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LEP

12 years of excellent e+e- data
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LEP

Integrated luminosities seen by experiments from 1989 to 2000

240 T-|  —m—Physice90 Fo 000000 [T TTT T TTTTT TS T T oo oo ommso---o---------g

Pheysics 92 Zo

O— Physics 93 Zo

oo
o
'

t
|

O  Physice 95 fo, 65-70 GeW

o
o
'

t
|

—O0— Phy=ics 95 80.5 - 86 GeY

=
o
'
t
|

—B— Phyzics 37 91 - 92 GeV
—O—Physics 98 945 GeY 000 e e m e e e e e e e e e oo

—&— Physics 893 =96 Gel

)
o
'

t
|

B Physics 2000 100-1 043

integrated luminosity (ph-1)
[on]
[}

o
o
'

B LT T L | L R, o1 L oAU g

EE it R o AT LT e = = 27 7777

0

3 N --- 1000 pb-1 since 1989 ™.

O Physiced4 Zo 00 [mm-mm--osssmo--mmmmmmm s mmmm e e s i -----

Physice 88 Zo=1.Fph1 ~~~ ~ " " T T 7T T o dm T e e T T e

1993 = 40 ph-1

996 = 25 ph-1

1990 =12 ph-

1994 = 65 ph-1

1991=13 ph-1

R R A A S

number of scheduled days ( from start-up }

Last data in 2000, analyses being finalised now...

LEP Working Groups:

Fruitful collaboration between experiments:

Combined results
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LEP Physics

SM tests to ~0.1%

m,,, indirect estimation

My4qs INdirect limits
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LEP Physics — Indirect limits

Precision measurements at LEP give a hint on what is (or not!) beyond...

Indirect limits on the Higgs mass 1 Indirect limits on new physics scale A
from e+e- — |+|- cross-sections

Erom fits to EW data (LEP + SLD)

M,>114.4 GeV/c? @

A light Higgs is favoured...
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A = New physics scale in the Contact
Interactions effective Lagrangian

Exclusion depends on type of coupling



Searches at LEP — why? ’

SM: still very successful, but...

*EW symmetry breaking

=> we need the Higgs ol T

*Fine tunning /Mass hierarchy problem
Mpianck >> Mews My~Mgyy but M2y ~M?%p,c 4o

il
*Flavour pattern => 3 families?
20
*Many free parameters
« Quantum numbers of particles? N N N NN
 Mass values”? 4 108 1p!2  qpl6  qp

Ge
*Unification? Q (GeV)

*Gravity?
A should be:

 Large enough to explain decoupling of new physics
* Close enough to EW scale to address hierarchy problem

Around the corner?



Qi Searches at LEP — what?
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Searches at LEP — how?

Clean e*e- environment => excellent conditions for new physics searches

* Increasing E_, Threshold channels
* Luminosity Sensitivity
* Phase-space and cross-section...?

Many and exhaustive searches | Direct / indirect
New particles / new interactions

(&
[ ... Trying to look everywhere! } p@ i

L

[Model independent (topologies)] [Systematic exploration of model(s)}

some “golden” topologies:
acoplanar jets and leptons, 4 jets, photons only



Search at LEP — how?

Clean e+e- environment... Still some background!

» Well understood (ISR, ...)
» well modeled by MC simulation

* “yvy”: affects low visible energy channels
* 4-fermions: sometimes irreducible

Radiative return to the Z

e+ ! 104
71+——>O : Z*:‘:m
e- 7/ ° 10 <
f | ﬁﬁﬁ—gl(;le%
Vs’ ~ M, 1]

Open triggers => wide coverage of channels
Sensitivity ~ fraction of pb
Mass reach ~ Vs/2

ross section (pb)
o
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Outline

Non-SUSY

* Motivation

° 4th

« Excited/exotic leptons

SUSY

« Motivation

 Exotic — GMSB, AMSB

« SUGRA

« CMSSM

. (RPV) Thank you!

To the LEP accelerator team and many
many people in the 4 LEP collaborations!!

/\/

No signal in any of the channels...

... Many searches not covered:
All Higgs (many extended/exotic scenarios), Technicolor, FCNC, Extra-dims....



Complicating the fermionic sector...

