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Problem 4.1

Pure N = 1 supersymmetric gauge theories (i.e. without any matter) have a S-function which

can be written to all orders in perturbation theory as
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where b is the 1-loop coefficient.
a) Show that
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solves the RG-equation (1).

b) Show that
_2 2
A = pg73(n) exp[*5-g7* ()]
is an RG-invariant scale, i.e. & = 0 holds.

dp

c) Using a) show that
A = Mexp[E2g72(M1)]

Problem 4.2

In General Relativity one defines the covariant derivative of a vector V), as
V.V, =0,V, -I7,V,.

For a vector V, = e~V one has
ViVa = 0Va —w, "V

where Wap = —Wuba-

a) Derive an expression for Ve using the consistency of the two expressions.

Using additionally V,g,, = 0 show
Wuvp = %(qu — Cup + Cupv)

. a,b I a a c
where Wy, 1= e5e,wWuba, Cupp = (8,,% — 0,€2) Nac€s-



b) Compute the transformation law of wﬂab under local Lorentz transformations.

Problem 4.3

a) Compute all Christoffel symbols and all components of the Riemann curvature tensor for

a Kahler manifold with the metric G;; = 9;0; K.

b) Show
[Dia DE]UIC = Rijklvl )

where D;Uk = &jvlm Doy = vy — Fi‘kvl-

c¢) Show that the Ricci tensor is given by

R;; = 0;0; Indet(Gz) -

Problem 4.4

Consider a supergravity with n, + 1 chiral multiplets T, ¢, = 1,...,n. and a Kihler potential
K=-3InY , where YE(TJFT—QZ)i(Si;gZ;j), k=1.
a) Compute all components of the metric.

b) Show
KGVEK;=3,

where I runs over all n. + 1 chiral fields.

Hint: For G/ use the Ansatz

and determine X, Z.

¢) Compute V in this theory for W = constant.



