


Reasons for the negative mass of the Higgs

Higgs is affected by the top quark Yukawa coupling, but so are the stops. So, why
does the Higgs mass becomes negative and not the stop ones !

There are three main reasons. First, the stops receive a positive contributions
coming from their quark-gluino interactions, which is proportional to the gluino
mass. This is model dependent, since the gluino mass might be very small.

The second, most important reason, is that the Higgs couples to three Dirac
fermions (three colors) and their superpartners, while the right-handed stop of
a given color couples to only two (due to the doublet structure). Finally the
left-handed stop of a given color couples to only one Dirac field. This 3:2:1
relation makes the negative contribution to the Higgs more important than the
one of the stops.

: : 2 : : :
Finally, there is the 75 factor that acts like an external magnetic field in a
spin system and induces the presence of non-vanishing Higgs v.e.vs even if
the masses would be positive.




Gluino Contributions to the Stop Masses




Comments on Minimal Supergravity Spectrum

» The previously presented spectrum depends strongly on the condition of
equality of sfermion and gaugino masses at the GUT scale.

» Setting, for instance, different masses for particles of different
quantum numbers at the GUT scale could lead to a very different
spectrum.

* In general, very little is known about the supersymmetry breaking
parameters and one should NOT make conclusions about the Tevatron
and/or LHC reach for SUSY based on strong assumptions about them.

» In particular, although it is clear that the LHC has a larger reach, the

Tevatron one is not at all negligible, and one should be open to the
possibility of a SUSY discovery before the start of the LHC !
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Unification of Couplings

e The value of gauge couplings evolve with scale according to the
corresponding RG equations:

oz@'(lQ) B 2b_7i71n (MQZ) T 1 (8)

e Unification of gauge couplings would occur if there is a given scale at
which couplings converge.

1 b3 — bg 1 b3 - bl 1
= + (9)
C\lg(Mz) bl — bg C\ll(Mz) bg — bl OéQ(Mz)

e This leads to a relation between as(Mz) and

sin? Oy (Mz) = o™/ (an+@25M).
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Rules to compute the beta-functions

e The one-loop beta-functions for the U(1) and SU(N) gauge
couplings are given by (Q = T3 +Y),

gbl = —ng:y? - é;yg

11 N ny ns 2N
by = I 10
N 3 3 6 34 (10)

e In the above, yr s are the hypercharges of the charged chiral fermion
and scalar fields, ns s are the number of fermions and scalars in the
fundamental representation of SU(N), n4 are fermions in the adjoint
representation and the factor 5/3 is just a normalization factor, so

that over one generation

Tr [T°T°] = gTr Y7 ] (11)
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e The coupling ¢g; is not asymptotically free, but becomes strong at
scales far above Mp;, where the effective theory description breaks

down anyway.

e A full generation contributes to the same amount to all S-functions.

It does not affect the unification conditions. (G5} = —4/3;
SUSY _ —9 )
gen .

e Only incomplete SU(5) representations affect one-loop unification.

M = —41/10, 5™ =19/6, WIM =T7.
pyVSY = —-33/5, ;%Y =1, VY =3 (12)

Mg = Mgz exp [(m - a2(J1\42)> b22_7rb1]

1 ba — b 1 ba — b 1
L bs—by L s = b (13)
as(Mz) by —byas(Mz) by —byar(My)
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Results

by = —6 — 3Ny /5, by = — Ny, bs =3

1/a1(Mz) ~ 60 1/as(Mz) ~ 30

In the above, Ny is the number of pair of Higgs doublets. With these

results we can compute the strong gauge coupling at M

1 15-7Ng

— = 30 1

The result depends strongly on the number of Higgs doublets. For Ng
equal to zero, we get ag(Mz) = 1/18 ~ 0.05. For Ny = 1, instead, we get
as(Mz) >~ 0.120 !! Excellent prediction !

For Ny = 2 we get, again, a very bad result az(Myz) ~ 1.

Finally, for Ng =1,

Mg = Mz exp(30 x 2 x (5/28)) ~ 1015GeV

Grand Unification scale is very close to the Planck scale, suggesting a

Unified description of particle interactions.




SM: MSSM:

Couplings tend to converge at Unification at aqyr ~ 0.04

blgh energies, but unification and Moy ~ 1016 GeV.
is quantitatively ruled out.
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Remarkable agreement between Theory and Experiment!!
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supersymmetry

fermions <« ~__—~— bosons
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Photino, Zino and Neutral Higgsino: Neutralinos

Charged Wino, charged Higgsino: Charginos

No new dimensionless couplings. Couplings of supersymmetric particles
equal to couplings of Standard Model ones.

