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Introduction 
The properties of elementary particles are associated to the underlying symmetry groups, 
what are the symmetries compatible with quantum mechanics and special relativity ? 

1967

1975

· Coleman-Mandula : Lie algebra 
with bosonic generators

· Haag-Lopuszanski-Sohnius : Lie 
superalgebra with bosonic and 
fermionic generators

e-
e-~

electron : spin 1/2

selectron : spin 0
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Poincaré superalgebra
Casimir operators for the Poincaré algebra :

N=1 means we introduce one Majorana spinor ⇒ 7 more relations to investigate :

means that particles in 
a given supermultiplet 
share the same mass
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Poincaré superalgebra
In the massless case, multiplets are labelled as :

Matter 
supermultiplets :

Quark

Lepton

Higgsino

Squark

Slepton

Higgs

λ = 0λ = 1/2

N=1 supergravity 
multiplet :

Graviton Gravitino

λ = 3/2λ = 2

contains states

Gauge 
supermultiplets :

λ = 1/2λ = 1

Photon

W, Z

Gluons

Photino

Wino, Zino

Gluinos

We now deal with supermultiplets containing particles of different spins !
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Superspace is an extension of ordinary spacetime by fermionic coordinates (              )  :

Superspace

x

infinitesimal parameter

In superspace, the component fields of a supermultiplets are united into a superfield :

shift the problem of finding 
representations



  6

Superfields
complex scalar complex vectorR-Weyl spinor L-Weyl spinor

Chirality

Chiral superfield ⇔ matter supermultiplet

Reality

Vector superfield ⇔ gauge supermultiplet
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Lagrangian formalism
How to describe interactions between chiral and vector superfields ?

Consider a gauge group G and chiral superfields in a representation R generated by the 
hermitian matrices T :

· transformation of the chiral superfield :

The superpotential can take various forms :

holomorphic function of chiral only

mass dimension = 3
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Lagrangian formalism
For the vector part, the problem arises when we go to non-abelian gauge (                        ):

The most general renormalizable Lagrangian is then :

· application of abelian : SQED

· application of non-abelian : SQCD
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SUSY breaking
We can hide these 
contributions into the scalar 
potential :

SUSY breaking is required by phenomenology : no scalar electron discovered !

· spontaneously broken if the scalar potential admits a non-vanishing vev

O’Raifeartaigh mechanism
F-term breaking

Fayet-Iliopoulos mechanism
D-term breaking
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SUSY breaking
Do we have a solution ?  Yes, but at the cost of harder computations

Hidden sector
singlet fields for the 

SM gauge group

Observable sector
what we know

Susy breaking
happening at a given 

scale

Soft-breaking terms
log divergence

tr
an

sm
itt

ed
 to

 

We need : 

· non-renormalization

· identify superfields for 
   N=1 supergravity

· curved geometry

COMPUTATIONS
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MSSM : Higgs sector
We supersymmetrize the SM with fields that differ in spin by half. The tool box is :

Higgs sector

a = 1,…,8

Gauge sector

Matter sector

+
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MSSM : Higgs sector
The Higgs sector is far richer :

· scalar : h0, H0

· pseudo-scalar : G0, A0

· charged : G±, H±

G are the Goldstone bosons generated by the 
breaking and are eaten by the gauge bosons

Higgs masses as a function of MA0 

for tan(β)=3 (tree level)
Superpotential + soft-breaking 
possible to compute all the mass 

matrices for the MSSM
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Conclusion

χ~
H

t

t~H

How to pursue the study ?

· local version : supergravity

· N>1 supersymmetry

Even if there are no experimental evidence (yet) :

· still investigated

· any deviation from the SM would be a sign 
   of new physics

Thanks to M. Rausch and M. Bonnefoy for having 
endured my 5-hour long presentation at the lab !
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A) Coleman-Mandula
Let G be a symmetry group of the S-matrix, and let the following conditions hold : 

a) G contains a subgroup locally isomorphic to the Poincaré group P
 
b) All particle types correspond to positive-energy representations of P. For any 
finite M, there are only a finite number of particle types with mass less than M 

c) Elastic-scattering amplitudes are analytic functions of center-of-mass energy, s, 
and invariant momentum transfer, t, in some neighborhood of the physical region, 
except at normal thresholds

d) The generators of G, considered as integral operators in momentum space, have 
distributions for their kernels.
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A) Conventions
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A) Conventions
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B) Lie superalgebra
Basic idea : consider a Lagrangian with bosonic and fermionic fields, and symmetries 
generated by bosonic or fermionic charges

then find the 
conserved current 
and then charge
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C) Poincaré superalgebra

What would happen if not the same 
number of degrees of freedom ?
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D) Superspace
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D) Superspace
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D) Superspace
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D) Superspace
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E) Superfields
For the chiral superfield :

on shell : - 2 real degrees of freedom for the complex scalar
  - 2 polarization states for the fermion

off shell : - 4 real degrees of freedom for the complex fermion
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F) Lagrangian
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F) Lagrangian
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G) Breaking
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H) MSSM
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H) MSSM
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H) MSSM
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