[—= === ===
| 5 c t : Extended | LQ
nW*,2Z d = b fermion « A fourth family ? D q*

| | sector . Exotic ? )
L ) ) e
I e w T - v

* Fermion flavour pattern and Interactions group not justified in the SM

» Additional families?
* Fermions with different SU(2)x(U1) quantum numbers?
» Additional bosons?

... May arise in gauge unification theories or extended EW models

- Are we at the fundamental level? => Composite models

e Excited states
* Particles with L and B

Powerful limits exist: LEP1 (Z total and invisible width, direct searches)
* Low energy u—ey, g-2, ...



Events/0.02

4 family leptons

e+ L*, LY

Z,(Y) L+, LO : vil
e- W

L-, LO

Observable production cross-sections Decay through mixing with light lepton

LOLO s WW I I
a4
] * Data L3
[_1 Background MC

*1 [ L°=uwmc o

] | Mass limits (GeV/c?) L3
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o+ EVE ' ... Considerably extending LEP1 limits



4 family leptons

LE>WWvv
60-
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L* search

Mass limits (GeV/c?) L3
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Excited leptons

Substructure in the fermionic sector => Excited states

rv° £,V

/ 7. W

Effective model

1T - T A ¢ .
Lo=—" 1 0" {g-fzww+g -fZBW}E +h.c.

2N\

e.g. Boudjema, Djouadi, Kneur Z.Phys.C57 (1993)
Hagiwara, Zeppenfeld, Komamiya Z.Phys.C29 (1985)

A compositeness scale

_ We assume [f | = |f ']
f, f’ weight factors

Mass and coupling of the excited lepton: fIA= \/E A m,.



Single production

1/A suppression but
sensitive up to E_,

Excited leptons

pair production Indirect mode

e+ Z,'Y I* €+ -’\/\7/
e’
e- |* € ~——~7V
Decay

ARYA £V All BR matter... Many topologies

Ly, v, b, i be, jjle,...

LW
ne ! F 7/ : =
5o = charged L: f=f . Mo a charged L: f=f
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Excited leptons

Pair production Single production: direct + indirect

Excited electron (f=f")

EXCLUDED
e*, f=f'=fy

H1 ZEUS

Prelim

ADLO (Prelim)j

4;) 50 60 70 80 20 100G11‘(; _ 1 O : 3 \_
e (V) DELPHI&OPAL (Prelim)
Mass limits (GeVic?) 10° b
DELPHI | e* u* T 100 140 180 220 260 300

2
f=F |103.1| 103.2 | 102.7 M... [GeV/c™]

f=-f 102.0 | 102.0 | 102.0




Outline
Non-SUSY

» Motivation
« 4% family leptons
' § « Excited/exotic leptons

SUSY

 Motivation

 Exotic - GMSB, AMSB
« SUGRA

« CMSSM

* (RpV)

No signal in any of the channels...

... Many searches not covered:
All Higgs (many extended/exotic scenarios), Technicolor, FCNC, Extra-dims....



Why ?

What ?

SUSY - why, what, how?

Hierarchy problem

Grand unification
Light Higgs  Possible dark matter candidate

Connection to gravity

Sparticles = SUSY partners of SM particles (sx1/2)  (MSSM)
- | 5 & o= )
e u 7 leptons , sleptons e u 7
Ve Vu Vi  neutrinos! sneutrinos V. V, V.
fermions ' ___ (" bosons
u c¢c t quarks I squarks u ¢ t
_d s b : i 5 b _
fWJ_r HE I ~ o~ b
 charginos X1 X2
y Z b HA | neutralinos %/ %> Xs X4
bosons < gauge ! _ - >~ fermions
gi partic'es : glUanS gi
9 G | graviton G P
Many parameters... M,, M,, M; Gaugino masses
m; Sfermion masses SM + 105
tanf, u, m, Higgs(ino) mass/mixing (+45 RPV)

A A, A,




SUSY - how?

HOW? R — (_1)3B—L+28
P
SUSY is a broken symmetry => SUSY Mechanism?

R-parity conservation:

Pair production of Sparticles

p
Decay to stable (neutral) LSP

N P

P——
LSP

=> phenomenology

P Low AM
“vv’ background
(high o)

High AM
) 4-fermion
(irreducible)

Ebeam

Decay chains to NLSP: several AM involved



SUSY - how?

Mechanism of SUSY breaking has deep implications on phenomenology

e sue? | ) [b }

SUGRA GMSB Other
Gravity mediated Gauge mediated e.g. AMSB
LSP : G

N LSP: G (m << GeV) LSP: %,V
frequently X?

