
Chapter 6 - Radiative Corrections

There are two kinds of radiative 
corrections.

Virtual corrections:
Feynman diagrams have loops.

Real corrections:
Feynman diagrams have additional final 
state particles, i.e, photons.

We will see that these two kinds of 
corrections cannot be separated.
At first sight this seems very surprising. 
But on further thought, it’s not so 
surprising.

Example. The lowest order corrections to 
electron scattering.
Tree diagram (LO of perturbation theory)

Virtual corrections (NLO → loops)

Real radiation

We’ll see that the real and virtual effects must be 
combined. 
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Divergences
There are two kinds of divergences 
(actually three[☨] but we’ll only consider 
two)
UV divergences
The integral over an internal loop 
momentum qμ may be divergent (i.e., 
infinite) due to the contribution from large 
qμ. For example,

“Miraculously”, the UV divergences cancel 
out after . 

[☨ the third kind are collinear 
divergences]

IR divergences
(i) The integral over an internal loop 
momentum qμ may be divergent (i.e., 
infinite) due to the contribution from small 
qμ. For example,

(ii) Also, the integral over final states in a 
real radiative process, e.g., 
Bremsstrahlung, may be divergent due to 
the contribution from small qμ.

“Miraculously”, the IR divergences cancel 
out after 
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SECTION 6.1. Bremsstrahlung of soft 
photons.

What is a soft photon?
A soft photon is a low-energy photon. now, 
how low is low? that depends on the 
process. a photon that is emitted in a 
scattering process with characteristic 
momentum/energy scale Q is considered 
to be a soft photon if ω << Q.

CLASSICAL CALCULATION
For details, see P.&Sch.

The electron trajectory is

Use classical electrodynamics to calculate the 
vector potential
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And use the vector potential to calculate the 
radiation fields (E and B). 
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Result of the classical calculation

Of course there are no photons in classical electromagnetism.
We need a QCD calculation to find the number of photons.
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Q.E.D.  CALCULATION
For single photon emission, 
there are two Feynman 
diagrams in lowest order.

Now we’ll make lots of 
approximations, which are 
valid for soft photons; i.e. the 
asymptotic behavior as ω → 0 .
(Not strictly 0! But small 
compared to the momentum 
transfer that occurs in the 
scattering process.)
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An infrared divergence



Result of the quantum calculation

Does this agree with the semiclassical 
result (SC) derived earlier?

The two results are sort of similar 
mathematically; but they are actually very 
different physically.

In Section 6.5 we’ll see that the 
semiclassical result is correct, when we 
add all the higher order contributions to 
soft photon bremsstrahlung.
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Section 6.2. The electron vertex function

Eventually we’ll calculate the lowest order 
vertex correction. But first let’s understand 
some general features of the correction, 
valid to all orders of perturbation theory.
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Electric and Magnetic Form Factors
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Section 6.3. Evaluate the lowest order 
vertex correction.
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