Two Higgs doublets necessary. Ratio of vacuum expectation values
denoted by tan 3




Lagrangian in terms of Component Fields

e The supersymmetric Lagrangian has the usual kinetic terms for the
boson and fermion fields. It also contain generalized Yukawa
interactions and contain interactions between the gauginos, the scalar
and the fermion components of the chiral superfields.

ESUSY = (DIUJA@)T DAl -+ (EQZZ'O"LLDMIM + hC)

(o) + ( NGHD )\a+hc>

!

4

1 . * a

_ (5 DADA, ¢Z¢] z\/igAiTawL)\ —I—h.c.)
V

(F;, F, DY) (1)

e The last term is a potential term that depend only on the auxiliary
fields




Minimal Supersymmetric Standard Model

SM particle

SUSY partner

Gswm

(3,2,1/6)
(1,2,-1/2)
(3,1,-2/3)
(3,1,1/3)
(1,1,1)




Supersymmetry Breaking Parameters

Standard Model quark, lepton and gauge boson masses are protected by
chiral and gauge symmetries.

Supersymmetric partners are not protected.

Explanation of absence of supersymmetric particles in ordinary
experience/ high-energy physics colliders: Supersymmetric particles can
acquire gauge invariant masses, as the one of the SM-Higgs.

Different kind of parameters:

Squark and slepton masses mg, mlg
Gaugino (Majorana) masses M;, i=1-3
Trilinear scalar masses (f} frH;) Ay, -p* (This last one comes

from the scalar potential derived from the superpotential |0P/9A;|?.
They induce mixing between left and right sfermions.
Higgsino Mass 1+ and associated Higgs Mass Parameters

)% + m?{ (The first term may be derived from the superpotential).
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Minimal Supergravity Model

e The simplest possibility is the case in which all scalar masses are

universal and flavor independent at a certain scale.

e In the minimal supergravity model, for example, one assumes that all
scalars acquire a common mass mj at the Grand Unification scale

e In addition, since gauginos belong to the same adjoint representation,
one assumes that all gauginos acquire a common mass M, /5 at the

GUT scale

e These two parameters must be complemented with a value of the
parameter u at Magur.

e For the Higgs sector it is assumed that m; = |u|* + m7; , with

myg, = mMy.

e Finally, all the trilinear parameters A;;; are assume to take a

common value Ag.
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Renormalization Group Evolution

One interesting thing is that the gaugino masses evolve in the same
way as the gauge couplings:
d(MZ/&Z)/dt = O, dMZ = —biOéiMi/Zlﬂ', dOéi/dt = —bi&?/llﬂ'

The scalar fields masses evolve in a more complicated way.
drdm?/dt = —C'AMZay, + |Yijk|?[(m? + m? +m3 + A?jk)]/élﬂ'

There is a positive contribution coming from the gaugino masses and
a negative contribution proportional to the Yukawa couplings.

Colored particles are affected by positive, strongly coupled
corrections and tend to be the heaviest ones.

Weakly interacting particles tend to be lighter, particular those
affected by large Yukawas.

There scalar field Hs is both weakly interacting and couples with the
top quark Yukawa. Its mass naturally becomes negative.

21




Low Energy Masses in Minimal Supergravity Model

All scalars acquire a common mass mj at the Grand Unification scale
All gauginos acquire a common mass M /o at the GUT scale
Masses evolve differently under R.G.E. At low energies,

Squark Masses: m% ~m2+6 M12/2

Left-Slepton Masses m% ~ mg + 0.5 ]\412/2

Right-Slepton Masses m % =~ mg + 0.15 M7,
Wino Mass My = 0.8 M /5.

Gluino Mass M3 = g—zMg

Bino Mass M = g—;Mg

Lightest SUSY particle tends to be a Bino.
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Electroweak Symmetry Breaking

The above relations apply to most squarks and leptons, but not to

the Higgs particles and the third generation squarks.

The renormalization group equations of these mass parameters
include negative corrections proportional to the square of the large

top Yukawa coupling.

In particlular, the Hy Higgs mass parameter m3, is driven to negative

values due to the influence of the top quark Yukawa coupling.
Electroweak symmetry breaking is induced by the large top mass !

