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IST Motivation

Summary

E— Although there is not yet direct experimental evidence for
o Naturalness supersymmetry (SUSY), there are many theoretical arguments indicating
that SUSY might be of relevance for physics below the 1 TeV scale.

SUSY Algebra

MSSM
LEP Results The most commonly invoked theoretical arguments for SUSY are:

LHC Prospects

Beyond MSSM m Interrelates matter fields (leptons and quarks) with force fields (gauge
Conclusions and/or Higgs bosons).

m  As local SUSY implies gravity (supergravity) it could provide a way to
unify gravity with the other interactions.

m  As SUSY and supergravity have fewer divergences than conventional field
theories, the hope is that it could provide a consistent (finite) quantum
gravity theory.

m  SUSY can help to understand the mass problem, in particular solve the

naturalness problem (and in some models even the hierarchy problem) if
SUSY particles have masses < O(1TeV).
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IST The Naturalness Problem: |

Summary m  As the SM is not asymptotically free, at some energy scale A, the in-

Mtia““ teractions must become strong indicating the existence of new physics.

_ _ _ |

SUSY Algebre Candidates for this scale: Mx ~ O(10'® GeV) in GUT's or the Planck
scale Mp ~ O(109GeV).

MSSM

LEP Recults m Theonly consistent way to give masses to the gauge bosons and fermions
LHC Prospects is through the Higgs mechanism involving at least one spin zero Higgs
Beyond MSSM boson.

Conclusions m  Although the Higgs boson mass is not fixed by the theory, a value much

bigger than < HY >~ G;lﬂ ~ 250 GeV would imply that the Higgs

sector would be strongly coupled making it difficult to understand why we
are seeing an apparently successful perturbation theory at low energies.
m [he one loop radiative corrections to the Higgs boson mass

dm% = O (&) A2

would be too large if A is identified with AquT or Aplanck.
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IST The Naturalness Problem: Il

s m  SUSY cures this problem in the following way. If SUSY were exact,
radiative corrections to the scalar masses squared would be absent
SUSY Algebra because the contribution of fermion loops exactly cancels against the
MSSM boson loops.

LEP Results m Therefore if SUSY is broken, as it must, we should have

LHC Prospects

Beyond MSSM

omy = O (g7) Imp —mil

Conclusions

m  \We conclude that

SUSY provides a solution for the the naturalness problem if the masses
of the superpartners are below O(1 TeV). This is the main reason
behind all the phenomenological interest in SUSY.
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IST SUSY Algebra

Summary The SUSY generators carry Spin 1/2 and obey the following algebra

Motivation

SUSY Algebra

e The Algebra
e Simple Results
{Qoza Qﬁ}

e Multipletos

|
-

e Superfields -
MSSM {Qo‘ng} = 0
LEP Results

LHC Prospects {QC\M @B} — 2 (JM)QB P,u

Beyond MSSM

Conclusions

where

ot =(1,0") ; o= (1-0"

and «, 3,¢a, 8 = 1,2 (Weyl 2-component spinor notation).
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IST SUSY Algebra and the Poincaré Group

LDy The commutation relations with the generators of the Poincaré group

Motivation

PHQu=0  [J*, Qul = —i(0")," Qg

e Simple Results

'gﬂu'tif;_'eltjs One can easily derive that the two invariants of the Poincaré group,
e Superfields

MSSM

P? =P, P*  W2=WW* W, =—LteupJ"PP°
LEP Results

LHC Prospects P2 ‘m7 3> — m2 ‘m7 3> W2 ‘m’ S> p— —mZS(S —|— 1) ‘m, S>
Beyond MSSM

Conclusions where W*# is the Pauli-Lubanski vector operator, are no longer invariants of
the Super Poincaré group:

[Qomp2] =0 [QaaWZ] # 0

Irreducible multiplets will have particles of the
same mass but different spin.
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ST