Signatures & dominant channels depend on specific scenario considered

Increased predictability, but still large number of free parameters



GMSB: { Hiden SUSY }[ Visible sector }

103< VF < 1070 GeV = Light G (LSP) (order 1 KeV/c?, or less)

* No severe FCNC (Gauge forces flavour blind)
* No dark matter candidate

G couples weakly with all particles = only NLSP decays directly into G

Gravitino mass and Nature of NLSP determine phenomenology

2 j— mj"'q LIRELL BELELLLLL IR IR INLELLLLL, IR T T
m("; e e : S - L= tmm
TaLsp & % => Lifetime signature Eﬂm; o
! E L=1m

mNLSP EP 6“5 L=100m
51]:-
w0
NLSP: 30t
0 = ~ >
X1 > YG o 1> /IG :

5 4. -3 2 A 2 3
10 10 10 10 10 1 10 10 10

me (eV)

=> Additional photons/leptons in the final state



GMSB - lifetime signature

N VAN
R L > G

ADLO Prelim +s- 189-209 GeV

()

/-

Acoplanar leptons

Kinked tracks

mé < few eV/c °

My = few KeV/c®

m(7) (GeV/c?)

_~ +
Gw /4

(0

Large impact parameter

5 2 Stable charged particles
My ~eV/c -0.1KeV/c



GMSB - Constraints on parameters

Few parameters to define the minimal model: B directlimit ~ QPAL, vs = 189 - 209 GeV

indirect limit: Preliminary
JF: scale of SUSY breaking 1] N—1 . N=2 [ N=3 B N_4 [ N 5
M: messengers mass scale ' '
all NLSP llfetlmes

N: number of messenger generations _
tanf M(i;)
sign(u) MGiy)
A =FIM : effective SUSY breaking scale “ﬁi))
Mz

>
ALEPH Vs=189-209 GeV t.‘_g)
: MGi)

== Higgs :

NLSP: M(1,) E
] i M(z,)
60. % - M(z
/&? ] (1)

S | NLSP: M(u;) E

40+ %o . M(ig)

2 T .
% M) E
i NLSP: M{eg)
Weg)
e )

I
1 2 3 4 5 0 100 200 300
M (GeV/cH)




AM S B . [ Superconformal

Anomal [ Visible sector J

* Rescaling anomalies in supergravity lagrangian => soft mass parameters in visible sector
- Additional non-anomaly contributions to avoid tachyonic sleptons
» Could solve SUSY FCNC problem

Heavy stable

Rather characteristic phenomenology: B
~O ~ ~ BJr

LSP: X4,V Or1

Heavy squarks

Light Higgs

M,:M,:M;»28:1:-8 ISR tag

~( ~+ 10"
X, and X -

AM* (GeV/cd)
Nearly mass degenerate and gaugino-like



DELPHI

Small AM Chargino search .

(a)

Standard search

AM=m_ —m_,
X1 X1

Low AM => => |arge “yy” background

* Low visible energy
* Low transverse momentum

 Very high cross-section

40 &0 B0 101
MiE,£) { GeVicT)

=> ISR tag !

Standard search (c)

> Low energy L

b= M *) + 1 GeVic®

Signal cross-section still OK
~ 40 &0 B0 100
vV mass dependence! .
MiE £) (GeVic)



AMSB - Constraints on parameters

Four parameters to define minimal model: m;;, , tanf3 , m, , sign(u)

DELPHI
A, 150 ]
. . - C
*LEP1 constraints (Z width) S100
EE
.SM Higgs SearCh 0 :' RESENE: 17 L e R T A B
3 350 40

:::
g
g
s
2

M, >114.4 GeV/c? @ 95% CL M) (GeV/ch)

GeVich
n
]

*Invisible Higgs search

2

*Small AM chargino search

M) (
&

after IllEPl ?xclusilons

° ~t S |+ . Ll
Search for X —V | 0 0 50 100 150 200 250 300 350 400
M) (GeVich
150 T —
5 f <
glﬂu - 4 :
~~ 2 - - C )
m( x1)>68 GeV/ce &+
= - after LEP2 exclusions
ﬂ _I 11 1 | 1 1 1 11 1 1 | 1 1 1 | | I | | 1 1 1 | 1 1 | | 1 1 1
0

AMSB scan with Isajet 7.63 50001 150 200 250 300 350 400
1 <my, <50 TeV/c? M) (GeV/c)
0 <my<1 TeV/c?

