Kapitel 1

Introduction

Supersymmetric theories are highly symmetric and beautiful. They unify fermions (matter) with bosons (carrier of forces), either in flat space (supersymmetry) or in curved space-time (supergravity). Supergravity unifies the gravitational with other interactions. The energy at which gravity and quantum effects become of comparable strength can be estimated from the only expression with the dimension of energy that can be formed from the constants of nature ℏ, c and G,

E_{Pl} = m_{Pl}c^2 = c^2 √ ℏc/G ∼ 10^{19}GeV.

The Schwarzschild radius of a point particle with Planck mass is just twice its Compton wavelength,

r_S = 2G c^2 m_{Pl} = 2G c^2 √ ℏc/G = 2ℏ c √ G/ℏc = 2ℏ m_{Pl} c

= 2λ_c.

Supersymmetry transformations relate bosons to fermions,

Q |Boson⟩ ∼ |Fermion⟩ and Q |Fermion⟩ ∼ |Boson⟩,

and hence relate particles with different spins. The particles fall into multiplets and the supersymmetry transforms different members of such a supermultiplet into each other. Each supermultiplet must contain at least one boson and one fermion whose spins differ by 1/2. All states in a multiplet (of unbroken supersymmetry) have the same mass.

So far no experimental observation has revealed particles or forces which manifestly show such a symmetry. Yet supersymmetry has excited great enthusiasm in large parts of the community and more recently in the context of superstring theories. It has even be said of the theory that it

is so beautiful it must be true.

Notation:

symbols range meaning i, j, k, . . . 1, 2, . . . , d − 1 space indices μ, ν, ρ, σ, . . . 0, 1, . . . , d − 1 spacetime indices α, β, γ, δ . . . 1, . . . 2^{[d/2]} Dirac-spinor indices α, β, α̇, β̇ . . . 1, . . . 2^{d/2−1} Weyl-spinor-indices (d even) A^†, A^∗, A^T A matrix adjoint, complex conjugate and transpose of A 1

1. Introduction 2

The (anti)symmetrization of a tensor A_{μ1 ...μn} is

A_{(μ1 ...μn )} = 1 n! ∑ σ A_{σ(μ1 )...σ(μn )}, A_{[μ1 ...μn]} = 1 n! ∑ σ sign(σ)A_{σ(μ1 )...σ(μn )}.

Reading

The following introductory books and review articles if found useful. I apologize to those colleagues, whom I forgot.

1. J. Wess and J. Bagger, Supersymmetry and Supergravity,

Princeton University Press, Princeton, 1983

2. Martin F. Sohnius, Introduing Supersymmetry,

Physics Reports 128 (1985) 39

3. S.J. Gates, M.T. Grisaru, M. Rocek and W. Siegel, Superspace: Or One Thousand and One Lessons in Supersymmetry, Benjamin/Cummings, London, 1983

4. S. Weinberg, The Quantum Theory of Fields,

Vol.3, Cambridge University Press, Cambridge, 1999

5. P. West, Introduction to Supersymmetry and Supergravity,

Word Scientific, Singapore, 1987

6. M. Jacob, Supersymmetry and Supergravity,

North Holland, Amsterdam, 1987

7. O. Piguet and K. Sibold, Renormalized Supersymmetry,

Birkhäuser Boston Inc., 1986

8. M.B. Green, J.H. Schwartz and E. Witten, Superstring Theory,

Cambridge University Press, 1987

9. Peter G.O. Freund, Introduction to Supersymmetry,

Cambridge University Press, Cambridge, 1986

10. H.J.W. Müller-Kirsten and A. Wiedemann, Supersymmetry: An Introduction with Conceptual and Calculational Details World Scientific, Singapore, 1987

11. Antoine Van Proeyen, Tools for Supersymmetry,

hep-th/9910030

12. Stephen P. Martin, A Supersymmetry Primer,

hep-ph/9709356

13. Joseph D. Lykken, Introduction to Supersymmetry,

hep-th/9612114

14. Manuel Drees, An Introduction to Supersymmetry,

hep-ph/9611409

———————————— A. Wipf, Supersymmetry