Also the superpartners of the top quark tend to be lighter than the

other squarks. This effect is more pronounced if M; /o is small.
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SUSY Spectrum from Universal Boundary Conditions at Mcut

Coloured, strongly interacting particles tend to be heavier than
weakly interacting particles.

Lightest Supersymmetric Particle is lightest Neutralino.
Squarks and sleptons of first two generations are degenerate.

Small splitting in the slepton sector. Third generation squarks are
Typically lighter.

Mass -
A ., 4 <. 8 k.. i,
E 3 L "~ L
dg. up g, Cgp =
bl
f,
o e " 8" u' ut
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Higgs Mass Parameter Corrections in SUSY

One loop corrections to the Higgs mass parameter cancel if the
couplings of scalars and fermions are equal to each other

N_ h> A2 A2
Sm’ = 16C Ll-2A%+3m2 log[—zj +207 - 2m log[—zﬂ
T mf : mf
. fut Fa
n I 7N
E '|"- --'If
e
fr hi

If supersymmetry is exact, there is always an additional, logarithmically

divergent diagram, induced by the presence of Higgs-scalar trilinear
couplings, that ensure the cancellation of the logarithmic term.




If SUSY exists, many of its most important motivations demand some
SUSY particles at the TeV range or below

x Solve hierarchy /naturalness problem by having Am? ~ O(v?)

SUSY breaking scale must be at or below 1 TeV
if SUSY is associated with EWSB scale !

1200

—
o
o
o

* EWSB is radiatively generated

masses [GeV]
()
3

In the evolution of masses from high energy scales 600

— a negative Higgs mass parameter is induced

via radiative corrections 400

, 200
—> important top quark effects!

\
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log,,(Q/GeV)
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Reasons for the negative mass of the Higgs

Higgs is affected by the top quark Yukawa coupling, but so are the stops. So, why
does the Higgs mass becomes negative and not the stop ones !

There are three main reasons. First, the stops receive a positive contributions
coming from their quark-gluino interactions, which is proportional to the gluino
mass. This is model dependent, since the gluino mass might be very small.

The second, most important reason, is that the Higgs couples to three Dirac
fermions (three colors) and their superpartners, while the right-handed stop of
a given color couples to only two (due to the doublet structure). Finally the
left-handed stop of a given color couples to only one Dirac field. This 3:2:1
relation makes the negative contribution to the Higgs more important than the
one of the stops.

: : 2 : : :
Finally, there is the 75 factor that acts like an external magnetic field in a
spin system and induces the presence of non-vanishing Higgs v.e.vs even if
the masses would be positive.




Gluino Contributions to the Stop Masses




Unification of Couplings

e The value of gauge couplings evolve with scale according to the
corresponding RG equations:

oz@'(lQ) B 2b_7i71n (MQZ) T 1 (8)

e Unification of gauge couplings would occur if there is a given scale at
which couplings converge.

1 b3 — bg 1 b3 - bl 1
= + (9)
C\lg(Mz) bl — bg C\ll(Mz) bg — bl OéQ(Mz)

e This leads to a relation between as(Mz) and

sin? Oy (Mz) = o™/ (an+@25M).
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Rules to compute the beta-functions

e The one-loop beta-functions for the U(1) and SU(N) gauge
couplings are given by (Q = T3 +Y),

gbl = —ng:y? - é;yg

11 N ny ns 2N
by = I 10
N 3 3 6 34 (10)

e In the above, yr s are the hypercharges of the charged chiral fermion
and scalar fields, ns s are the number of fermions and scalars in the
fundamental representation of SU(N), n4 are fermions in the adjoint
representation and the factor 5/3 is just a normalization factor, so

that over one generation

Tr [T°T°] = gTr Y7 ] (11)

14




e The coupling ¢g; is not asymptotically free, but becomes strong at
scales far above Mp;, where the effective theory description breaks

down anyway.

e A full generation contributes to the same amount to all S-functions.

It does not affect the unification conditions. (G5} = —4/3;
SUSY _ —9 )
gen .

e Only incomplete SU(5) representations affect one-loop unification.

M = —41/10, 5™ =19/6, WIM =T7.
pyVSY = —-33/5, ;%Y =1, VY =3 (12)

Mg = Mgz exp [(m - a2(J1\42)> b22_7rb1]

1 ba — b 1 ba — b 1
L bs—by L s = b (13)
as(Mz) by —byas(Mz) by —byar(My)
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Results

by = —6 — 3Ny /5, by = — Ny, bs =3

1/a1(Mz) ~ 60 1/as(Mz) ~ 30

In the above, Ny is the number of pair of Higgs doublets. With these

results we can compute the strong gauge coupling at M

1 15-7Ng

— = 30 1

The result depends strongly on the number of Higgs doublets. For Ng
equal to zero, we get ag(Mz) = 1/18 ~ 0.05. For Ny = 1, instead, we get
as(Mz) >~ 0.120 !! Excellent prediction !

