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1-Why Supersymmetry? 

2-How to contain Supersymmetry? 

 3- Why and how to break Supersymmetry? 
 

4-A Simple model for SUSY breaking 

0-A review on QFT and SM of Particle physics 

          PLAN OF TALK 



SYMMETRY IN PHYSICS 

 

Å   SYMMETRY                         INVARIANCE 

 

ÅCLASSICAL MECHANICS 

 

ÅCLASSICAL ELECTRODYNAMICS 



CLASSICAL PHYSICS 

Åὒ άὢ  

Å π 

Åάὼ ὧέὲίὸȢ     

ÅὼḊὧώὧὰὭὧ ὺὥὶὭὥὦὰὩ 

ÅSYMMETRY              CONSERVED QUANTITY 



ELECTRODYNAMICS 

Åὒ Ὂ Ὂ ὐὃ  

Åὃ ᴼὃ +‬Ὂὼ 

 

Å‬ὐ π 
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ÅSYMMETRY              CONSERVED QUANTITY 

 

 



QFT  AS  THE  FUNDAMENTAL 
THEORY 

ÅAll fundamental interactions are described  

    through invariances. 

ÅLorentz invariance is necessary. 

 

ÅLagrangian of QFT has all these symmetries. 

 

 

 



 
The standard model describes three fundamental 

Interactions for elementary particles : 
 

EM U(1) 
symmetry 

electro
WEAK 

SU(2)*U(1) 
symmetry 

STRONG 
SU(3) 
symmetry 



OBSERVED ELEMENTARY PARTICLES 
UNTIL 2012 

Å                                                  

 

 
Å                                                                                                                                           

http://abyss.uoregon.edu/~js/ast 123/lectures/lec 07.html 
 



SALAM-WEINBERG MODEL 

ÅPREDICTION : HIGGS BOSON 

 

ÅANY PROBLEM? 

ÅYES, The gauge hierarchy problem. 



Hierarchy problem of the Higgs mass 

ÅQuantum corrections in the frame of SM 
take the mass of Higgs to Planck scale. 

 

Yukawa coupling Ὄ  

ɤ ÄÉÖÅÒÇÅÎÃÅ 
 



 
 
 
 
 

A  GOOD  MOTIVATION  
FOR  SUSY 



What does mean supersymmetry(SUSY)? 

Å(N= 1) type : for each particle in nature 
there is another one with a difference in 
spin by one half : 

ÅὗȿὪὩὶάὭέὲἃ ȿὦέίέὲἃ ȟ 

Åὗȿὦέίέὲἃ ȿὪὩὶάὭέὲἃ. 

 



How does SUSY solve Hierarchy 
problem? 

ÅSUSY introduces new interactions due to 
new particles. 



How to incorporate SUSY into QFT ? 



A review on non-supersymmetric 
QFT 

ÅPoincare symmetry (space-time and Lorentz 
transformation)  

ÅInternal symmetry                                                          

 

 

ÅCPT symmetry 

 

 

 



Poincare  algebra 

Åὖȟὖ π 

 

Åὓ ȟὖ Ὥὖ– ὖ–  

 

Åὓ ȟὓ  

 
Ὥὓ – ὓ – ὓ – ὓ –  



Coleman-mandula theorem 

ÅLimiting algebra to contain only commutation 
relations        

                                         Only QFT symmetries 

ÅLoosing the constraint ȰÏÎÌÙ commutation 
ÒÅÌÁÔÉÏÎÓȱ                  

                                         expanding algebra by 

                                         anti commutation relations 

                                                               



 supercharge 

 

Åὗ  
έὴὩὶὥὸέὶ ὫὩὲὩὶὥὸέὶ έὪ ὛὟὛὣ
  ὶὩὴὶὩίὩὲὸὥὸὭέὲ έὪ ὒέὶὩὲὸᾀ Ὣὶέόὴ

 

 

Åὗȟὗ π  ,     ὗȟὗ ς„ ὖ  

Åὗȟὖ π        ὗȟὓ „
    
ὗ  

ÅὗȟὝ π         



  Massless case (N= 1) 

Åὗȿὴȟ‗ἃ π                 ȿὴȟ‗ἃ =ȿЏἃ     

Åȿὴȟ‗ἃ , 1ȿὴȟ‗ἃ ὴȟ‗  



How to incorporate N=1 SUSY into 
QFT ? 

ÅGeneralization: 

 

ÅSpace O  superspace    : ὼᴼὼ  ȟ— ȟ—Ӷ 

ÅField(ὼ)  Osuperfield(ὼ  ȟ— ȟ—Ӷ) 

Å— ȟ—Ӷ : fermionic coordinates 

 

 



Chiral superfield 

 

ÅὛ ὼȟ—ȟ—Ӷ •ὼ ς—‪ὼ ——Ὂὼ

Ὥ‬•ὼ—„—Ӷ ——‬‪ὼ„—Ӷ

‬‬•ὼ———Ӷ—Ӷ 

 

ÅIt describes quarks and squarks or leptons 
and sleptons.  