Simple Results from the Algebra

Summary

Motivation

SUSY Algebra
e The Algebra

e Simple Results

e Multipletos

e Superfields
MSSM

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

| Number of Bosons = Number of Fermionsl

Qa|B >= |F' >
QaolF' >=|B >

(-1)NF|B >= |B >
(-D)NF|F >= —|F >

where (—1)"F is the fermion number of a given state. Then we obtain

Qa(—1)"F

~(-)VrQ,

Using this relation we can show that

Tr (=DM { Qo Qa }]

= Tr (-1 Qu@Qs + (~1)"" QuQu]
= Tr [~Qa(-1)"" Qs + Qu(~1)" Q4| = 0

But we also have

Tr |(-1)¥F {Qa, Qa }|
=Tr |[(-1)Vr20h, P,

»

Tr [(—I)NF} = #Bosons — #Fermions = 0

Jorge C. Romao
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ST

Energy of the Vacuum State

Summary

Motivation

SUSY Algebra
e The Algebra

e Simple Results

e Multipletos

e Superfields
MSSM

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

(0|H|0) >0

From the algebra we get

Then

and

{Qh@i} B {QQ,@Q} =2Tr (o) P, =4H

= 2 (@101 + @:Q; + Qi Q1 + 05Q>)

,.|>|r—\

(0|H10)

(11Qx 10} [12 + 11Q1 10) 11 + 11@5 10) 12 + [[@5 [0} |1?)
0

1V

Jorge C. Romao

‘The vacuum state is always positive definite. I
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ST

SUSY

Representations: Massive case

Summary

Motivation

SUSY Algebra
e The Algebra

e Simple Results

e Multipletos

e Superfields

MSSM

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

In the rest frame

{Qa Qs } = 2m Gaa

This algebra is similar to the algebra of the spin 1/2 creation and
annihilation operators. Choose |2) such that

Q1[€2) = Q2[Q2) =0
Then we have 4 states Q) 5 Q1Q) ; Qy|Q) ; Q0,9

If J5[Q2) = j3 [2)

State J3 Eigenvalue

Q) 3 Two bosons and two fermions

Q19 i3 + % states separated by

Q5 Q) j3 — % one half unit of spin.
Q:1Q2 ) J3

Jorge C. Romao
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ST

SUSY Representations: Massless case

Summary

Motivation

SUSY Algebra
e The Algebra
e Simple Results

e Multipletos

e Superfields

MSSM

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

If m = 0 then we can choose P* = (F,0,0, F). In this frame

Qow@d} = Maq

where the matrix M takes the form

0 0
M‘(o 4E)

Then

{2, Qs =4E

We have then just two states

If J5 Q) = A|Q)

all others vanish.

‘Q> ; @2 ‘Q>

State

J3 Eigenvalue

1)
Q2 |V

A
N\ —

DO | =

Jorge C. Romao

Two states, one fermion
one boson separated by
one half unit of spin.
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ST

Superfields for Massless Particles

Summary

Motivation

SUSY Algebra
e The Algebra

e Simple Results

e Multipletos

e Superfields

MSSM

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

Jorge C. Romao

Chiral Superfields: |Spin 0 + Spin %

Qb — gb(Aa wL)

=

A Complex Scalar: 2d.o.f
v, Chiral Fermion: 2d.o.f

Vector Superfields: | Spin % + Spin 1

V=V WH)

=

A Chiral Fermion: 2d.o.f
WH Massless Vector: 2d.o.f

A | ® superpartner of the fermion: sfermion

m superpartner of gauge field: gaugino
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ST

Particle Content: Gauge Fields

Summary -

Motivation

SUSY Algebra

MSSM

Content

e Leptons
® Quarks
e Higgs

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

Jorge C. Romao

Gauge Fields

We want to have gauge fields for the gauge group

G = SU.(3) ® SUL(2) ® Uy (1). Therefore we will need three vector
superfields (or vector supermultiplets) V; with the following

components:
Vi= (VW) = Tv(1)
AQE()\C‘,WQW) — SUL(2) , a=1,2,3
Vs = (G, W) — SU.(3) , b=1,...,8

where W/ are the gauge fields and X', A and g are the Uy (1) and
SUL(2) gauginos and the gluino, respectively.
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IST Particle Content: Leptons

SR, m Leptons

Aetiarion As each chiral multiplet only describes one helicity state, we will need
two chiral multiplets for each charged lepton (We will assume that the
neutrinos do not have mass).