For Ny = 2 we get, again, a very bad result az(Myz) ~ 1.

Finally, for Ng =1,

Mg = Mz exp(30 x 2 x (5/28)) ~ 1015GeV

Grand Unification scale is very close to the Planck scale, suggesting a

Unified description of particle interactions.




SM: MSSM:

Couplings tend to converge at Unification at aqyr ~ 0.04

blgh energies, but unification and Moy ~ 1016 GeV.
is quantitatively ruled out.
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in the MSSM: a3(Mz) = 0.127 — 4(sin® Oy — 0.2315) £ 0.008

Remarkable agreement between Theory and Experiment!!
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R-Parity

e A solution to the proton decay problem is to introduce a discrete

symmetry, called R-Parity. In the language of component fields,

Rp — (_1)SB—|—25—|—L (7)

e All Standard Model particles have Rp = 1.
e All supersymmetric partners have Rp = —1.

e All interactions with odd number of supersymmetric particles, like
the Yukawa couplings induced by P|®|,.w are forbidden.

e Supersymmetric particles should be produced in pairs.
e The lightest supersymmetric particle is stable.

e Good dark matter candidate. Missing energy at colliders.

10




SUSY Collider Phenomenology




Main Injectt:;
(new)

p so#fce




Preservation of R-Parity:
Supersymmetry at colliders

Gluino production and decay: Missing Energy Signature

Supersymmetric
Particles tend to

be heavier if they
carry color charges.

Particles with large
Yukawas tend to be
lighter.

Charge-less particles S
tend to be the q .
lightest ones.

q

» Lightest supersymmetric particle = Excellent
Cold dark matter candidate.
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Trilepton Signatures at the Tevatron

Trileptons are associated production of chaginos and neutralinos, with
subsequent decays into leptons. The final signal is three lepons and plenty
of missing energy (neutralinos and neutrinos)

Main background: W and Z production.
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TRILEPTONS: PRESENT AND FUTURE

e Now: 0xBR<0.2-0.3 pb 8 o T o
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Beyond the Tevatron

Searches at the Tevatron are limited by phase space.

Tevatron is a proton-antiproton collider with a center of
mass energy of 2 TeV. Partons c.m.e. is smaller; and strongly
interacting (weakly interacting) sparticles with masses

beyond 500 (250) GeV may not be discovered.

Tevatron has still a chance, and we all hope that something
exciting will happen there in the near future.

Searches for new physics will continue in 2008 at the LHC,
a proton proton collider with c.m.e. of about 14TeV !

Strongly interacting (colored) particles, with masses up to
3--4 TeV may be explored !
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Searches at the LHC

New particle searches at the LHC are induced by the cascade decay of
strongly interacting particles.

By studying the kinematic distributions of 7 & LF
the decay products one can determine the

masses of produced particles, includingthe  /  /
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How well can the LHC do ?

Baer, Balazs, Belyaev, Kropovnickas and Tata ‘03.
mSugra with tanfp = 30, A, =0, u> 0

0 1000 2000 3000 4000 5000
m, (GeV)




One stop could be light
What happens if all squarks and gluinos are heavy, except

for a light stop ?

Charginos and neutralinos are still around, providing the
proper dark matter annihilation cross section.

Both stops cannot be light in the MSSM. Otherwise, the
physical Higgs mass would be too light.

Let’s then study the case of a single light stop. This case is
motivated by the question of electroweak baryogenesis.




Tevatron Stop Reach when two body decay channel
is dominant

N ~9 art ~0
t, = c+yort, > bWy

Main signature:

2 or more jets plus
missing energy

2 or more Jets with E. >15GeV
Missing E. >35GeV

Demina, Lykken, Matchev,Nomerotsky
‘99




Stop-Neutralino Mass Difference:
Information from the Cosmos

M. Carena, C. Balazs, C.W., PRD70:015007, 2004
M. Carena, C. Balazs, A. Menon, D. Morrissey, C.W., Phys. Rev. D71:075002, 2005.

= If the neutralino provides the observed dark matter relic
density, then it must be stable and lighter than the light stop.

