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Why do we love SUSY?

v Unifying various spins SUSY opens the road
toward unification with gravity
Local SUSY = Theory of (super)gravity

Unification Theories

Electricity and magnetism are different
manifestations of a unified "electromagnetic”
force. Electromagnetism, gravity, and the
nuclear forces may be parts of a single
unified force or interaction. Grand
Unification and Superstring theories
attempt to describe this unified
force and make predictions
which can be tested with
the Tevatron
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Why do we love SUSY?

v Unifying various spins SUSY opens the road
toward unification with gravity

Local SUSY = Theory of (super)gravity

v Unifyes the gauge couplings of the SM towards
Grand Unified Theory (GUT)

v Stabilizes the GUT theory (hierarchy problem)
v Provides the Dark Matter particle (WIMP)

Hot DM
/ (not favoured by

Dark Matter in the Universe: galaxy formation)

\ Cold DM — -

(rotation curves
of Galaxies)
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Why do we love SUSY?

v Unifying various spins SUSY opens the road
toward unification with gravity

Local SUSY = Theory of (super)gravity

v Unifyes the gauge couplings of the SM towards
Grand Unified Theory (GUT)

v Stabilizes the GUT theory (hierarchy problem)

v Provides the dark Matter particle (WIMP)

v Provides the first integrable 4-dim quantum theory
(N=4 SYM)

N=4 maximally Supersymmetric Yang-Mills theory
shows all the features and seems to provide the first
integrable model in 4 space-time dimensions
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Why do we love SUSY?

v Unifying various spins SUSY opens the road
toward unification with gravity

Local SUSY = Theory of (super)gravity

v Unifyes the gauge couplings of the SM towards
Grand Unified Theory (GUT)

v Stabilizes the GUT theory (hierarchy problem)

v Provides the dark Matter particle (WIMP)

v Provides the first integrable 4-dim quantum theory
(N=4 SYM)

v Stabilizes the string as an origin of a unified

superstring theory 5 N6 tachions



Accelerators

Where is SUSY?

Telescopes

Underground
facilities
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A spacetime \ /

@ Small Extra
imension

Kaluza-Klein Picture

oL

Grassmannian extra dim

New Dimensions

4D Brane

/ Large Extra
Dimension
NN—
/ graviton
Brane-world Picture
Superspace
B Grassmannian
b
a,/,,U/ ea’ Ha numoers
uw=20,1,2,3 a,a=1,2
0101 = 0207 =
N
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Superalgebra

Superspace
(Super) Algebra T, — Ty, 0,04
Lorentz Algebra /
| Grassmannian T =12
[B,E]1=0, [P, M ]1=i(g,F -8.F) parameters 92 _( g2 = (0
[MW 9Mpo ] = i(gvauo - g\/oMup - gMP VO + gquvp )’ SUSY Generators
SUSY Algel_ora 0. = —iol, o M
10,,P1=10;,P,]=0, 0, =—-1+8,0.,0,
i w B A _ _10i(~ b
[QaaMMv]—z(Ouv)aQﬁﬂ[Q(i’MM\’]— 2 B(OW)O“ Q02L=09 é(i:()
i A i
1=20"(0") . P
{Qﬂ ? Q B } ( )Otﬁ u Supertranslation

a)dQBDB =1)2; i’j=1729"'7N' c e 5 n
5y = 4By = oyt — 6@ y0)

0 — 0+¢,
0—0+¢
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Superfield in Superspace

N=1 SUSY Chiral supermultiplet: ®(, 6) E;(faamnzitzrr] over grassmannian

superfield spin=0 spin=1/2

¥ »
\D(.\',H) = A(y)+ \/591//(.\’) +00F(y) €= Auxiliary field

— v+ 000 02=00,, 02=02=0! (unphysical d.o.f.
(y=x+i ) g V2> T 2 "eedad
= A(x)+i6c" 65)“ A(x)+ 666000 A(x) to close SYSY

algebra )

20y (x)— i /72660,y (x )g'”é +00F (X)4== component fields

Gauge supermultiplet:

V(x,0,0)=C(x)+By (x)— iy (x)+i00M(x)—i00M*(x)