SUSY Algebra

MSSM

Content
e Gauge

Supermultiplet | SU.(3) ® SUL(2) ® Uy (1)

® Quarks

S [ Quantum Numbers

T.— (T . _ 1
LHC Prospects lj\z o (Ej L)Z (1’ 2’ 2)
Beyond MSSM RZ — (eR, g%)z (]_, ]_, ]_)

Conclusions

LEP Results

Each helicity state corresponds to a complex scalar and we have that L;
is a doublet of SUL(2)

- VL e
Li
Li=1 - ; L; = 0,
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ST

Particle Content: Quarks

Summary

Motivation

SUSY Algebra

MSSM

Content

e Gauge

e Leptons

e Higgs

LEP Results

LHC Prospects

Beyond MSSM

Conclusions
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Quarks

The quark supermultiplets are given in the Table. The supermultiplet
Q); is also a doublet of SU7(2), that is

Supermultiplet

SUC(S) X SUL(Q) X Uy(l)
Quantum Numbers

Di = (dRa d%)z (37 17 %)
U; = (ug,ug ) (3,1,—%)
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ST

Particle Content: Higgs Bosons

Summary

Motivation

SUSY Algebra

MSSM

Content
e Gauge

e Leptons
® Quarks

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

Jorge C. Romao

Higgs Bosons

Finally the Higgs sector. In the MSSM we need at least two Higgs
doublets. This is in contrast with the SM where only one Higgs doublet
Is enough to give masses to all the particles. The reason can be
explained in two ways. Either the need to cancel the anomalies, or the
fact that, due to the analyticity of the superpotential, we have to have
two Higgs doublets of opposite hypercharges to give masses to the up
and down type of quarks.

Supermultiplet | SU.(3) ® SUL(2) @ Uy (1)
Quantum Numbers

H, = (Hl,ﬁﬁ (1727—%)
Hy = (Ho, Hy) (1,2, +3)
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IST R-Parity

e Most discussions of SUSY phenomenology assume R-Parity conservation
Motivation Where

SUSY Algebra

MSSM

Rp = (_1)2J+3B+L

Superpotential

®Superpotental | This is the case of the MSSM. It implies:

e Soft breaking
e CMSSM

LEP Results m  SUSY particles are pair produced.
LHC Prospects m  Every SUSY particle decays into another SUSY particle.
Beyond MSSM m There is a LSP that it is stable ( / signature ).

Conclusions

But this is just an ad hoc assumption without a deep
justification. We will see later what are the
consequences of non conservation of R-Parity.
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ST

The Superpotential and SUSY Breaking Lagrangian

Summary

Motivation

SUSY Algebra

MSSM

Superpotential
e R-Parity
e Soft breaking
e CMSSM

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

The MSSM Lagrangian is specified by the R—parity conserving
superpotential W

W = ey {hg@?ﬁjﬁg + h%@fﬁgﬁf + h%iféjﬁf - Mﬁ%ﬁg}

where 7,7 = 1,2, 3 are generation indices, a,b = 1,2 are SU(2) indices, and
e is a completely antisymmetric 2 X 2 matrix, with €120 = 1. The coupling
matrices hir, hp and hg will give rise to the usual Yukawa interactions
needed to give masses to the leptons and quarks.

If it were not for the need to break SUSY
the number of parameters involved
would be less than in the SM.
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ST

SUSY Soft Breaking

Summary

Motivation

SUSY Algebra

MSSM

Superpotential
o R-Parity

e Superpotential

e Soft breaking

e CMSSM

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

The most general SUSY soft breaking is

— LsB

+myy, HY*HY +my, HY Hy — [

MPQi Q5 + My*T,U; + ME*DiD} + ML LS + M RiR;

1 1 1
§M3)\3)\3 —r §M>\)\ + §M/)\,)\, + hC]

e |AGhGQIT; HE + AP QD HY + AL R, HY — BuH{H})

