
Homework 4 Solutions Ph 205b Baoyi Chen

1. Let the initial electron and positron have four-momenta p1 and p2, respectively, and
the final electron and positron have four-momenta p′1 and p′2. The relevant diagrams
are shown in Srednicki fig. 45.8. The amplitude is then given by

iTe+e−→e+e− =
1

i
(ig)2
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(ū′1iγ5u1)(v̄2iγ5v

′
2)

−t+M2
− (v̄2iγ5u1)(ū

′
1iγ5v

′
2)

−s+M2

]
, (1)

where s = −(p1 + p2)
2 nad t = −(p1 − p′1)2. Therefore

Te+e−→e+e− = g2
[

(ū′1iγ5u1)(v̄2iγ5v
′
2)

M2 − t
− (v̄2iγ5u1)(ū

′
1iγ5v

′
2)

M2 − s

]
. (2)

We then have

T e+e−→e+e− = g2
[

(ū1iγ5u
′
1)(v̄

′
2iγ5v2)

M2 − t
− (ū1iγ5v2)(v̄

′
2iγ5u

′
1)

M2 − s

]
, (3)

where we have used the relation iγ5 = iγ5. The squared amplitude |T |2 = T T ∗ = T T
is given by

|T |2 = +
g4

(M2 − t)2
Φtt +

g4

(M2 − s)2
Φss (4)

− g4

(M2 − t)(M2 − s)
Φts −

g4

(M2 − s)(M2 − t)
Φst ,

where

Φtt = Tr

[
(u1ū1)iγ5(u

′
1ū
′
1)iγ5

]
Tr

[
(v′2v̄

′
2)iγ5(v2v̄2)iγ5

]
, (5)

Φss = Tr

[
(u1ū1)iγ5(v2v̄2)iγ5

]
Tr

[
(v′2v̄

′
2)iγ5(u

′
1ū
′
1)iγ5

]
, (6)

Φst = Tr

[
(u1ū1)iγ5(u

′
1ū
′
1)iγ5(v

′
2v̄
′
2)iγ5(v2v̄2)iγ5

]
, (7)

Φts = Tr

[
(u1ū1)iγ5(v2v̄2)iγ5(v

′
2v̄
′
2)iγ5(u

′
1ū
′
1)iγ5

]
. (8)

Next we average over the two initial spins and sum over the two final spins to get

〈|T |2〉 =
1

4
Σs1,s2,s′1,s

′
2
|T |2 . (9)

Then we use Srednicki Eq. (48.5) to get

〈Φss〉 =
1

4
Tr

[
(−/p1 +m)iγ5(−/p2 −m)iγ5

]
Tr

[
(−/p′2 −m)iγ5(−/p′1 +m)iγ5

]
, (10)

〈Φtt〉 =
1

4
Tr

[
(−/p1 +m)iγ5(−/p′1 +m)iγ5

]
Tr

[
(−/p′2 −m)iγ5(−/p2 −m)iγ5

]
,

〈Φst〉 =
1

4
Tr

[
(−/p1 +m)iγ5(−/p′1 +m)iγ5(−/p′2 −m)iγ5(−/p2 −m)iγ5

]
,

〈Φts〉 =
1

4
Tr

[
(−/p1 +m)iγ5(−/p2 −m)iγ5(−/p′2 −m)iγ5(−/p′1 +m)iγ5

]
.
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With the help of FeynCalc.m, we obtain that

〈Φss〉 = s2 , 〈Φtt〉 = t2 , (11)

〈Φst〉 = −st
2
, 〈Φts〉 = −st

2
.

Putting all of these together, we get

〈|T |2〉 = g4
[

s2

(M2 − s)2
+

st

(M2 − s)(M2 − t)
+

t2

(M2 − t)2

]
. (12)
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�������� Import["http://www.feyncalc.org/install.m"]

Considering the process p1+p2->q1+q2, write four-vector products in terms of the Mandelstam variables

�������� ScalarProduct[p1] = m2;
ScalarProduct[p2] = m2;
ScalarProduct[q1] = m2;
ScalarProduct[q2] = m2;

ScalarProduct[p1, p2] = ScalarProduct[q1, q2] = -
1
2

s - 2 m2;

ScalarProduct[p1, q1] = ScalarProduct[p2, q2] =
1
2

t - 2 m2;

ScalarProduct[p1, q2] = ScalarProduct[q1, p2] =
1
2

u - 2 m2;

Note that FeynCalc uses the metric signature (+,-,-,-) while Srednicki uses (-,+,+,+), therefore we can 

set $m->im$ and consider the relevant sign change while tracing to get the results consistent with 

Srednicki convention. 

�������� TrickMandelstam
1
4
Tr-GS[p1] + ⅈ m.ⅈ GA[5].-GS[p2] - ⅈ m.ⅈ GA[5]

Tr-GS[q2] - ⅈ m.ⅈ GA[5].-GS[q1] + ⅈ m.ⅈ GA[5], {u, t, s, 4 m^2}
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�������� TrickMandelstam
1
4
Tr-GS[p1] + ⅈ m.ⅈ GA[5].-GS[q1] + ⅈ m.ⅈ GA[5]

Tr-GS[q2] - ⅈ m.ⅈ GA[5].-GS[p2] - ⅈ m.ⅈ GA[5], {u, t, s, 4 m^2}
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�������� TrickMandelstam
1
4
Tr-GS[p1] + ⅈ m.ⅈ GA[5].-GS[q1] + ⅈ m.ⅈ GA[5].-GS[q2] - ⅈ m.

ⅈ GA[5].-GS[p2] - ⅈ m.ⅈ GA[5], {u, t, s, 4 m^2}
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�������� TrickMandelstam
1
4
Tr-GS[p1] + ⅈ m.ⅈ GA[5].-GS[p2] - ⅈ m.ⅈ GA[5].-GS[q2] - ⅈ m.

ⅈ GA[5].-GS[q1] + ⅈ m.ⅈ GA[5], {u, t, s, 4 m^2}
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2. Srednicki 48.2
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3. Srednicki 48.4
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