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ABSTRACT: In year 2000 four LEP experiments (ALEPH, DELPHI, L3 and OPAL) have
collected data at various centre-of-mass energies between 202 and 209 GeV. The typical
collected integrated luminosity per experiment is about 220 pb~!. This paper describes
recent LEP results on indirect and direct searches for contact interactions, additional
heavy neutral gauge boson Z/, leptoquarks, gravity in extra dimensions and technicolour.

All discussed results include the data obtained in year 2000.

1. Contact Interactions

Contact interactions provide a general framework to describe new interactions. Following
reference [], contact interactions are parameterized by an effective Lagrangian, £, which
is added to the Standard Model (SM) Lagrangian and has the form:
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fermion spinors, ¢ is effective coupling, A is an en- IL 1 0 0 0

RR 0 +1 0 0
LR 0 0 +1 0
RL 0 0 0 +1
i ) i \'AY +1 +£1 +£1 +1
convention, the compositeness scale A is defined AA 41 41 F1 ¥l
VO +1 +£1 0 0
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ergy scale, which is equivalent to the mass of the ex-
changed particle, d.f is equal to 1 for the e*e™ final
state, otherwise is 0. The parameters 7;; determine
the type of chiral coupling of the four fermions. By

such that the unknown coupling constant satisfies
g?/4m = 1 and that the largest |n;;| = 1. The dif-
ferent models are defined by the values of the pa-

rameters 7;; as shown in Table 1. The 4 signs Table 1: Different models of contact in-
teractions.

denote positive and negative interference with the
SM amplitudes, respectively.
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Contact interactions would affect the cross
section and forward-backward asymmetry mea-
surements in fermion pair production. Since there
are no significant deviations from the SM predic-
tions, limits on A are derived. Table 2 shows the
limits on the scale A for ete™ — £(u™p~ and
7t77) and eTe™ — bb final states [2, 4, 7, 8, B
Slightly lower limits are obtained for cé-quarks.

2. New Heavy Neutral Gauge Boson Z'’

Additional heavy neutral vector bosons are pre-
dicted in many theories, like Eg models, left-right
symmetric models and Sequential SM extension
model. In eTe™ annihilation the lightest one can

Model 24 bb

A= AT A= AT
LL 98 165 | 9.3 118
RR 9.4 15.8 22 7.9
LR 16.5 26.2| 9.9 13.6
RL 140 21.7|11.6 14.9
\'AY 8.5 11.2 3.1 5.5
AA 8.5 11.2 7.0 25
VO 13.5 229 | 11.0 14.0
A0 13.2 156 | 6.4 4.0

Table 2: 95% CL lower limits in TeV on

the scale A for ¢/ and bb final states, com-

bined from all LEP experiments.

affect the cross section and asymmetry measurements even if its mass is larger then 4/s.

Fits are made to the mass of Z' and to the mixing angle between the two bosonic fields,

©,,, using the cross section and asymmetry measurements from LEP1 and LEP2.

This is done using models obtained from Model | single exp. | LEP combined

E¢ GUTs or left-right gauge group. In both " 160 - 634 715

cases a mixing angle, denoted as Og or ajpg, " 975 - 336 480
respectively, appears. Specific choices of Og 0 330 - 450 450

mixing angle are defined as x(0g = 0), ¥(Og = LR 412 - 469 860

m/2) and n(O¢ =-arctan(4/5/3)) models. In SSM | 656 -1280 9090

the left-right symmetric model the coplings gy,

and g are assumed to be equal. In the Se- Table 3: 95% CL lower limits in GeV on

quential SM extension model Z' has the same
couplings as the SM Z boson. No evidence
is found for the existence of Z' in any of the

m, from the single LEP experiments and from
LEP combined data.

models. The mass limits obtained in the single LEP experiments and from LEP combined

data are shown in Table 3 for different models [2, 7, §, 9]

-

3. Leptoquarks

These particles carry baryon and lep-
ton numbers. They have colour, elec-
tric charge and weak isospin, and cou-
ple to the standard gauge bosons. As-
suming dimensionless interactions with

SM fermions and gauge invariance, there 10 4. 95%

could be 9 scalar states, S, and 9 vec-
tor states, V, grouped in two singlets,

Scalar LQ type single exp. LEP comb.
So(L) — eu 530 - 632 789
So(R) — eu 103 - 410 639
So(R) — ed 112 - 170 210
S1/2(L) — eu 90 - 179 190
S1/2(R) — eti,ed | 149 - 158 240

leptoquarks.