Parameter Counting I

Theory Gauge Fermion Higgs
Sector Sector Sector
SM e,g,as | hy,hp,hg D)
MSSM e,g,as | hy,hp,hg L4
Broken MSSM | e, g, a5 | hy, hp,hg | w, My, Ms, M3, Ay, Ap, A, B
mdy, m, md,m,mb, m2, m}

Jorge C. Romao
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ST

The Constrained MSSM

Summary

Motivation

SUSY Algebra

MSSM

Superpotential
o R-Parity

e Superpotential
e Soft breaking

e CMSSM
LEP Results

LHC Prospects

Beyond MSSM

Conclusions

The number of independent parameters can be reduced if we impose some
further constraints. The most popular is the MSSM coupled to NV =1
Supergravity (SUGRA).

Ay=Ay=A, = A,

2 2 2 2 2 2 2 2 2
mHl—mH2—ML—MR—mo,MQ—MU—MD—mo,

Mz = My = My = My

| Parameter Counting I

Parameters Conditions Free Parameters
he, hy, h-, v1, v2 | mw, Mg, My, M tan 0 = v /v1
A, B, mg, My, p| t;=0,i=1,2 | A mog, My, sign(p)
Total = 10 Total = 6 Total = 4+"1"

It is remarkable that with so few parameters we can get the correct
values for the parameters, in particular m%b < 0. For this to happen
the top Yukawa coupling has to be large which we know to be true.
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ST

The Chargino Mass Matrices

Summary

Motivation

SUSY Algebra

MSSM

Mass Matrices

e Scalar Higgs
e Higgs Mass RC

e Sleptons

e Spectra

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

The charged gauginos mix with the charged higgsinos giving the so—called
(=Xt HY) and =T = (—iXx—, Hy),

the chargino mass terms in the Lagrangian are

charginos. In a basis where ¢! =

Lo =307 (3

0

) () e ne

where the chargino mass matrix is given by

Mo =

Mo

%9711

%902

14

and My is the SU(2) gaugino soft mass. We can write this as

Mc =

Moy

vV 2myy cos 5]

V2myy sin 3
L4

Jorge C. Romao
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IST Neutral Higgs Mass Matrices

Summary

otivation ta’n 6 _ 1 COt 6 — 1
. Mo = B+
SUSY Algebra . 1 cot 5 - 1 - 6

MSSM

mQZ sin? 3

DN —

Mass Matrices

Y with masses

e Higgs Mass RC
o Sleptons m%H = 5 [mi +m2 F \/(m?4 +m%)? — 4m?%m?, cos 25}

® Spectra

—

LEP Results

LHC Prospects tan 6 _1 B/J
Beyond MSSM M7, = By | with mass | m? =

Conclusions

|Sum Rule I

m%%—m%{:mi%—m%

mp <ma < mg

mp < mgz < mg
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fiy 1ST

Higgs Boson Mass: Radiative corrections

Summary

Motivation

SUSY Algebra

MSSM

Mass Matrices

e chargino

e Scalar Higgs

e Higgs Mass RC

e Sleptons

® Spectra

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

As the top mass is very large there are important radiative corrections to
the Higgs boson mass. The most important are:

2 4 = N 2
9 (0)2 39 My My, My,
mp, = my, "~ + 16722 sin2 In 1
Tmy, sin” 3 m;
t =2 t =10 |mh with RC
1000 E T |anﬁ T T E 1000 E T finﬁ T T E E T T T T T E
I // - " // 140 F -
/ / = tlan B |= 10//5
10— - 100 ——=x . _F ]
% - / ] % C k\ ] % C // ]
S / 18 i ] G0t :
g LN, 1 g | . A / :
@ © Y C | —
= 1O§ § > 10§ § ElooE — :
A //
- i _ - 80 F .
C F-tan 3 = 2 1
1: 3 1: 3 E E
: z : 5 60— f
0 100 200 300 400 0 100 200 300 400 0 200 400 600 800 1000
mH+ (GeV) mH_|_ (GeV) Tht17t2 (GeV)
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ST