1.5 < tanp < 45 m(v)>98 GeV/c



SUGRA: [ Hiden SUSY }M[ Visible sector }

» LSP dark matter candidade
* Possible FCNC problems

Explored at LEP in an exhaustive way searches for

- Charginos - Sleptons
- Neutralinos - Squarks

1) Searches conducted in “model-independent” way:
* Minimal set of assumptions
* Interpretations in terms of involved masses/cross-sections

“Baseline” search + “difficult cases/corners”

2) Common interpretations in terms of model parameters
=> Manageable number of free parameters =“ LEP-CMSSM”

=> Specific scenarios = mSUGRA



MSSM => SUGRA => CMSSM => mSUGRA

Minimal particle/field content (MSSM)

Soft SUSY breaking

R parity conservation R = (—
Gravity mediated SUSY breaking
Neutralino LSP

Assumptions on BR’s

Gaugino mass unification My,
Assumptions on sfermion masses
Assumptions on trilinear couplings
sfermion mass unification My
Scalar mass unification

Unification of trilinear couplings A,

EW breaking scale

1)SB—L+28

e.g.BR(p = pLSP) =1
M, = gtan2 0,M, = 0.5M,
e.g. Heavy sfermions

e.g. No mixing
“LEP-CMSSM”
m,,m,,,A_ A, A tanf3u

MSUGRA
m,,m,,,,A,,tanf,sign(u)



Chargino searches

Main direct SUSY detection channel in large region of parameter space

~ + ~ + _
>w'<}( | A => Large cross-sections
P
0 o e ~ _
. . . Tdr TR ]
Negative interference. Is there a light sneutrino? =1, Slghal srossesetions at Vs =208 GeV
S12/; W Gaugino, M; = 100 - 1000 GeV-
0 0 §10 ...... Higgsino ]
X = XW = i % v : |
o -
= ;
56r )
/ / @ | !
/ / 458 g
al
50 60 70 80 90 10(

Mii [GeV]
1

* Leptonic BR enhanced if sleptons are light
~ 0

~ 0
ecascades X > — A7



Chargino searches

Cross-section limits O pper limit (PD)
100 FADLO Vs > 207.5 GeV
- 1.8
1.6
80
1.4
1_")
M,
X1 1
(Gev). N
0.6
20 - | 0
oo
o - 'slo‘ - I6IO‘ 70 R0 90 100 — 0
M. (GeV)
1

 Cross-sections may be suppressed
« Undetectable final states may arise

105 T

100 —

70 80 90 10

_—

tanp=2 n=-200 GeV

ADLO Vs > 206.5 GeV

M > 103.5 GeV

high AM, gaugino region

m, > 300 GeV/c?

Excluded at 95 C.L.

1 1 1 '
200 400 Goo

MY (GeV)

----- Expected Limit :

small AM

M>924GeV

My H(GeV)
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Slepton searches

14 — e 2
ANE ‘Zl ~ 5
/ e
Smuons
Almost model-independent
Selectrons
t-channel => cross-section very model-dependent
Staus
Mixing: Stau could be charged LSP
affects cross-section => decouple from Z {

0 ! %? BR:{B

=> 2 acoplanar leptons

0.5

0.45

0.4
0.35 |

0.3
0.25
0.2
0.15
0.1
0.05

Mg Ogyp, at VS=208GeV

Ty% Gy, 8t V5=208GeV

1" Yex

R=1
BR @ u=-200, tan p=1.5

. P R
60 70 80 90

100
md{) (GeV/cD)

- No mixing 6=0
- Minimal cross-section




Slepton searches

008 Vs = 183-208 GeV ADLO Preliminary

S % T Selectrons o

>+ Observed Cross Section U.L. (pb) 07 "o 100 ata

B o [ ¥5=183-208 Gev > R*R

0O =0 |- A 0.06 I ——

= 7 [ ADLO Preliminary S (g

4 i 0.05 “‘"’H 20 I Tﬁﬁq
60 r

g o |

2 _

- 003 i

H

2 Lo 007

z

8

50 60 70 BO 90 100

Selectron Mass (GeV/cz)

- — QObserved

D

Al |l

RR
RR
RR

Z —decoupled

m., =0GeV m., =40GeV 20!