How to make a supersymmetric 
lagrangian ? 

•‏ ς‚‪ 

‪‏ ς‚Ὂ ς‬•„‚Ӷ 

Ὂ‏ Ὥς‬‪„‚Ӷ 

Å   fl ‰‰ ὡ  ȿ ὌȢὅ 

Å       ὡ ὡ ȿ ὌȢὅȢ 



A chiral model : Wess-Zumino 
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ὰέὫΏ divergence ὰέὫΏ divergence 

There remains no Ώ divergence. 



Take a look at nature ! 

 

 

Selectron, Squark have not been observed. 

 

 

SUSY must be broken : SUSY 

 



SUPERSYMMETRY BREAKING 



HOW TO BREAK SUSY? 

Spontaneous SUSY breaking : 

 

  fl   is supersymmetric, vacuum is not. 

 
ὗȿπἃ π 

 



F-term SUSY breaking 

Chiral superfield transformation: 

•‏ ς‚‪ 

‪‏ ς‚Ὂ ς‬•„‚Ӷ 

Ὂ‏ Ὥς‬‪„‚Ӷ 

 

  Only ‏‪ π respects Lorentz invariance. 

 
‪ᶿ‏ Ὂ π 



Scalar potential 

ὠ ὠ •
‬ὡ

‬•
 

 

 Ὂ  



Energy criterion 
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Ὄ ὖ
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 A prototype model for  susy 
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‪ is the Goldstino 
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SUSY breaking is apparent. 

                                                       Cambridge Lectures on Supersymmetry and  Extra Dimensions,  
                                                       Lectures by: Fernando Quevedo, Notes by: Sven Krippendorf , Oliver Schlotterer  



Some details of SUSY  breaking 



A generic criterion for susy 

 
ὡ 7 ɮ  

 
‬7 ɮ πȟ ὥ ρȟȣὲ ȟὭ ρȟȣȟὲ 

 

Generically there is a solution. 



ὗȟὙ ὗ  

  

 ᴼὗὙȿὪὩὶάὭέὲἃ ὙὗȿὪὩὶάὭέὲἃ ὗȿὪὩὶάὭέὲἃ 
ᴼὙȿὦέίέὲἃ Ὑȿὦέίέὲἃ ȿὦέίέὲἃO Ὑ Ὑ ρ 
Ὑ— ρ 

ᴼὙὡ ςO 7 ɮ Æὸ ɮ ɮ   

 
ὲ ρ ὩήόὥὸὭέὲί ȟὲ όὲὯὲέύὲί 

Generically there is no solution. 

 



Now consider some models! 
K.Intriligator  and N. Seiberg,Lectures on supersymmetry  Breaking   
arXiv:hep-ph/ 0702069v3 
 



 First example 

7 Æ8 ,     28 ς 

ὑ 88  
6 Ὣ ‬ὡ‬ὡ 
Ὣ ‬‬ὑ 
ὠ ὪὪӶ Ὢ  

 SUSY IS BROKEN                    Goldstino 

 

BUT R-SYMMETRY prohibits GAUGINO mass. 



Break R-symmetry! 

7 Æ8 ‭8              28 ς 

ὠ Ὢ ‭8  

8                   supersymmetric vacuum 

 ά
‭ π

π ‭
ά  

 



7 Æ8 

+ 88 88 Ễ       about 8 π 

ὠ ὑ Ὢ
Ὢ

ρ
τὧ
Ώ

88 Ễ
    

    ρ 88 Ễ Ὢ  

A local minimum at ὢ π  



Mass spectrum 

ά
τὪ ὧ

Ώ
 

 

Massless spinor field is the Goldstino. 

 



Breaking  R-symmetry 

7 Æ8 ‭8,    8  : supersymmetric vacuum 

Å        ὠ ὑ Ὢ ‭8 ρ 88 Ễ Ὢ ‭8     

       Ὢ ‭ὼὪӶ‭ӶὼӶὪ
τὧὪ

Ώ
88 Ễ   

 

ᴼ 8
‭ӶΏ
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‭Ḻρ O ὥ ὰὥὶὫὩ ὨὭίὸὥὲὧὩ ὦὩὸύὩὩὲ ὸύέ άὭὲὭάὥȢ 
      The possibility of the Long lived metastable state. 



Mass terms 

Åά   

 

Massless spinor field is the Goldstino. 



Problems of SM SUSY 

Superpartners not observed SUSY breaking 

F-term SUSY breaking R-symmetry 

Explicit R-symmetry breaking Metastable state 

SUMMARY 
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