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Searches for new phenomena
beyond supersymmetry at LEP

Hi Leptoquark guys!
Did you see Mrs Low-Gravity?

Did she get trapped in any 
detector yet?
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New phenomena searched for at LEP (and other colliders)

New bosons

New fermions

Gravitons (extra-dimensions)
Leptoquarks (GUT)
Technipions (Technicolor)
Extra gauge bosons: Z ‘ (E6)

new leptons and quarks:
heavy charged leptons (BSM)
heavy neutrinos (BSM)
excited leptons (compositeness)

New interactions Contact interactions (compositeness)
Lepton flavour violation (GUT)
Single top production (FCNC)
Non commutative QED (string th.)

( a non-exaustive list with an arbitrary classification)
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Search for new physics: experimental approches
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Search for Low-scale Gravity 

γ
γ
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Problem:  Why is MPl  , the mass scale at which gravity unifies w/ other forces
much bigger than MEW  , the EW unification mass scale 
or WHY IS GRAVITY SO MUCH WEAKER than the other forces?

Possible solution: Gravity propagates in extra dimensions 
the actual gravity unification scale MD can be of the order of  MEW  , 

the effective 4-dim  gravity constant 
In 4+n dimensions G'N = 1 / MS

2         MS ~ 1 TeV low-scale gravity

Low-scale gravity

MD : fundamental ( 4+n dim)  unification mass,
MS   : mass scale, MS ~  MD
R     : compactification radius

GN 
-1 = MPl

2 = MD
n+2 Rn
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Experimental limits on Newton’s law
extra-dimensions  must be 

compactified at distances
in the submillimiter scale

Gravity: what is known from non-collider experiments

High energy Colliders
LEP, HERA, Tevatron, LHC, …

can test 
new gravity effects

at submillimiter scales
R = ( MPl/MD ) 2/n MD

-1 
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Low-scale gravity: direct search
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Low-scale gravity: direct searches
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Low scale gravity: direct search results

1

10

10 2

10 3

10 4

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

MD (TeV)

C
ro

ss
 s

ec
tio

n 
at

 2
08

 G
eV

 (
fb

)

e+e- → γ G DELPHI
HPC+FEMC acceptance

√s
¬
 = 181-209 GeV

95% C.L.
Limit

MD = 1.36 TeV

MD = 0.84 TeV

MD = 0.59 TeV

n = 2

n = 4
n = 6

0.48 pm0.695
54 fm

13 pm
3.3 nm

0.26 mm

R < 

0.596

0.844
1.053
1.362

MD >
(GeV)

n



Marta Felcini
ETH Zurich

SUGRA20
Northeastern U., Boston, March 17-22, 2003 

11    

Low-scale gravity: indirect searches
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Low-scale gravity: indirect searches
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Low-scale gravity: indirect searches
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Leptoquarks

γ

ν

γ/Z  e

eDirect search for single LQ production

in the direction 
transverse to 

the beam
jet balanced by

an isolated electron
or 

missing energy

Signature

Indirect search
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Leptoqurk results
Limits expressed in terms of coupling vs LQ mass

Direct search for single LQ production Indirect search for virtual  LQ effects
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Leptoquark searches at colliders

from Straub 2003

Leptoquarks have been searched for at LEP, HERA and Tevatron
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Non-commutative QED

preferential
direction

y

x

z

laboratory frame

Non-commutative space-time geometry: Regularizes divergencies in QFT: Snyder (1947)
Renewed Interest: Quantisation of strings w/ background fields

Connes, Douglas, Schwarz JHEP02 (98) 3, Seiberg, Witten JHEP09 (99) 32
Uncertainty relation  [Xµ, Xν] = iθµν , θµν∝1/Λ 2

NC ΛNC =fund.l scale~ MPl,    or  ~TeV  if  large ED 

Only NC QED (w/o quarks) constistently formulated

modifies  e+e- γγ NC QED selects preferred direction(s) in space:

4Λ2
NC

sdσ/dΩ = dσ/dΩSM( 1- sin2θ sin2( pγ
0cΕ

0 ) )according to
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Search for NC QED: results 

ΛNC  = 142 GeV 
independent of 

the preferred direction

Photon angular distributions 



Marta Felcini
ETH Zurich

SUGRA20
Northeastern U., Boston, March 17-22, 2003 

19    

Summary 

HERA II
Tevatron II

LHC

LEP


