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My lecture deals with general consequences of Supersymmetry, a symmetry 

that enlarges the space-time symmetry of elementary particle interactions 

and their description in terms of (not necessarily Lagrangian) Quantum Field 

Theory. 

 

Key contributions to space-time symmetries have been presented, over the 

years, at the Erice Summer School, by distinguished lectures including J. 

Schwinger, C.N. Yang, T.D. Lee, E. Wigner, P.A.M. Dirac, S. Coleman, A. Salam, 

M. Gell-Mann, G. ‘t Hooft and B. Zumino. 

 

I was proud to receive an invitation to lecture at the 1978 Summer School on 

“Supersymmetry and Supergravity”, together with my colleagues G. Farrar 

and P. Fayet. SUSY was four-years old and SUGRA was only two-years old! 
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The fact that after 40 years these theories, together with their inclusion in 

SUPERSTRINGS, are still among the main subjects at many Schools, Conferences 

and topical Workshops, as well as possible frameworks for the Physics beyond the 

Standard Models and thus for Early Cosmology. This standing rests on their 

property of including General Relativity within a unique enlargement of 

relativistic symmetries. 

 

There are many phenomena in Theoretical Particle Physics that await a proper 

explanation, even if one accepts the “dogmas” of Lagrangian renormalizable 

Quantum Field Theory. As a witness of many developments in my 50 years of 

career in the field, let me briefly recall some subjects that may have to do with 

Supersymmetry. 
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1) Why two very distinct sets of fields which obey different statistics behave in 

a “democratic way”  under the gravitational force? 

2)  Hierarchy problem (existence of fundamental scales of immensely different 

orders of magnitude) 

3)  Estimates of proton lifetime in Grand Unified Theories 

4)  Why the top-quark mass is comparable to the Higgs mass but much larger 

than other quark masses in the Standard Model? 

5) If “inflation” is the correct dynamics of the Early Universe, who is the 

inflaton, the scalar degree of freedom that drives it? 

6)  Where do “dark matter” and “dark energy” come from? 

7) The cosmological constant problem. 
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NOETHER SUPERCURRENTS, SUPERGRAVITY AND BROKEN SUPERSYMMETRY 

 

 

 

1)  Review of Noether Theorem for space-time symmetries. Improvement; 

2) Poincaré, Conformal, Super-Poincaré, Superconformal; 

3) Superspace geometry in curved Superspace; 

4) Supercurvature multiplets; 

5) Unbroken Supersymmetry in curved backgrounds; 

6) Supersymmetry breaking in flat and curved Superspace; 

7) Conclusions and Outlook 
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Let us consider (Super) Lie group symmetries of a local Lagrangian field theory 

with Lagrangian ℒ . In the infinitesimal the corresponding (Super) Lie algebra 

generators 𝑋𝐴 must give rise to a vanishing variation: 

 

𝛿 𝒮 =  𝑑4𝑥 𝛿 ℒ = 0,       𝛿ℒ = 𝑖 𝜖𝐴 𝑋𝐴 , ℒ , 𝐴 = 1, … , 𝑁  

Noether’s theorem asserts that, in this situation, N  vector currents                         

must exist which are conserved as a consequence of the field equations. 

For space-time (super)symmetries the Lagrangian is NOT invariant:                  

and the Noether current takes the form (the second is the “canonical current”) 

𝐽𝐴
𝜇

 𝜖𝐴 =
𝛿 ℒ

𝛿 𝜕𝜇𝜑𝑖
 𝛿  𝜑𝑖 − 𝐾𝜇  , 
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where 

𝛿  𝜑𝑖 = 𝛿𝜑𝑖 − 𝛿 𝑥𝜎𝜕𝜎𝜑𝑖 , 𝛿 𝑥𝜎 =  𝜖𝐴 Δ𝐴 
𝜎  𝑥 ,  𝛿𝜑𝑖 = 𝜖𝐴 𝜃𝐴 

𝑖 (𝑥) 

 

 

and for linear symmetries         𝜃 𝐴 
𝑖 = 𝑇𝐴

  𝑖
𝑗
 𝜑𝑗 

For superalgebras the 𝜖𝐴 are anticommuting parameters and the  𝑋𝐴 satisfy 

anticommutation relations. 

