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Figure 9.1: All connected diagrams with £ =0 and V = 2.
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Figure 9.2: All connected diagrams with £ =0 and V = 4.
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Figure 9.3: All connected diagrams with £ =1and V = 1.

Figure 9.4: All connected diagrams with £ =1 and V = 3.
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Figure 9.5: All connected diagrams with E' =2 and V = 0.
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Figure 9.6: All connected diagrams with E =2 and V =

A0, Jo
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Figure 9.9: All connected diagrams with £ =3 and V = 3.
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Figure 9.10: All connected diagrams with £ =4 and V =
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Figure 9.7: All connected diagrams with £ =2 and V =

S=13!

Figure 9.8: All connected diagrams with £ =3 and V =

Figure 9.11: All connected diagrams with E =4 and V = 4.
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Figure 9.12: All connected diagrams with F = 1, X > 1 (where X is the
number of one-point vertices from the linear counterterm), and V+ X < 3.
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1. Draw lines (called external lines) for each incoming and each outgoing
particle.

2. Leave one end of each external line free, and attach the other to a
vertex at which exactly three lines meet. Include extra internal lines
in order to do this. In this way, draw all possible diagrams that are
topologically inequivalent.

3. On each incoming line, draw an arrow pointing towards the vertex.
On each outgoing line, draw an arrow pointing away from the vertex.
On each internal line, draw an arrow with an arbitrary direction.

4. Assign each line its own four-momentum. The four-momentum of
an external line should be the four-momentum of the corresponding
particle.
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10.

Think of the four-momenta as flowing along the arrows, and conserve
four-momentum at each vertex. For a tree diagram, this fixes the
momenta on all the internal lines.

The value of a diagram consists of the following factors:
for each external line, 1;
for each internal line with momentum k, +i/(k? +m? — ie);

for each vertex, iZ,g.

A diagram with L closed loops will have L internal momenta that are
not fixed by rule #5. Integrate over each of these momenta ¢; with
measure d*/;/(2m)*.

A loop diagram may have some leftover symmetry factors if there are
exchanges of internal propagators and vertices that leave the diagram
unchanged; in this case, divide the value of the diagram by the sym-
metry factor associated with exchanges of internal propagators and
vertices.

Include diagrams with the counterterm vertex that connects two prop-
agators, each with the same four-momentum k. The value of this
vertex is —i(Ak% + Bm?), where A = Zy,—1and B =2, —1, and
each is O(g?).

The value of i7 is given by a sum over the values of all these diagrams.
6. Consider a theory of three real scalar fields, A, B, and C, with the Lagrangian
L= %((’)},A)2 - %mﬁAz
%(.‘)“B)2 - %m%BQ
%(0,,(7)2 - %mfw(/ﬂ
+gABC
Write down the tree-level Feynman diagrams and corresponding scattering ampli-
tudes for the following processes
AA - AA
AA — AB
AA — BB
AA — BC
AB — AB
AB — AC

Note that your answers should be written in a form

9 Cs Ct Cy
M= g? 5 e = &=
mi;—s miy—t mi—-u

where s, t, and u are the Mandelstam variables, ¢; are positive integers, and m?

corresponds to m%, m%, or mg. Note that some amplitudes could be zero.

2.27
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