99.6
94.9
85.9
85.0

99.4
96.5
92.5
91.7

Expected

: Excluded at 95% CL

L (=-200 GeV/e’, tanB=1.5)

50

60

70

ST AN I
g0 90 100,
MTR(GeV/c )

If light enough to be observed, seriously affect production and decay of

charginos and neutralinos



a, %i?
A®

More constrained models : CMSSM

My, My, tanp,u,A A, A,
... Combining negative results of different searches:

Charginos Higgs Sleptons Neutralinos Squarks
I

v

Exclusion in (M,, p) plane for different tanf3, m, values

\

Lower limits on smasses (M, p)

[ tanB=1

~— - - -

200 -100 0 100 200
W (GeVic?)



LSP mass limit in CMSSM

(B)

Low'mo l{(®9

High m, _ 45.5 GeV/c?
Low tanf3 -
. 39.2 GeV/c?

Cascades

10k DELPHI 7 limit (189-208) GeV b w
! “ - Mixing ™~ N (»)]

3rd family




(A)

LSP mass limit in CMSSM - High m,

Heavy sfermions => no effect on phenomenology
Chargino exclusion dominates

Cascades:

~0 ~0
X> — X17Y => Cover topologies with ¥’s in chargino/neutralino searches (low M, & 1)

~O~O ~O~O . . . . . .
X3X oy XaXo => Allow to go slightly beyond chargino kinematic limit (M,<120)
Neutralino cascades with photons 100 ¢
Q DELPHI 189-208 GeV RS EDELPHI 189-208 %, ; :
= 20 Oy e o = OF 2 i/ :
3 Ko Kaa Jets + s ] F i, = 1000 GeV/c ’ (o
o 40 = % Manp= ﬁ Gevi
g = 90| -
30 60 — :
50
20 10 L
30 y" excl. P
10 20 /
10
0 o . . .
20 40 60 80 100 120 -200-180-160-140-120-100 -80 -60 -40 -20 O

miy. O-miya) (GeVic:)

1 (GeV/ch)



(B) LSP mass limit in CMSSM - Higgs

Low tanf} covered by Higgs exclusions if included

e o}
S
!
0.54<tanP<2.36 (M,,=174.3 GeV/c?) =
10
MSSM Higgs search in maximal M, , scenario:
M,<1000 GeV/c?, A-p/tanp=V6 TeV/c?
A-p/tanf3 => M, , maximal 0
M, , maximised by tuning mixing in the stop sector T

0 20 40 60 80 100 120 14C
m,. (GeV/c")
Dependence on m,,,

0.6<tanf<2.0 (M, =179 GeV/c?)

top



(C) LSP mass limit in CMSSM - Low m,

Light Sleptons:

Effect on chargino cross-section
(OK down to my~ 200 GeV/c?)
=> |ncreased neutralino cross-section!

ALEPH
MSUGRA

Chfrgino invisi+ble decays:
~ ~ ~ | ~
X, — VL with m();)=m(V) 150

=> Charginos cannot exclude 100

=> Use sleptons direct search: 50T tanp=15.0

=0

“ ] ]
GUT scale unification: 0 50 100 150

z = m?(tan B,mo 1M2)

€ search = M limit = my limit = m_, limit = M g limit
X1

Neutralinos can play a role in low cross-section (chargino or selectron) areas



(D)

mixing

Try

Mass splitting o< AT —
A, -
A, —

utanf’
utanfd
u/tanf3

No mixing

} Large tanf3

Example: 40

(tanf3 = 35)

(GeV/c?)
S

2

M

b
-
)

m =300 Ge
N0 mMixing

|
My =
50.0 GeV/c?

|
|
I
[
I
f
J
|
|
!
I

DELPHI

400

a1 .
200

w (GeV/c?)