 

It is possible to add improvement terms to the canonical energy-momentum 

tensor  

 

in such a  way that all Noether currents of the (space-time) symmetry group 

can be expanded as ̀ `moments’’ of 

                                                           

                                                          



S. Ferrara - Erice, 2018 8 

                                                               so that 
 
For the Superconformal algebra, the maximal space-time symmetry, the               
 satisfy the differential equation 
 
 
 
The charges of the Poincaré and Conformal algebra are momenta of  
 
 
 
 
 
 
 
 
and in the conformal case          
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For supersymmetry the vector-spinor current                                      has the 

property that the most general supercurrent (superconformal) can be written 

as     𝜖 𝐴 𝑥  𝐽𝜇𝐴
𝐼𝑚𝑝𝑟

 (𝑥)    , with                                  ( Impr                        ). 

 

Current conservation requires: 

•  Poincaré symmetry: 

•  Super-Poincaré symmetry: 

•  Conformal symmetry: 

•  Superconformal symmetry: 

 

The charges are again given as space integrals of the time components of the 

conserved currents:  
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Spinor charges                      (Super-Poincaré + Superconformal), in terms of real 

Majorana spinors:  
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For Superconformal symmetry one also need the $R$-symmetry current        , 

so that the multiplet of currents is 

 

 

 

 

For Poincaré (broken conformal) supersymmetry the multiplet of currents 

also contains the a chiral multiplet 
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NAVIGATING  IN SUPERSPACE 

(Salam-Strathdee) 

Superspace:  (super-manifold in Mathematics,                 for D=4, N=1 

Wess-Zumino Supersymmetry  

Action of the superalgebra on                      :  

 

 

 

(F, Wess, Zumino, 1974) 
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The supercurrent multiplet has the following (superfield) structure:                           

   (   ) 

 

 

(in the superconformal case:                                                                    ) 

NOTE the Ward identity (F, Zumino) 

 

 

 

In particular, with unbroken Supersymmetry                        implies 

                      (vanishing vacuum energy) (Zumino) 
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In General Relativity covariant derivatives do not commute 

 

 

Where the first term defines the curvature tensor and the second the torsion 

tensor. In the presence of torsion, the Palatini (first-order) formalism is not 

equivalent to the ordinary Riemannian formulation. For example, a Majorana 

fermion couples to torsion via the spin connection, and a new term                      

 is present in the final theory. 

In Superspace, supertorsion and supercurvature satisfy some constrained 

equations, so that the geometry is finally encoded in three superfields: 

•         Weyl tensor (Riemann-traces); 

•         Einstein tensor (Riemann-traces); 

•         Scalar curvature 
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These superfields are subject to some constraints. For example: 

 

 

 

which implies 

 

In contrast with Riemannian geometry, “flat”superspace has non-vanishing 

(super)torsion 

            𝜇 

 

Hence the superspace geometry underlying Supergravity is not 

(Super)Riemannian geometry.  

 

(F, Wess, Zumino; F, Zumino) 

(Arnowit, Nath, Zumino) 
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SPONTANEOUSLY BROKEN SYMMETRIES 

 

In this case Noether currents are conserved but the vacuum is NOT invariant. 

The solutions of the field equations do not preserve the symmetry: 

 

         𝛿𝜑𝑖 → 𝛿𝜑𝑖 ≠ 0            𝜖𝐴 𝑋𝐴, 𝜑𝑖 ≠ 0 ⟹ 𝑋𝐴 |0 ≠ 0  

 

(Goldstone’s theorem follows) 

 

For superfields this implies that higher components must have vanishing VEV. 

Hence, looking at higher components of superfields leads to a model-

independent definition of Supersymmetry breaking. 
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SUPERFIELDS AND SUPERSYMMETRY BREAKING 

 

 

Supersymmetry variation: 

 

 

This translates into  

and therefore for the last component: 

 

With broken Supersymmetry                         , and more generally   
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EXAMPLE: CHIRAL SUPERFIELDS 

 

 

 

Notice that a vacuum value of the lowest component does not break 

Supersymmetry, since the first component is not a “next field” 

 

If we apply this reasoning to the “Supercurvature” multiplets, we can classify 

“curved” supersymmetric backgrounds other than Minkowski space time. 
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It can be shown indeed that the other backgrounds that preserve four 

supersymmetries have 

1)   

2)   

 

             are the (six bosonic) auxiliary fields of minimal Supergravity, with 

action 

 

Superalgebras (subalgebras of the Superconformal algebra): 

 

1)   

2)   

3)   
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1)   

2)   

           and  

 

 