= Relic density is inversely proportional to the neutralino annihilation cross
section.

If only stops, charginos and neutralinos are light, there are three
main annihilation channels:

1. Coannihilation of neutralino with light stop or charginos: Small mass
differences.

2. s-channel annihilation via Z or light CP-even Higgs boson
3. s-channel annihilation via heavy CP-even Higgs boson and
CP-odd Higgs boson




Light Stop and Relic Density Constraints
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Tevatron stop searches and dark matter constraints

[l Ziﬁ_é.'ﬁ INEEF AREI
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Carena, Balazs and C.W. ‘04

Green: Relic density consistent
with WMAP measurements.

Searches for light stops
difficult in stop-neutralino
coannihilarion region.

LHC will have equal difficulties.

But, LHC can search for stops from gluino
decays into stops and tops.
Stops may be discovered for gluino
masses lower than 900 GeV, even if the
stop-neutralino mass difference is as low
as 10 GeV !

Kraml, Raklev ‘06,

Martin 08
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Stops from Gluino Decays
Take advantage of Majorana character of gluino:
g — tit, tt. Production of equal sign tops
Two same-sign leptons with pr > 20 GeV.,

Two b-tagged jets with pr > 50 GeV. (b-tag eff. 43%)

Fr > 100 GeV. Invariant mass mu < 160 GeV

-~ -~ 30fb!
st 0 === 100 b=t | 10% syst. error

“““ 300 b1

Kraml, Raklev ‘06,
Martin 08

Efficient stop search

N 300 b1 no syst. error | channel up to gluino

masses of about | TeV

Carena, Freitas, C.W.08




Alternative Channels at the LHC

When the stops and neutralino mass difference is small, the jets will be
soft.

One can look for the production of stops in association with jets or
photons. Signature: Jets or photons plus missing energy

M. Carena, A. Freitas, C.W., arXiv:0808.2298

Photon plus missing energy searches have the advantage of being
cleaner, but they suffer from low statistics and large systematics

Jet plus missing energy searches have larger backgrounds but have the
advantage of having much larger production cross section compared to
the photon case

Hard photons and jets recoiling against missing energy have been
simulated at the LHC experiments in the search for large extra
dimensions, and we will make use of the backgrounds computed for that
purpose.




Jets plus missing Energy

M. Carena, A. Freitas, C.\W.’08

1. Require one hard jet with pr > 100 GeV and |n| < 3.2 for the trigger.

2. Large missing energy F+ > 1000 GeV.

Including systematics associated
with jet and missing energy
determination. Dominant missing
energy background, coming from
Z’s, calibrated with the electron
channel.

200¢

1507

100} Ty

Tevatron 8 fb~! | .
Tevatron 2 fo-! Excellent reach until masses of the

order of 220 GeV and larger.
50+
Full region consistent with EWBG
o0 ] will be probed by combining the

100 120 140 160 180 200 220

m. [GeV] LHC with the Tevatron searches.




Alternative SUSY Breaking scenario: Gauge
Mediation

Supersymmetry Breaking is transmitted via gauge interactions
Particle Masses depend on the strength of their gauge interactions.

Spectrum of supersymmetric particles very similar to the case of the
Minimal Supergravity Model for large values of M, /o:

Sparticle Masses

M; o
mg ~ a3 o~ o F
myp oy (mf_47TM)

Lightest SM—Sparticle tends to be a Bino or a Higgsino
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Gauge Mediated SUSY Breaking

@ Supersymmetry breaking is transmitted to the observable
sector via (flavor blind) gauge interactions

SUSY Breaking Messenger Se(c):tbosl~e E;zl;LT<s
Sector Sector Gauge Int. leptons, Higgs)’

@ Messenger sector in complete representations of SU(5) and

vector-like.

5.5) = (3,2) + (3,2
@ Minimal model: One (5:5)=(3,2)+(32)

W=XS33+~v522, < S >= 8+ Fg6?,

with S a singlet field parametrizing SUSY breaking and the messenger mass




©

Spectrum of Sparticles (more details later)

Gaugino masses fulfill the standard unification relations,

. o, Fs M; _ «;
MZO<47TS7 Mj Oéj

Scalar masses at the messenger scale are also governed by their color
structure. For instance,

N @3,2 Fg
MgH X 7~ "5

This implies that, independently of the messenger scale, there are large
negative corrections to the Higgs mass parameter, triggering EVWSB

The requirement of a weak scale spectrum demands

A =35 =0(10° GeV)

The scale of SUSY breaking has important consequences, for instance
it determines the gravitino mass and interactions (and therefore the
nature of the LSP). Lightest superpartner tends to be a Bino.