3rd family L-R mixing can give light 751 : 5

LSP mass limit in CMSSM - Mixing

~

14

More studied cases:

* No mixing
* A=0

then study variation with mixing

Stau/Sbottom mixing
DELPH]|

W
jan]
)

200

M, (GeV/c’)

100 |

N

5000500200
U (GeV/c?)

M |
-400



LSP mass limit in CMSSM - Mixing

~+
Light stau => blind spot in X search
~ o~ ~0 ~0
X =TV X, M(T)=m(Y;)
Only visible channels:

~0~0 ~0~0 .. ~0 ~
X1X2s XoXo With %> — T,T

Light squarks

direct squark search...
... down to low AM

100 [

! m = 0.5
: E ~ VS. = - G
95 | ! t ~— i (pb) VS. NO
N : b 0.45 |
F aal: 4
90 — i e S |
N c . 3 %0%0 A/U%TT
8s £ Z® decoupling 04 = Mie A2
80 [ 0.35 [
75 | [
S/ expected mass limits 0.3 -
70 F ¥ —— observed mass limits
- 0.25 |
65 | B
o0 b 0.2 |
55 F 0.15 [
2 oo/ DELPHI - DELPHI
so L e e e i
O 2 4 6 8 10 12 14 16 18 20 N RN I R I BN
25 30 35 40 45 50 55 60

2
AM (GeV/c?) M () (GeV/e})

Obtained limit (set by squarks and stau cascades) robust with mixing
Invisible higgs search can exclude some points but not for any mixing



Stau mixing

A conservative limit on m,, valid for any T mixing
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RpV

« Explicit RpV breaking trilinear superpotential terms:

i L L Ey + Ay L,OI Dy + A" Uy D Dy

V(L) v(g) .
A A A1
(V) g g(ev) . q ;
L violation B violation *
9 couplings (i#) 27 couplings 9 couplings (i#))

« Sfermions can decay directly into fermions
« SUSY particles can be singly produced
« The LSP is no longer stable

Only one A-coupling non-negligible at a time
Prompt decay of sparticles (L<1cm)



RpV

... At production Resonant and non-resonant sneutrino production

,}\, (& .. ................... V‘

Direct... Indirect

£ / 0 J X0
/ < %f
/
/

Different channels and couplings => many possible final state topologies !!
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RpV - examples

Direct Decays
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Indirect decays tend to dominate, when kinematically allowed



SUSY at LEP - Summary

... Many analyses, scenarios, results!

v

» Cross-section limits: = model-independent

* Mass limits => Assumptions (BR, AM, m, ...)

 Exclusion of parameter space regions

v

More constrained scenarios:
Need to increase predictive power...
Still trying to cover most realistic scenarios

In general:

« Excluded ranges comparable
in different scenarios
» SUSY limits proved to be robust
» Chargino: close to kinematic limit
» LSP: ~ 40 GeV/c?
» General exclusions not easy to set

Sparticle mass limits (GeV/c?)

103.5

SUGRA, large m,;, AM>3

92

CMSSM

96

RpV “CMSSM”

96

GMSB

45

CMSSM

38

RpV “CMSSM”

89

GMSB

<

85

RpV

98

GMSB, slepton NSLP

85

SUGRA AM>15

96

RpV (LLE), AM>3, m,¢>10

87

GMSB, slepton NLSP

76

SUGRA, AM>7

77

RpV (LLE), AM>5




Searches at LEP - Perspective

No signal in any of the channels... §

Final results are currently being prepared
70% of Beyond the SM session ICHEP 2002 contributed papers

[What matters now? What did Searches at LEP leave to us? }

4/\

[ Many constraints] [Analysis experience}

v

*Complete interpretations in the frame of models
Complete model-independent results in case of new ideas

* *Methods for sensitivy improvement

Important to keep LEP data accessible ~ *Statistical ireatment
*Generators



Searches at LEP - Perspective

LEP did a great job for the last 12 years!
...Great opportunities for searches at next colliders

Tevatron LHC Linear collider

Extrapolation to GUT, Planck => origin of SUSY breaking
Most scenarios involve rich new physics at E ~ 1 TeV

aﬁ.nul

In the next decade, we hope to find a key...
... At least the one leading us to the next puzzle!




	Search for new particles at LEP2
	LEP
	LEP Physics
	LEP Physics – Indirect limits
	Searches at LEP – why?
	Searches at LEP – what?
	Searches at LEP – how?
	Search at LEP – how?
	Outline
	Complicating the fermionic sector...
	4th family leptons
	4th family leptons
	Excited leptons
	Excited leptons
	Outline
	SUSY – how?
	SUSY – how?
	GMSB:
	AMSB:
	SUGRA:
	More constrained models : CMSSM
	LSP mass limit in CMSSM
	RpV
	RpV
	RpV - examples
	Searches at LEP - Perspective

