
Introduction to Supersymmetry 9 Sabine Kraml

squarks and sleptons, and that separately for left- and right-chiral states, because they carry di↵erent SU(2) quantum
numbers. Similarly, the Higgs boson is contained in a chiral superfield and by SUSY obtains a fermionic partner, the
higgsino. Actually in the MSSM we have to introduce two Higgs doublets and their superpartners to ensure anomaly
cancellation.

For the gauge bosons, we need so-called vector superfields, which are functions of both ✓ and ✓̄:

V (x, ✓, ✓̄) = ✓�µ✓̄vµ(x)� i✓̄✓̄✓↵�↵(x) + i✓✓✓̄↵̇�̄↵̇(x) +
1
2
✓✓✓̄✓̄D(x) . (22)

A vector superfield contains a vector boson v and a Majorana fermion �. The field D is, like F , an auxiliary field with
with mass dimension 2 and no physical degrees of freedom. The spin-1 gauge bosons of the SM, identified with v, thus
obtain spin-1/2 partners, the gauginos. The Majorana nature of the gauginos will be important for phenomenology.

Such a doubling of the spectrum by a new symmetry has actually been seen before: when going from 3D space to
4D space-time, the theory requires the existence of anti-particles. Now when going from space-time to superspace,
the theory requires the existence of superpartners. The two issues are completely analogous.

For those who want to dig deeper into the superfield formalism, there are numerous lecture notes and textbooks
available. A nice step-by-step introduction, starting from a very basic level, is given in [105]. Note also that we have
not discussed the breaking of supersymmetry; for this we refer the interested reader to the literature. Recommended
texts are [48, 105, 106].

4. THE MINIMAL SUPERSYMMETRIC STANDARD MODEL

4.1. Definition of the model

The minimal supersymmetric standard model is the straightforward supersymmetrization of the SM. Here we just
explain the basic building blocks of the model. For detailed reviews, see e.g. [1, 48, 107]. The MSSM is build up as
follows:

• In addition to the gauge boson fields, spin- 1
2 gaugino fields are introduced. The partners of Bµ and W i

µ are
the bino B̃ and winos W̃ i. The superpartners of the gluons are the gluinos g̃.

• Quarks and leptons get spin-0 partners called squarks and sleptons. As there has to be a superpartner for
each degree of freedom, two bosonic fields are needed per SM fermion: the left- and right-chiral fields q̃L, q̃R

and ˜̀
L, ˜̀

R.

• In the Higgs sector, one needs two complex Higgs doublets with hypercharges ± 1
2 in order to give masses

to up- and down-type quarks and leptons, and to cancel anomalies. The Higgs fields are assigned spin- 1
2

superpartners, the so-called higgsinos.

• Within the framework of supergravity, the model also includes the graviton (spin-2) and its fermionic partner
the gravitino (spin-3

2 ).

The particle content of the MSSM is summarized in Table I. The gauge interactions are determined by the gauge
group, which is the same as in the Standard Model: SU(3)C ⇥ SU(2)L ⇥ U(1)Y . For a concise derivation of these
interactions, see e.g. [48, 107]. Masses and couplings of the matter fields are determined by the superpotential W.
The choice of the gauge group constrains W but does not fix it completely. Holding to the priciple of minimality, that
means introducing only those terms that are necessary to build a consistent model, we get

W =
3X

i,j=1

⇥
(hE)ij H1LiE

c
j + (hD)ij H1QiD

c
j + (hU )ij QiH2U

c
j

⇤� µH1H2 , (23)

where i and j are generation indices. Contractions over SU(2) and SU(3) indices are understood. In particular,

H1H2 ⌘ ✏↵� H1↵H2� = H0
1H0

2 �H+
2 H�

1 , (24)

with ✏↵� a totally antisymmetric tensor used to contract over the SU(2) weak isospin indices ↵,� = 1, 2. Likewise,
H1QDc ⌘ ✏↵�H1↵Qa

�Dc
a where a = 1, 2, 3 is a colour index, and so on. The 3⇥3 matrices hD, hU , and hE are

dimensionless Yukawa couplings giving rise to quark and lepton masses. Moreover, hD and hU account for the mixing
between the quark current eigenstates as described by the CKM mechanism [72]. Notice that the same superpotential