00 "0v, (x)+0007% +iEMBMx(x)]fgée[k(xb(c“@ui(x)]

spin=1 +%6666[D(x) +50C(x)] spin=1/2
Auxiliary fields .
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SUSY Multiplets

scalar spinor

helicity -1/2 0 172

7
Chiral multiplet N =1, A=0 | 4 e 1 o 1| (@)

Vector multiplet 7 =1, A=]/2 | Delieity 11212 1} (A, 4,)

Hofstates 1 1 1 1 / \

spinor vector

Members of a supermultiplet are called superpartners

N=4 SUSY YM helicity -1-1/2 0 1/2 1
A=-1 # of states 1 4 6 4 1
N=8 SUGRA helicity -2-3/2-1-1/201/2 1 3/2 2
=-2 # of states 1 8 28 56 70 56 28 8 1
N <4 S+— o N =4  For renormalizable theories (YM)
N <8 For (super)gravity
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Simplest (N=1) SUSY Multiplets

Bosons and Fermions come in pairs

(@, y) (h.4,) (2.2)

0 Spin1/2 Spin1/2 Spin 1 Spin 3/2 Spin 2
{2

O
> &

3
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Minimal Supersymmetric Standard
Model (MSSM)

© SUSY: # of fermions =# of bosons N=1 SUSY: ((p A ) (A, Au)
© SM: 28 bosonic d.o.f. & 90 (96) fermionic d.o.f

There are no particles in the SM that can be superpartners

SUSY associates known bosons with hew fermions
and known fermions with hew bosons

© Even number of the Higgs doublets — min = 2
Cancellation of axial anomalies (in each generation) I
Tr Y’ = 3(£+L+-8+2)-1-1+8=0 Higgsinos

colour u, d, u, d, v, e e, 1+1=0
14

14



Particle Content of the MSSM

Superfield Bosons Fermions SU.3) SU,(2) U,(1)
Gauge
€ gluon ¢g° 8 1 0
yk Weak W*W*,Z) 1 3 0
V' Hypercharge B(y) 1 1 0
Matter .
Z sleptons < gi _ leptons {z ==(;: - 1 ? _21
O, 0, = (0, =(u,d), 3 % I3
U, squarks { {#f8 quarks { U. =u? 3 1 —4/3
D, D, = D.=d; 3 1 2/3
Higgs

H _
f, Higgses {Hl higgsinos { - 1 3 1
H, H, H, 1 2 1
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How to write SUSY Lagrangians

* 1st step
Take your favorite Lagrangian written in terms of fields
» 2" step

Replace Field ((p,lP,AM) — Supel”ﬁeld (D,V)

» 31d step
Replace

Action =fd4x L(x) ey fd4x d0 L(x,@,é)

Grassmannian integration in superspace f do_, =0, f eﬁ do, = 6a6

16
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The MSSM Lagrangian
L=L + L + L

gauge Yukawa

The Yukawa Superpotential /Superﬁelds
Wy = vy O U + v, O, H\ Dy, + yLL HE, + wh H,

AT

Yukawa couplings Higgs mixing term

SoftBreaking

Wyw =ML L E+ }LI',LLQLDR * M'LLHZ + AU D Dy

=

Violate: Lepton number Baryon number hese terms are

: forbidden in
6 -9
A oA <107, A, <10 the SM
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R-parity
B - Baryon Number
R = (_)3(B—L)+2S The Usual Particle : R =+ 1 L - Lepton Number

SUSY Particle : = -1 S - Spin
The consequences: ]; O o
* The superpartners are created in pairs ot / / O

 The lightest superparticle 1s stable ®

e
] /|
 The lightest superparticle (LSP) p ® O p
should be neutral - the best candidate
is neutralino (photino or higgsino) %,
e [t can survive from the Big Bang and

form the Dark matter in the Universe
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Interactions in the MSSM

. Y ]
ﬁ ..i.. ? ..
q q qL.R ,.-( *o.,‘_i LR q ‘...:}‘ LR

3 s e B

s 4 ~ieqg(p+ p')u -"“3«—\/-;1"l

Z.y

,A/E\g /E\ /\ Wy Vi -
ig. [ ig. f* g
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Super'par"rner's Pr'oduc:'rlon 01' LHC

2 L) : L)
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Decay of Superpartners

neutralino

~0 ~0
X, > x, I+

P -V, Vv

Final states

[T + .

2 jets +ﬂT
Y+ A

7z,
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