique to spinors : they hate a

magnetic moment! You will see this in more detail in Hw (B Schunk lo- t ) :

for a non - relativistic Hamiltonian It = g In B -I
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Let's realer've g
=L Using Feynman diagrams .
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So we can rewrite the QED vertex as
③
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Here is the next contribution ?

;µ= { p This is on- first example of a loop diagram .
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It follows all the usual Feynman rules,
except there is one undetermined momentum£¥ k
,
over which we integrate f IIT,
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This diagram has two additional QED vertices
,
so it is proportional to a fine,

tu En from the Dirac contribution.

Write down the amplitude , proceeding backwards along fermion lines !
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There are a standard set of tricks fo- evacuating this kind of integral :

a Combine the n denominators into the fo-m '

⇒ n ,
at the espouse of an

integral over auxiliary Fey-aretes .

" Use spherical symmetry to drop terms with odd powers of k.

- Use standard identities for spherical volumes in 4 dimensions
, leaving o- y

an ordinary integral 5 k¥ times some V matrices
.
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We will outline the calculation here
, you'll fill in the details for Hw.
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Normalizing by egm ,
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* to see how we deal with the other pieces of Nm, take QFT!



Note that D depends on ×
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is a Lorentzian dot product, while we would prefer a Euclidean

dot prod-at to do the integral in spherical coordinates
.

One subtlety from QFT : all propagators have an infinitesimal positive

imaginary part . In the K'
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plane, this pushes the poles off the

real axis
.
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Continuing to many orders in a
, this is the most precise comparison

between theory and experiment that humanity has ever made .

However, it works for the electron but not for the muon !

There is a 3-0 discrepancy for gm which is currently being

actively investigated by experimentalists (g-2 at Fermilab ) and

theorists ( lattice QCD contributions? new particles?) - result in weeks! !


