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I Time Ordered Perturbation Theory in the two pictures.
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Uncertainty principle

Precisely determined momentum
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Wave-particle duality




Use of momentum-space

For historical and computational reasons the momentum-space
picture has been largely studied compared to the coordinate-space
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Use of momentum-space

For historical and computational reasons the momentum-space
picture has been largely studied compared to the coordinate-space

one:
I Factorization and Resummation results in momentum-space
(90’s).
I Factorization results in coordinate-space (2014!).
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Divergencies in QFT Amplitudes

A general Green's function in QFT can be parametrized as
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Divergencies in QFT Amplitudes

A general Green's function in QFT can be parametrized as
< Y1 X Nk
G=(@ 1! dPk, d; NP,
i=1 j=1 0 i=1
Condition for a divergence:

D j(F+m? i) =0
=1
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Divergencies in QFT Amplitudes

However these divergencies must be unavoidable. This means:

I If the two zeroes in k; merge at the same point and “pinch”
the contour of integration:

@prkis ) .

0k; D=0 '

I Endpoints singularities. Since k; 2 R ¥ UV div. ¥
renormalization. For j integrations these singularities are
important when j =0 or, if D does not depend on
(meaning that Ij2 = mjz)
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Landau Equations

8 X

2 jlj ii=0 8 i
j2loop i

=

- j(F+m) =0 8

These are necessary but not sufficient conditions for a “pinch
surface”.
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Coleman-Norton trick

To find the true singularities a method was found in the '65 by
Coleman and Norton.
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Coleman-Norton trick

To find the true singularities a method was found in the '65 by
Coleman and Norton.

Off-shell lines we have j = 0. For an on-shell internal line we will
have that j 6 0 and @D=@k; = 0.If we identify

b
and = Xj0=|j0 (See TOPT in momentum-space later). Then
we have that

x = x0v

with v, = (1;Tj:Ij°).
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Landau-Coleman-Norton Equations

8 X )
2 X; jii =0 if IJZ = mJ
j2loop i

= 2.
i
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Landau-Coleman-Norton Equations

8 X )
2 X; jii =0 if IJZ = mJ
j2loop i

= 2.
i
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Quark EM form-factor
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Quark EM form-factor
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With off-shell incoming photon.
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