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A SYMMETRY <= INVARIANCE
A CLASSICAL MECHANICS

A CLASSICAL ELECTRODYNAMICS
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A All fundamental interactions are described
through invariances.
A Lorentz invariance is necessary.

A Lagrangianof QFT has all these symmetries.
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OBSERVED ELEMENTARY PARTICLES
UNTIL2012

ELEMENTARY
PART ILL‘“ S

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



SALAMWEINBERG MODEL

A PREDICTION : HIGAEOSON

AANY PROBLEM?
AYES The gauge hierarchy problem.



Hierarchy problem of the Higgs mass

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

Yukawa coupling
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A GOOD MOTIVATION
FOR SUSY



What does mearsupersymmetry(SUSY)?

A (N= 1) type : for each particle in nature
there Is another one with a difference In
spin by one half :
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A SUSYIntroduces new interactions due to
new particles.
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How to incorporate SUSYNto QFT?




A review onnon-supersymmetric
QFT

A Poincare symmetry (spacetime and Lorentz
transformation)

A Internal symmetry

Gsm = SUB)c ® SU2)r @ U(1)
N c— ——  —
strong electroweak

A CPT symmetry



Poincare algebra




A Limiting algebra to contain only commutation

relations
‘ Only QFT symmetries

A Loosing the constraintO | Tcbnunutation
OAl AOELLN 00

expandingalgebra by

anti commutation relations
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Massless cas@N=1)

A0

/fn

C

A

A = 0 scalar

T
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A= %- fermion

squark
slepton

Higgs

quark
lepton
Higgsino

A =2 fermion ‘ A = 2 boson

= £ fermion | A = 1 boson
photino | photon
gluino | gluon
Wino, Zino | W, Z

gravitino ‘ graviton




How to incorporate N=1 SUSY Into
QFT ?

A Generalization:

A Space® superspace :®w©° ® h—h—
A Field(w ) © superfield(®w h— h—)

A — h— : fermionic coordinates
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A It describes quarks andsquarksor leptons
and sleptons.
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There remainsno Q divergence.



Take a look at nature !

Selectron Squarkhave not been observed.

SUSY must be broken :/8/USY




SUPERSYMMETRY BREAKI



Spontaneous SUSY breaking :

fl 1S supersymmetric, vacuumis not.
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Fterm SUS Yoreaking

Chiral superfield transformation:
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Only{ [) Ttrespects Lorentz invariance.
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Scalar potential
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Energy criterion
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|
IS the Goldstino
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Cambridge Lectures on Supersymmetry and Extra Dimensions,
Lectures by: Fernando Quevedq Notes by: SverKrippendorf , Oliver Schlotterer

SUSY breaking Is apparent.
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Genericallythere Is asolution.



Let’'s invoke to R-symmetry
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Generically there is no solution.



Now consider somemodels!

K.Intriligator and N.Seiberg,Lectureson supersymmetry Breaking
arXiv:hep-ph/ 0702069v3



First example
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SUSY IS BROKEN:> Goldstino

BUT RSYMMETRYrohibits GAUGINO mass.



Break Rsymmetry!
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Noncanonical Kahler potential
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A local minimum at® 711
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Mass spectrum
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Masslessspinor field is the Goldstino.



Breaking Rsymmetry

/ A8 -18, 8 — : supersymmetric vacuum
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The possiblility of the Long livedmetastablestate.
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Mass terms
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Masslessspinor field is the Goldstino.



SUMMARY

Problems of SM ‘ SUSY

Superpartnersnot observed ‘ SUSY breaking

F-term SUSY breaking ‘ R-symmetry

Explicit R-symmetry breaking ‘ Metastable state






