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- New Physics

o
o

Standard model still very healthy, but. ..

Experimental facts:
# Neutrino masses
# Dark matter and dark energy

Theoretical Problems:
» Unification of the forces?

# Mass hierarchy?
= Search for new massive particles

o Substructure?

Possible solutions: SUSY, extra dimensions, (Technicolour, Compositeness)
Two ideas to solve the problem, both based on new dimensions

SUSY: new fermionic dimension E.D.: new space-time dimension
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- The LEP Experiments

LEP data taking from 1989 to 2000
V5 = 91 — 209 GeV

Overall £ ~ 2600 pb~!

> 20 x 10° Z on peak,

40000 W= pairs, 1200 Z pairs
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- SUSY asamodel for new Physics

® Rich diversity, therefore good playground for any kind of new physics

®» New SUSY boson for every SM fermion and new SUSY fermion for every

SM boson
Particle lifetime —
slepton
NLSP s
chargino
NLSP

$® -+ R-parity violation, Higgs searches, etc.
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. A typical missing energy event

® A typical missing energy event, ete™ — (¢~ — ¢+y9 ¢~ 9 (same flavour)

Run:event 9445: 1261 Ctrk(N= 3 Sump= 83.7) Ecal(N= 12 SumE= 2.7)
Ebeam 94.33 Vtx (-0.03, 0.09, 0.44) Hcal(N= 24 SumE= 7.7) Muon(N= 2)

® ... orete —WTW~ —¢tv i (possibly different flavour) background
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- Something found at LEP?

.. apart from lots of limits




- Search Overview

® Sleptons
LEP combination, see
http://1 epsusy. web. cern. ch/| epsusy/ ww/ sl ept ons_summer 02/ sl ep_2002. ht m

® Neutralinos and Charginos
LEP combination, see
http://| epsusy. web. cern. ch/l epsusy/ ww/ i nos_nori ond01/ char gi nos_pub. ht m
and ALEPH [Phys.Lett.B583:247-263,2004]

® Long-lived stable particles
ALEPH [Eur.Phys.J.C31:327-342,2003]

® R-parity violation
OPAL [CERN-EP-2003-036]

® Extra dimensions
DELPHI [DELPHI 2003-040 CONF 660] and OPAL [OPAL PN526]
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. Sfermion Sear ches

$» No signal found,
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® Compare gexa WIth otheo, fOr m; = 80 GeV: g Exclusion up to the kinematic limit
400 events expected, very hard to miss at around 100 GeV
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- Chargino Searches

® Search for events like O\ )
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® Fightlow Am background (yy —qq) g

_ Result also depends on the
with tagged photons

Interference
Background Signal
+
— _ N
electron balances no electron balancing _ _
the ISR photon the ISR photon X %\X

/ \ LO Philip Bechtle DIS 04/2004 — p.9/18




Neutralino mass limits

® Neutralino exclusion mainly depends on searches for Charginos and Higgs

ALEPH
— 1
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E 50

,,,,,,,,,, Char,,gl,nos ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

1 2 5 10 tanf

® Exclusion uses CMSSM GUT relation, no limit on M0 without GUT relation
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. Combining the search results

® Topological searches primarily independent of SUSY scenario

® Now combine searches to investigate given SUSY scenarios (e.g. MSUGRA)
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L ong lived stable particles

dE/dx (keV/cm)
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® Search for events with few

very highly ionizing tracks

Interprete search results in
terms of stable ¢, £ or x;
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- R-Parity Violation

® Search for everything from

OPAL OPAL
2 leptons H0 O SO0RL L T s |
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$» with and without missing

energy (neutrinos) M d
® direct ({—¢X) or indirect AN.d
(£ — xX)
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. Extra space dimensions

Randall-Sundrum—Model

Oscillations:
Radion
Planck SM
warped -
spacetime
® Rolled extra dimensions ® One extra dimension with fixed width
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- Photon sear ches

ee - yG DEL PHI

HPC+FEMC acceptance
Vs = 181-209 GeV

=
o
| H

95% C.L.
Limit

Cross section at 208 GeV (fb)
= =
o o
WN w

=
o

- M, =0.59 TeV

1v

Background

IR B S N S H R B R R I B R N SRR N SR

o4 06 08 1 12 14 16 18 2
M, (TeV)

® Tighter limits for low number of extra dimensions
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Randall-Sundrum Radions

$® Higgs bosons and radions mix with mixing parameter £ at scale Ay,
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® Limits on scalar particles lowered down to 58 GeV
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- Summary and Outlook

® |arge number of different phenomena investigated
# R-parity conserving and violating SUSY
» Compositeness
& extra space dimensions
#® + Higgsetc....

o

Very few spaces for loopholes left

°

Years of fruitful interaction with the theory community and the LEP machine
group
Still some searches and interpretations to come

| I

Precision data show clear sign of new phenomena, to be expected at the
LHC and the LC
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. Outlook toLHC and LC

® Supersymmetry fits to WMAP and other cosmological data
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