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TopicsTopics
 Excited Leptons

 Leptoquarks 

 Heavy Leptons

 Single Top quark

 Technicolor

 Lepton Flavor Violation

 Conclusions

Caveat: No excess of events compared to SM expectation →
95% CL limits
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LEP2 data summaryLEP2 data summary

Typical luminosities and 
center-of-mass energies of data 
collected by each LEP 
experiment

These data will be the highest 
center-of-mass energies collected 
at an e+e- collider for quite some 
time…

Total of ~700 pb-1 per experiment at LEP2 energies



Moriond - 14/03/2002 Other Exotica searches - Paolo Giacomelli - INFN Bologna 4

Excited LeptonsExcited Leptons
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Excited LeptonsExcited Leptons
Pair production
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Excited LeptonsExcited Leptons
Single production

Look for peaks in
invariant mass 
distributions
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Excited LeptonsExcited Leptons
Indirect Searches for Excited Leptons
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Excited LeptonsExcited Leptons
Direct Searches Indirect Searches
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LeptoquarksLeptoquarks

Single Production Pair Production

Leptoquarks are predicted in some composite models. They carry both baryon and 
lepton number and mediate interactions between quarks and gluons.

Assume
LQ interaction

Dimensionless
SU(3)xSU(2)xU(1)
B and L conservation

9 scalars
and

9 vectors
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LeptoquarksLeptoquarks
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Leptoquarks pair productionLeptoquarks pair production
Vector Leptoquarks
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Leptoquarks pair productionLeptoquarks pair production
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Leptoquarks single productionLeptoquarks single production
Scalar LQs
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Leptoquarks single productionLeptoquarks single production
Vector LQs



Moriond - 14/03/2002 Other Exotica searches - Paolo Giacomelli - INFN Bologna 15

Z0, γ
e+

e- L-

L+

Heavy LeptonsHeavy Leptons

L-

W*-

ν
l
   (ν

e
, νµ, ντ

f

mixing

L-

W*-

f

ν
L

ν
L
 stable

m
L 

> mνL

decays through 
mixing

m
L 

< mνL

Production
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Jets and missing energy, Jets + leptons and missing energy. In the second case 
there is even more missing energy.

Topologies

Decay
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Neutral Heavy LeptonsNeutral Heavy Leptons
Production

e+e- → L0 L0- Z0, γ
e+

e- L0

L0-
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f
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Decay

Topology

Isolated leptons plus jets.
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Heavy LeptonsHeavy Leptons
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Neutral Heavy LeptonsNeutral Heavy Leptons
Isosinglet heavy Neutrino

s-channel

t-channel

Ul mixing amplitude with light neutrinos
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Single Top quarkSingle Top quark
FCNC are absent in the SM at tree level.
Even at one-loop level they are severely 
suppressed.

SM: Single Top production Ο 10-19 fb
At LEP2 energies

We can use single Top quark production as 
a probe for new physics!

Several extensions of the SM could enhance 
the production of single Top quarks at LEP.
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Single Top quarkSingle Top quark
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Cross-section limits at each center-of-mass energy

Single Top quarkSingle Top quark

Preliminary LEP combination
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Single Top quarkSingle Top quark

Exclusion in the plane of 
Anomalous couplings

Exclusion in the plane of 
Branching Fractions
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TechnicolorTechnicolor
• Provides a scheme to generate W/Z masses. EW symmetry broken dynamically 
by strong interactions of gauge bosons.
• Introduces new technifermions

which obey a QCD-like

Interaction with an effective scale ΛTC >> ΛQCD

• At ΛTC , TC interation becomes strong → techniquark condensates replace non 
zero VEV of Higgs field:

<TT> = Fπ ~ 246 GeV

• Extensions are worked out to solve problems:
• These extensions call for a large number ND of technidoublets → additional 
scalar (πT, π’T) and vector (ρT, ωT) mesons which can be light enough to be 
observed at LEP2.

TV
α

TD
α

_
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TechnicolorTechnicolor

e+e- → ρT → ff (below WW threshold)

e+e- � → ρT → W+W- (above WW threshold)

-

ρT → W±πT
±, πT

0γ

ρT → πT
-πT

+

Important decays πT
+ → bc, bu

- -



Moriond - 14/03/2002 Other Exotica searches - Paolo Giacomelli - INFN Bologna 25

TechnicolorTechnicolor
No significant contribution of technicolor production is observed

→ 95% CL exclusion region in the (MρT
, MπT

) plane

Mπ > 89.1 (79.8) ND=9 (ND=2)±
T
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TechnicolorTechnicolor

ND = 9, (QU + QD) = 5/3
Mπ > 62.0 (77.0) ND=2 (ND=9)±

T
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Lepton Flavor ViolationLepton Flavor Violation
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SummarySummary
• LEP has been a great success until its very end
• A broad spectrum of new particle searches have been and are still 
actively pursued… but no indication for Physics beyond the SM
• Results are interpreted in various models
• Existing limits have been extended:

plenty of results (final and preliminary) using all the data 
collected at LEP
LEP exotica working group combining results on:

single top, excited leptons, technicolor
• We are working towards FINAL LEP results, most should be ready
for the summer
• Apologies for results which I did not have time to show
• Many thanks to my LEP colleagues who helped me to prepare this
talk


