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Exercise 1 D-dim Gamma matrices

In order to calculate fermion loops using dimensional regularization, one has
to generalize the Dirac matrices to arbitrary space-time dimensions. Let g*”
be D—dim, e.g. v =0,1,..., D — 1 with

o, =g, =D = #(") = D.
The defining Dirac algebra remains unchanged: {v*,7"} = 2¢""14.

Show that
Yy, = Dy, Ay, = (2— D)d (1)

Exercise 2 Feynman parameters

Show:
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Hint: Proof (3) by induction.

Exercise 3 Beta function

Given the two integral representation of the Euler Beta and Gamma functions
0o 1
I(z) :/ dt " 'et,  B(z,y) :/ dt 71 (1 — )L, ©)
0 0
proof the connection between them:

B(z,y) = (7)



Exercise 4 Scalar Master Integrals

With the expansion of the I'-function around 0

_ 1

»l;_)r% ['(z) = ~ e + O(2)
show that

a) the scalar 1-point function is given by (use D-dim. spherical coordinates for
the momentum integration, show that the D-dim. solid angle is given by
27P/2 /T (D/2) and use a proper substitution)

2 4-D 2
Ag(m) = % /qu (¢*—m>+ig)™t = m? [A — log <%) + 11 +0O(D—4),
(8)

where A = 25 — vg + log 4T,

b) the scalar 2-point function is given by

2 )P , o)t
Bo(p, mo, m1) = % /qu {qu —mg +ie) [(g + p)* —mi + wl} )
=:a ;rb
1 2*p? — z(p? — mi +md) + m3 —ic
_A—/delog[ E }+O(D—4)

(10)

c) the following symmetry exists: By(p?, mg, m1) = Bo(p*, m1,my)

d) the special relation
2 2 _ .2 2 _ 2 _
Bo(,0,m) = A — log (%) +2+mp2p log <m P “), (11)

holds.

Exercise 5 Tensor Integrals

A general N —point tensor integral is given by

T/ﬁ ..... ;LM(pla'"apN—lam()w--amN—l)
E Ly G-y
im? [¢? — m§ +ie][(q + p1)? —mF +ie] ... [(¢ + pn-1)? — mF_; + ie]
= ( Gy - - - 9um )
o q

[¢> —m§ +i€e][(q + p1)? —m3 +i€] ... [(q + pn-1)? — m3F_, + i€]

By convention, one denotes T* = A, T? = B, T® = (,.... Looking at their
Lorenz-structure one can find the following tensor reduction

B" = p\'By, (12)
BY = guVBo() —i—p/fpll'BH (13)
Ct = piCy + phCy, (14)

o o= (15)



a) Contract the relation from eq.(12) with p* to express B, as linear combination
of the scalar master integrals A, Bj.

b) Similarly, show that

1
By = 2(D—1) [Ao(my) + 2m{ By + (p* — mi + m{) By ], (16)
1
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Homework Exercise 1 Electron Self-Energy

Calculate the electron self-energy at one loop

- i€2 4—D qu 7# (g + m) ryM
= [ T = o = (19

A denotes in this context a photon mass which is introduced in order to re-
gularize the soft divergence of this diagram. It does not appear in physical
observables. You should just express the result in terms of scalar master inte-
grals.



