nimal supersymm
standard m

Yasaman Farzan
IPM, Tehran
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Bosons

Fermions




Elementary particles
Main forces in Standard Model (SM):
Gravitation

Electrodynamics -
Weak interaction wE 70

Strong interaction

Higgs ?!
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Remlinoer
Quantum mechanics
(schrodinger equation)

[

Special relativity

Quantum field theory (Dirac Equation for
fermions)
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Antimatter -
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of the electron?
of the muon?

of the tau?

of the up-quark?
of photon?

of the Z boson?
of the neutrino?




Modern question: Are the ncut o
and 2 tineutrino the same
particles

More technically: Are neutrinos of
vz orana nature



Supelrsynmmetry

Each particle has superpartner with
exactly the same quantum numbers but

with different spin.

Fermion | > sfermion

Boson I > name-+ino
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Electron
Muon
Tau

Top
Neutrino

sguark
slepton

(-

Selectron
Smuon
Stau

Stop
Sneutrino



How many degrees of freedom
does a Dirac fermion such as
electron have?
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Higgs Higgsino
Gluon Gluino
W WIino
Photon 27?7

Z ?27?7?

Neutralino E,'a sneutrino
Chargino
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Theoretical motivation
Hierarchy problem
Quest for Unification

Observational Motivation

Dark matter candidate
Neutrino mass
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nREISrences

Martin, A supersymmetric primer,
Hep-ph/9709356 (last update)

Peskin’s lecture notes

With his permission, | shall Adwidely use his material in the following but | have
ded some other material of my own, too.


http://www.slac.stanford.edu/~mpeskin�

V = p®|ol* + Ael*

with 12 < 0 .
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Electroweak precision data

because of a new

shift symmetry » little Higgs models
gauge symmetry » extra dimension models

chiral symmetry » supersymmetry models
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Uniffication

Electric force [:::]
Magnetic force

Electromagnetism (prediction??)
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Unirication

Electromagnetism [:::]

Weak Interaction

Electroweak Interactions
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Prediction??
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Grand
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Can [, vanish?




Consider an arbitrary state

(W] {Qa, QLY [¥) = (0] QuQL, [¥) + (0| QL Qo V)

Either charges nullify all states or [{/, IS
a non-zero conserved vector field.
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(01.Q1} =2E—P%)  {Q2.Q1} =2(E + P?)
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v single state [¢).
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You be selective when
you supersymmetrize a theory.






Other possibilities with closed
representation A/ — 9 4‘

N > 8

requires spin larger than 2



Two spin half representation:

Y1 L CYP2L

A Lorentz invariant:

transforms like right-handed
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L= 1/)};?25- OV, — (mjkl/J;-rCZDk - m;fkd);[m/);;)

m:ip. — O m ives a Dirac fermion
k= \m 0 3

mji = mojj. gives a Majorana fermion
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{Q1.Q1} = 2(E - P?) {Q2.Q} = 2(E + P?)

01({Q1, Q1) + {Q2,Q5}1)|0) = 4(0[H|0) > 0

m energy vanishes if and only if

Q. [0) = Q! |0) =0
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uum energy vaishes!

=0




L = 0" ¢* O + V1T "0t — |me + AP?|?

—l(m + 220) ! e + l(m + 2X0)* YT e




(no diagrams)
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Non=renormalization theoremn

Super-potential does not get
renormalized!

(As far as SUSY Is exact!)
However, field strength does

1) +©+ Y —90/0 P ¢ +©+ b — —j{jZ}jz

We should then renormalize the fields.
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Super-field d(x.0.0)
How can we define susy transformation?

Simplest guess: 0 — 0+ &

But does not work {d¢,0,} =0






Let us define
O
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[Dr_iu Qﬁ] — [Ear Q.{;] = ()

Definition of chiral superfield D & =0

Dr::l((l} T dcﬂq}) =0



O(2,0,0) = O(x + 0570, 0)

expansion:

O(x,0) = o(x) + V20" cp(z) + 01 ch F ()
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f d*0 K(®,®) + / d?0 W (d) + f d?0 W (®)

potetial




SuUperglrapns

Feynman rules Iin superspace

Radiative correction / | d*0 X ( 0J 6)

Non-renormalizability of the superpotential
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