Sfermion Mass Matrices: Sleptons

Summary

Motivation

SUSY Algebra

MSSM

Mass Matrices

e chargino
e Scalar Higgs
e Higgs Mass RC

® Spectra

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

As an example of the sfermion mass matrices we have

2 2
, (Mip Mg
My = ) ) |6><6:4Block53><3l
MRL MRR
where
M3, = s vihphh + M? — 1 (2m3, — m%) cos 203
MZp = 2 vi hLhy + M3 — (m%, — mi,) cos 203
2 * *
Mjpg % Ap — M\% e
2 2 T
MR — ¥ LR

Jorge C. Romao
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fiy 1ST

Example of Spectra

Summary
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SUSY Algebra

MSSM
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e chargino

e Scalar Higgs

e Higgs Mass RC
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LEP Results

LHC Prospects

Beyond MSSM

Conclusions
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IST Couplings in the MSSM
Summary Name Type Name Type
Motivation Gauge VVV 4-Point VVff
SUSY Algebra Self-Interaction VVVV Coupling HHVV
MSSM 3-Point Gauge VIf HGVV
e | | | CouPline Vif GGVV
oW VXX ffHH
o VWV-VVVV VHH ffGH
et VGH JIGG
LEP Results VGG frfr
LHC Prospects 3-Point Higgs Hff Goldstone-Higgs | HHG
Beyond MSSM Coupling Hff Interaction HGG
Conclusions HXX HHHG
HVV HHGG
3-Point Goldstone | Gf f HGGG
Coupling Gff GGGG
GXX Ghost ww V
GVV ww H
Other 3-Point ffx ww G
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fiy 1ST

Gauge Self-Interactions: V'V V

Summary

Motivation

SUSY Algebra

MSSM

Couplings

e couplings

o VVV+VVVV

e Unification

o New vertices

LEP Results

LHC Prospects

Beyond MSSM

Conclusions

Jorge C. Romao

‘Test of the Triple Vertices I

W'

2 3

Oy (PD)

30 | l | l 16/07/2002
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20- -
A é — T Y
A p — ]
t
10 - -
YFSWW/RacoonWW
p _...no ZWW vertex (Gentle) .
A __..only v, exchange (Gentle)
0) . I !
160 180 200
Vs (GeV)
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Gauge Self-Interactions: Asymptotic Freedom

Summary
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SUSY Algebra

MSSM

Couplings

e couplings
o VVV

(AAAERAAAY

o Unification

o New vertices

LEP Results

LHC Prospects

Beyond MSSM

Conclusions
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Asymptotic Freedom: Gross, Wilczek & Politzer showed

that for high energies the strong interactions become weak
(Nobel Prize 2004)

as(Q)
1 < a4(Q) fit at single energy

<~ :I: Ostat.
<« £ Ototal

0.125

Test of VVV + VVVV

. 0.120
Interactions

0.115

LEP QCD
Working Group » 0110

0.105

0.100

100 150 200
Q (GeV)
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Gauge Couplings Unification

Summary
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Standard Model I

g1
g2
g3

60

Supersymmetry I
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Log(Q/GeV)
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Quantum
Chromodynamics

Introduction to SUSY — 29



1@'|ST

Examples of New Couplings: Conserving R-Parity
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W+ a W+ Y
0 0
Y X X Y
W~ %4 X~ X

e~ € e~ . €
0 d A ,’/
\LV\»< » —<—§X ¢ XO J ¢
. ’V\/\/\N\/‘(\
et et et et

Rule: Change any two lines into the superpartners.
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iy 1T Higgs Boson

Summary

200 2 T T T T 1 111 6 M imit = 144 GeV
Motivation — High Q" except m,
| Y G _ :
SUSY Algebra ] 68% CL T 5\ ¢ i Ady g = |
— 0.02758+0.00035
MSSM ] ] T 2 0.02749+0.00012
4 - +++ incl. low Q? data -
LEP Results |
S 1 % s -
e Charginos ... (&) < 3 |
e Neutralinos 9, 180 - 1 5 i
e Dark Matter - |
LHC P = - |
rospects 1 ]
Seend KBS 0 | Excluded \& /. Preliminary |
Conclusions 30 1(|)0 300
Excluded — +69
2 3
10 10 10
m, [GeV] My < 260 GeV @ 95%CL

