
Physics 6433, Quantum Field Theory

Assignment #7

Due Wednesday, April 1, 2015

March 25, 2015

1. Do the integral (4.26) given in class.

2. Using the proper-time representation for the propagation function, de-
rive the following dimensional regularization formulæ:
∫ ddl

(2π)d

1

(l2 + M2 + 2l · p)α
=

Γ(α − d/2)

(4π)d/2Γ(α)

1

(M2 − p2)α−d/2
,

∫ ddl

(2π)d

lµ
(l2 + M2 + 2l · p)α

= −
Γ(α − d/2)

(4π)d/2Γ(α)

pµ

(M2 − p2)α−d/2
,

∫ ddl

(2π)d

lµlν
(l2 + M2 + 2l · p)α

=
1

(4π)d/2Γ(α)

[

pµpν
Γ(α − d/2)

(M2 − p2)α−d/2

+
1

2
δµν

Γ(α − 1 − d/2)

(M2 − p2)α−1−d/2

]

,

∫ ddl

(2π)d

lµlνlρ
(l2 + M2 + 2l · p)α

= −
1

(4π)d/2Γ(α)

[

pµpνpρ
Γ(α − d/2)

(M2 − p2)α−d/2

+
1

2
(δµνpρ + δµρpν + δνρpµ)

Γ(α − 1 − d/2)

(M2 − p2)α−1−d/2

]

,

∫ ddl

(2π)d

lµlνlρlσ
(l2 + M2 + 2l · p)α

=
1

(4π)d/2Γ(α)

[

pµpνpρpσ
Γ(α − d/2)

(M2 − p2)α−d/2

+
1

2
(δµνpρpσ + δνσpµpρ + δρσpµpν + δµρpνpσ + δνρpµpσ + δµσpνpρ)

×
Γ(α − 1 − d/2)

(M2 − p2)α−1−d/2
+

1

4
(δµνδσρ + δµρδνσ + δµσδνρ)

Γ(α − 2 − d/2)

(M2 − p2)α−2−d/2
.
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3. The “Spence function” or dilogarithm occurs frequently in the evalua-
tion of two-loop Feynman diagrams. It is defined by for real x

f(x) = −
∫ x

0

dt

t
ln |1 − t|.

Establish the identities

f(x) + f(1 − x) + ln |x| ln |1 − x| =
π2

6
,

f(x) + f(1/x) +
1

2
ln2 |x| =

{

1

3
π2, x > 0,

−1

6
π2, x < 0,

and determine the specific values

f(1) = −2f(−1) =
2

3
f(2) = 2f(1/2) + ln2 2 =

1

6
π2.

2


