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SUPERSYMMETRY
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SUSY

We are looking for non trivial unification of internal and space-time symmetries

If P is the Space-time group of symmetry

And  G is the internal symmetry group 

Coulmen - Mandela No-go theorem

If P and G are Li groups, it is not possible to find group SG, for which G ⊂ SG and 

P ⊂ SG, different from G ⊗ P

i.e. trivial unification

The way out – use something which is not a Li group ?!

Haag – Lopushanski - Sohnius
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The solution is a new kind of symmetry – between fermions and bosons

Group � Super group – new spinor generators

Super Algebra – commuting and anticommuting generators

Qα|F> � |B>  and Qα|B> � |F>

SM particles form supermultiplets

Equal number fermions and bosons – new particles

However particles in one multiplet have equal masses

Supersymmetry should be broken

SUSY
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SUSY SM
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Dimensions

Lets consider the dimension of the  variables and fields:

[x] = m-1   [dx] =  m-1

Action should be dimensionless i.e.

From [S] = 0 �

Scalar field: from                              �

Spinor field: from                              �

Vector field: same like scalar one 
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Supermultiplets
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Supermultiplets



Leandar Litov BSM Sofia,  May- June 2006

Supermultiplets
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Supermultiplets
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Superalgebra
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Superalgebra
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SUSY Irreducible representations

Additional to Jmn and Pm spinor generators

,                     r,s = 1,2, …, N

The N –extended superalgebra is
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From                                                        it follows   P2 is a Casimir Operator 

� P2 = M2 all members of the multiplet have equal masses

Irreducible representations
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Massive Irreducible Representation

Let us consider representation with P2 = - M2

In the rest frame we have                                       )0,0,0,( MPm −=
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Let us introduce new operators

and             

They are creation and annihilation operators satisfying  

Let us define Cliford vacuum  

Irreducible representations
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where          transforms under some irreducible representation 

of the Poinkare group. Then the states 

form irreducible representation of the N – extended supergroup

Due to anticommutation of the creation operators the supermultiplet has finite 

dimension

For every n we have             states   and 

As a result we have the same number of bosonic and fermionic degrees of 

freedom

Nf = 22N-1 and NB = 22N-1

The maximal spin in the representation is

Irreducible representations

Ω

Ω=Ω ++ )...()(
1

1

1

1

1

,...,)(

,...,
n

n

n

n

rrn

rr aa
n

αα
αα










n

N2 N
N

n n

N
d

2
2

0

2
2

=







=∑

=

Ns
2

1
=



Leandar Litov BSM Sofia,  May- June 2006

Example N=1

s=0        s=1/2                                           s=0  

If            transforms under irreducible representation with spin j

Then the supermultiplet includes states with spins (j, j+1/2, j-1/2, j)   

For N=1 and N=2 we have the following multiplcities of the IR            

Irreducible representations

,)( Ω+
αaΩ Ω=Ω ++++ )()(

22

1
)()(

2

1
γ

γαβ
βα ε aaaa

jΩ

12

213/2

1211

1211/2

120

Ω3/2Ω1Ω1/2Ω0spin

12

413/2

6411

4641/2

1450

Ω1Ω1/2Ω0spin

Ν=1 Ν=2



Leandar Litov BSM Sofia,  May- June 2006

Superspace
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Building SUSY SM
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