My > 114.4 GeV
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iy 1ST Limits on Charginos, Sneutrinos & Sleptons

Summary
Motivation 105 T T T . }/S = 183-208 GeV ADLO

] ] a9
SUSY Algebra ] tanp=2  p=-200 GeV ] §1OO &hen
MSSM 1044 ADLO Vs >206.5 GeV . 3
LEP Results / E 2><80 I
e Higgs 103 | ]
. ; ~
e Neutralinos 8 i 60 I
e Dark Matter L Loz 9 |

s . 5 d

LHC Prospects _ . 40 o N

7 — i Serv
Beyond MSSM 1L i I

- o Expected
Conclusions 1 i 20
E ~ Excluded at 95% CL
] 1 - . |
] Excluded at 95% C.L. i 0 i ‘(u‘—‘ZOC‘)(‘Be\‘//(‘:,‘tar‘]B‘l.‘S)‘ e
” 200 400 '~ 600 800 1000 50 60 70 80 I?Aq ( Ge:\l-/c}(():g)
Mv (GeV) I

Limits on Xi, 1T ~ 100 GeV.
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fiy 1ST

Limits on Neutralinos
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IST Neutralino as Dark Matter

Summary mo (Gevl) |

Motivation 3000 | | |
SUSY Algebra 7
MSSM 2500
| ‘ LSP=y" I
LEP Results -

oHiggs 2000_

e Charginos ...

e Neutralinos

e Dark Matter |
1500/
LHC Prospects

Beyond MSSM

1000}

Conclusions

500}

0o 500 1000 1500 2000
m1/2 (GeV)

‘ Black lines: Neutralino consistent with dark matter. I
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LHC Overview

Summary
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o LHC Overview
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Conclusions
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The Large Hadron Collider (LHC)

Superconducting
magnets [

LHC-B

Compact Muon Solenoid

Beams Energy Luminosity
LEP e+ e- 200 GeV 10*2cm?s
P p 14  TeV 103

LH
c PbPb 1312 TeV 10?7
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fiy I1sT Basic Physics at LHC

Collisions at LHC

Summary

Proton-Proton (2835 x 2835 bunches)
Protons/bunch 10%

Beam energy 7 TeV (7x10* eV)
Luminosity 103 cm= s?

Motivation
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LEP Results

LHC Prospects Crossing rate 40 MHz

e LHC Overview
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Beyond MSSM L
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Conclusions Particle '
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SM Higgs at LHC: Two photons
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Higgs to 2 photons (M, < 140 GeV)

H° — yy is the most promising channel

Y if M, is in the range 80 — 140 GeV.
The high performance PbWO, crystal
p H / P electromagnetic calorimeter in CMS
— > ‘ -— has been optimized for this search.
The yy mass resolution at Myy~ 100
GeV is better than 1%, resulting in a
Y S/B of =1/20

8000 -'\I\
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§ 7000 |- L

5 1

2 N
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05000 - “*‘

IS

: N

W 4000 b Lml“u
o L | L | L |
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SM Higgs at LHC: Four Leptons
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Higgs to 4 leptons (140 < M, < 700 GeV)

In the M, range 130 - 700 GeV the most
promising channel is H® - ZZ*_, 2¢* 2¢-
or H® - ZZ - 2¢* 2¢-. The detection
relies on the excellent performance of the
muon chambers, the tracker and the
electromagnetic calorimeter.