Gravitino

When standard symmetries are broken spontaneously, a massless

boson appears for every broken generator.

If the symmetry is local, this bosons are absorved into the

longitudinal components of the gauge bosons, which become massive.

The same is true in supersymmetry. But now, a massless fermion

appears, called the Goldstino.

In the case of local supersymmetry, this Goldstino is absorved into
the Gravitino, which acquires mass mgs = F'/Mp;, with F' the order
parameter of SUSY breaking.

The coupling of the Goldstino (gravitino) to matter is proportional to

1/F =1/ (méMpl), and couples particles with their superpartners.

Masses of supersymmetric particles is of order F'//M, where M is the
scale at which SUSY is transmitted.
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Decay Width ot NLSP into Gravitino

e In low energy supersymmetry breaking models, the SUSY breaking
scale 10TeV < VF < 103 TeV.

e The gravitino mass is very small in this case 10~ teV < me < 103 eV.

e Since the gravitino is the lightest supersymmetric particle, then the

lightest SM superpartner will decay into it.
e It is easy to extract the decay width on dimensional grounds

e Just assume that the lightest SM partner is a photino, for instance,
and it decays into an almost massless gravitino and a photon. Then,
m2 m

5}
ING G~ — 1~ Y 2
(V=10 = 15 16mmZ M3, (2)

where we have used the fact that [F] = 2.




Gauge-Mediated, Low-energy SUSY Breaking Scenarios

e Special feature — LSP: light (gravitino) Goldstino:

~ F ~o _6 _9
ma ™~ 3p = 107° —1077GeV

If R-parity conserved, heavy particles cascade to lighter ones and
NLSP — SM partner + G

e Signatures: The NLSP (Standard SUSY particle) decays

o 10—2 ms  \2 100GeV \°
decay length L ~107%cm (10—9GeV) X (MNLSP>

* NLSP can have prompt decays:
Signature of SUSY pair: 2 hard photons, (H’s, Z’s) + Fr from G

* macroscopic decay length but within the detector:

displaced photons; high ionizing track with a kink to a minimum ionizing track

(smoking gun of low energy SUSY)
* decay well outside the detector: Frpr like SUGRA
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Gauge-Mediated Tevatron Reach I

i T , ~0 ~ ~
].31Il0 like NLSP: X —1G = Higgsino-like NLSP: )2(1) — (h, Z,v)G
Signal: vy X fr Signal: v b FrX

X = {’s and/or jets diboson signatures (Z — ££/jj; h — bb)Fr

102 RS IR LS UL UL RS S L T 1] 2
C CDFprOJectedhmlts ] 10° Fr——rT——1T— 777
from diphotons, GMSB model - X ]QDF %jeé:}\oﬂaggmitsd I
] rom YoE, mode
Discovery reach (2fo™")] S
\ . o Very,_.f?’f‘.’f?.f?f?_fl)
10 F 4 | & ST ,
g0 F -\>% CL llm:t (2
. o L o c 5N T
@ R S 957% CL limit (2fb ) o
© : [ |
L
o e -1 W
... 5% CLImit 10b7) \ T N R N—
Y. 95% CL limit (30fb™) "\ ; tor ;
_ .
I ] [ 95% CL i 0 USRS .
2ob"2'25"2'éb"2'%5"ééb"ééé"ééb"é%'s"ciob"aizs R T
M(x )(GeV) 120 140 160 180 ~2+OO 220 240 260 280 300
M(%3) (GeV)
M+ ~ 325 GeV (exclusion) & . 1
X ( ) M o+ sensitivity ~ 200 GeV for 2 tb
~ 260 GeV (discovery) !
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Conclusions

Supersymmetry is a symmetry that relates boson to fermion degrees
of freedom. It provides the basis for an extension of the SM

description of particle interactions.

Fundamental property: No new couplings. Masses of supersymmetric
particles depend on supersymmetry breaking scheme.

If R-Parity is imposed and the gravitino is heavier than the lightest
SM partner, then the lightest supersymmetric particle is a good dark
matter candidate.

Electroweak symmetry breaking is induced radiatively in a natural
way, provided sparticle masses are of order 1 TeV. Unification of

couplings is achieved.

Signature at colliders: Missing Energy, provided by the LSP.
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