CL lower mass limits in GeV for scalar
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two doublets and a triplet of isospin. Only the mass, my, and the coupling to fermions,
A, remain as free parameters.

In the process eTe™ — qq, lepto-

i Vector LQ type | single exp. LEP comb.
quarks of the first generation can be
) Vija(L) — ed 167 - 230 305
exchanged in the ¢-channel or u-channel
) ) Vij2(R) — eu,ed | 199 - 340 227
and can modify the hadronic cross sec- ~
. . Vija(L) — eu 120 - 156 176
tion. Therefore, the comparison of the -
. . Vo(L) — ed 750 - 829 1070
cross section measurement with the- -
tical dicti 1 ‘ " Vo(R) — ed 147 - 148 167
oretical predictions allows one to se ~
l'p't o emtora Vo(R) — et 350 - 409 197
upper limits on the leptoquarks cou- -
bp prod Vi(L) — eti,ed | 470 - 620 664

plings as a function of its mass, mz.
For a coupling g = Vma, where a is Table 5: 95% CL lower mass limits in GeV for vector
the fine-structure constant, mass limits  jeptoquarks.

can be derived. The results for these

lower bounds on first generation leptoquark masses are shown in Tables 4 and 5 for scalar
and vector leptoquark states, respectively [J, 4, w].

4. Gravity in Extra Dimensions

The large extra dimensions are introduced to solve the hierarchy problem of the Standard
Model by lowering the Planck scale, Mp;, to the TeV scale. These models assume § extra
space dimensions of range R and a fundamental scale M close to the electroweak scale.
These parameters are linked to Mp; (which is not fundamental any more but becomes
merely an effective scale in 3-dimensional space) by the relation MQPI ~RIM*2. Models
with §=1 have already been excluded by ~ 1/r? tests of the gravitational force. § > 2 is
tested at LEP either directly by searching for the graviton G in the reaction ete™ — vG
or indirectly via virtual graviton effects on ete™ — ff, vy rates and distributions.

ALEPH DELPHI L3
M (TeV) | R(cm) |[M(TeV) | R(ecm) |M (TeV)| R (cm)
1.28 2.9.1072 1.38 2.5.1072 1.45 2.3.1072
0.78 1.4-107° 0.84 1.3-107° 0.87 1.2-1079
0.57 5.6 10712 0.58 5.4-10712 0.61 5.2-10712

DB N[ S

Table 6: 95% CL lower limits in TeV on the mass scale M from direct search for the graviton G
in the reaction ete™ — 7G.

The effect of direct graviton emission, eTe™ — vG, leads to single photon plus missing
energy final state. The negative results of this search can be expressed in terms of limits
on the scale M as shown in Fig. 6 [, &].

Among the many difermion and diboson final states tested for presence of virtual
graviton effects at LEP, the most sensitive channels involve dielectron, ete™, and diphoton,
~vv, final states, especially the eTe™ final state where the inteference between t-channel
photon exchange and graviton exchange is expected to be large. No significant deviations
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are found from the SM predictions and the extracted lower limits on the mass scale M are

shown in Table 7 [4, 8, 9, 10].

Process | ALEPH DELPHI L3 OPAL
M=+ ete~ 1.32 - 1.06  1.00
MO =—1 eTe™ 0.88 - 098 1.15
M=+ vy - 082  0.83 0.83
M\ = vy _ 091 099 0.89

Table 7: 95% CL lower limits in TeV on the mass scale M from indirect searches in ete™ —

ete™, ~y final states.
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Figure 1: 95% CL excluded mass region in the (my,,m,.) plane.

5. Technicolour

Technicolour provides electroweak symmetry breaking dynamically by strong interactions

of gauge bosons. Recent extension of technicolour models, the so-called ”topcolour assisted

working technicolour”, avoids the discrepances with electroweak precision measurements,
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flavour-changing neutral current predictions and the large mass of the top quark, and
predicts technicolour scalar w1 and vector meson pr, which can be light enough to be
observed at LEP2. DELPHI [6] searched for these particles in the following channels:

e e"e” — pr — hadrons
e cte™ — pT — WLWL

o ete™ — pr — Wymr, mrmr

Good agreement is observed with the SM expectation in all channels. This is translated
into an excluded region at 95% CL in the (my,,m,,) plane as shown in Figure 1. The pr
production is excluded for m,, < 206.7 GeV.
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