For M, <170 GeV a mass resolution of
~1 GeV should be achieved with the
combination of the 4 Tesla magnetic field
and the high resolution of the crystal
calorimeter

*
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SUSY Higgs bosons
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2U3Y Algebra © vV bosons: h°, H° A° and H* decaying
MSSM T ! through a variety of decay modes to
LEP Resul D H f y, €, 1%, T and jets in final states.
Ssuts P Below left: an example of a SUSY
LHC Prospects Higgs decay to t T in CMS. On the
e LHC Overview T / T right is the reconstructed 1T mass
e Basic Physics spectrum
T Vv
e H: 2photons T 1
e H: 4Leptons
e SUSY Higgs
e SUSY at LHC A% H° h° - ™~ > elp+ Tiet + Etmlss
e Sparticles | i in Ibb|'l|suslv f'nlal Stlatesl |
e Sparticles Il 140 | 3%104 pbl  m,=300GeV,tanp=40 —
% with b - tagging
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SUSY Higgs: discovery ranges
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Sparticles at LHC
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SUSY event with
3 leptons + 2 Jets signature

Sparticles

Production of sparticles may reveal
itself though some spectacular
kinematical spectra, with a
pronounced "edge" in the ¢*¢ - mass
spectrum reflecting x.,° - €€ ~x.°
production and decay.

An example of such a spectrum in
inclusive ¢*¢ -+ E™* and of a 3 £*
production event are shown below

Inclusive €7 ¢+ ET‘SS final states

250 mMSUGRA parameters 8

m,= 200 GeV, m,, = 160 GeV,
tanB =2, A;=0, u<0

E™SS > 100 Gev

>

5]

S pi?>15GeV
@ Lint = 103 pb1

<

o SUSY + SM

1]

50

0 50 100 150 200 250
M ((+07), GeV
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Sparticles: discovery ranges
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Motivation Domains of mMSUGRA parameter space (m,,my,)
where various spatrticles can be identified

Gluinos and squarks can be
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1000 B ol N\_fanB=2Ag=0,u<0 10%pb* searched for in various
MSSM channels with leptons + E ™
LEP Results + jets and discovered for

masses up to ~ 2.2 TeV.
Sleptons can be discovered

800
LHC Prospects

e LHC Overview

> for masses up to ~ 350 GeV.
e Basic Physics . 600 The region of parameter
e H: 2photons £ space 0.15<Q h?<0.4 —
e H: 4Leptons where LSP would be the
e SUSY Higgs ool Cold Dark Matter particle —
e SUSY at LHC | is contained well within the
e Sparticles | explorable region
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Beyond MSSM L

Conclusions
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Sparticles cannot escape discovery at the LHC
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Bilinear R-Parity Violation: The Model
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‘Same particle content as the MSSM I

m [he superpotential W is

W = ey [hg@?ﬁjﬁﬁ +h3QD;HY + h3LYR; HY
—Mﬁgﬁl3+@23ﬁlﬂ

where 7,7 = 1,2, 3 are generation indices, a,b = 1,2 are SU(2) indices.

m [he set of soft supersymmetry breaking terms are

Viogt = VM Mteo, Bie; L¢H}

S

M.A. Diaz, JCR, J.W.F. Valle, Nucl.Phys.B524:23-40,1998

Introduction to SUSY — 43
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SR | Before SUSY I | After SUSY I
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MSSM g C g i
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LEP Results E =
LHC P M N
rospects = a
Beyond MSSM 5; 1 : :;:\ 1
e The Model g - S :
= =05l
e Solar Angle m . ~ ]
Conclusions 10—1 :.-.
i 0.1+
10—2 * L] ! Lo Ll ‘ ‘ o | o | -
5102 101 05 1 | 0.1 0e 1 s
tan® 0y, tan® 0,4,

W. Porod, M. Hirsch, JCR, J.W.F. Valle
Phys.Rev.D63:115004,2001 My =120 GeV, p = 500 GeV, tan 3 = 5

mo = 500 GeV, A = —500 GeV.
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Stau Decays and the Solar Angle
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IST Conclusions

=i Although there is not yet direct experimental evidence for
Motivation supersymmetry (SUSY), there are many theoretical arguments indicating
SUSY Algebra that SUSY might be of relevance for physics below the 1 TeV scale.
MSSM
LEP Results
LHC Prospects ‘;"\'
Beyond MSSM .
. ) &y
\‘ q - |
\&‘\\\ ~ 5 Nz [ l i
) )

We will be waiting for the LHC verdict!

Lots of things to be done by Experimentalists and Theoreticians
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