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Introduction

� ALEPH,DELPHI, L3, OPAL data samples about 2.4 fb-1

(~600pb-1 per experiment) at ¥s = 189-209 GeV (1998-
2000)
� LEP EXOTICA WG: combination of all non-Higgs and non-
SU SY searches at LEP2 – some combinations (single t, 
excited leptons) available since 2001 (and still preliminary) –
new one (extra dimensions) in summer 2004!
•aim: restrict the space of the parameters of some 
extensions of the SM 
•main searches published by all experiments, but some 
analyses still under way
•statistical procedure adopted for the combination of the 
different channels (same or different experiments): likelihood 
ratio method   
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One loop level in SM (GIM)
BR(t ( ,g,Z)+c(u)) < 10-10
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•Supersymmetry and multi-
Higgs doublet models predict 
FCNC at tree level
•FCNC coupled singlet quarks,  
compositeness, or dynamical 
ew symmetry breaking BR 
~ 10-2
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CompositenessCompositeness
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Single productionSingle production

H�H�

I�  �¥� �PH
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SUHOLPLQDU\SUHOLPLQDU\
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Large extra dimensionsLarge extra dimensions

Hierarchy problem         M2
ew << M2

Pl

(~103 GeV)2 << (~1019 GeV)2

Hierarchy problem         M2
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Pl

(~103 GeV)2 << (~1019 GeV)2

Solution (ADD���– D = 3+n+1 dimensional space-time

M2
Pl ~ Rn M2+n

D

with MD ~ 1 TeV R = 0.3 mm, 10 pm, 30 fm for n-dim = 2,4,6
[ compactification on a torus (flat ed)       GN

-1 = 8 Rn MD
n+2 ]

• n = 1 excluded by behaviour of Newton’s law at solar-system scales
• ew & strong tested to ~(100 GeV)-1 § 10-15 mm, but gravity tested only to ~ 1 
mm deviation (?) from 3-dim at small distances 
• SM fields on the 3-dim brane, graviton propagates in the bulk weakness of 
gravity, coupling ~ 1/MPl, graviton expanded in KK tower of massive states,  m 
~1/R  
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$QJXODU�	�( GLVWULEXWLRQ
IRU�H�H� *

H�H� VLQJOH� ��JUDYLWRQ

i) Graviton emission 
ii) Graviton exchange

principal SM background
H�H�
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• no deviation is observed wrt SM background
• preliminary combination DELPHI+L3 (with ALEPH 
included via likelihoods reconstructed from fitted MD’s 
vs n) – OPAL published results up to 189 GeV

• no deviation is observed wrt SM background
• preliminary combination DELPHI+L3 (with ALEPH 
included via likelihoods reconstructed from fitted MD’s 
vs n) – OPAL published results up to 189 GeV
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LQGLYLGXDO�H[SHULPHQWV FRPELQHG
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Graviton exchange in boson 
and fermion pair production

Graviton exchange in boson 
and fermion pair production

MD
4 = 2/( ) MS

4        MS cut-off
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inter
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t = -0.5 s (1-cos )
most sensitive is Bhabha scattering

MS > 1.20(1.09) TeV for = +1(-1) @ 95% CL
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Extra Dimensions: beyond rigidity 
& flatness
Extra Dimensions: beyond rigidity 
& flatness

L3: e+e- & Z, branons, new 
scalars <-> brane fluctuations along ED 
(natural candidate for DM) – coupling ~f, 
brane tension,
-search complements G production:
f >> MF, gravity scale => G’s accessible   1st; 
f  << MF => , f 
-look for E miss., no signal above SM 
background 

elastic brane f 0   M>103GeV
massless brane M=0  f>180GeV

L3: e+e- & Z, branons, new 
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OPAL: within RS model (“warped” geometry) 
spinless inter-brane fluctuation r0 r0 + ¨r - since 
radion r & SM H can mix (same q.n.), at  LEP2

e+e- Zr or Zh with r,h mass eigenstates
- use limits from SM H, flavour indep. had.     
decaying H & decay mode indep. H searches
-> restrict RS parameter space
- mr, mh, W ~O(1TeV), mass scale on SM brane, 
, mixing parameter ( =0, h = SM H)

- r couplings mpart (reduced by v/( 6 W) wrt SM 
H) but r couples to g

=> BR of h particle to HQ & leptons may be 
reduced (h gg)
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- =0 SM H mass limit
- �0 mass limit generally lower
& decreasing with decreasing W
(lowest for mr>mh)
- for all , mr, W

mh > 58 GeV @ 95% CL (54 GeV)
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ConclusionsConclusions

• LEP2 analyses have addressed new phenomena 
beyond the SM and searched for new particles
• no new phenomenon/particle has been found, and 
exclusion limits have been set at 95% CL for FCNC, 
compositeness, extra dimensions etc.  
• final results of the individual experiments are now 
available on the main topics, but combinations and 
some particular analyses are still preliminary


