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Abstract

A search for Flavour Changing Neutral Currents is performed using data taken by

DELPHI detector at LEP-II. The data analysed were accumulated at the centre-

of-mass energies ranging from 192 to 202 GeV. A limit at 95% confidence level was

obtained on the cross section of the reaction e
+
e
− → t̄c + t̄u + CC.





1 Introduction

Flavour Changing Neutral Currents (FCNC) are known to be absent at tree level in the
Standard Model but can naturally appear at one-loop level due to CKM mixing. The
relative suppression of the loop contributions together with the smallness of the non-
diagonal CKM matrix elements ensures only small contributions to FCNC from the SM
[1]. On the other hand many extended models such as supersymmetry [2] and multi-Higgs
doublet models [3] predict the presence of FCNC already at tree level. Some specific
models [4] give rise to detectable FCNC amplitudes.

The energy of the last LEP run (
√

s = 192 − 202 GeV) is well above tc production
threshold and gives the possibility to perform a search for FCNC in the specific process
e+e− → t̄q + tq̄ where q can stand either for u- or c-quark. The advantage of this specific
FCNC consists in the fact that the t-quark can decay into Wb only. This can produce
some distinct signatures both in leptonic and hadronic W decay modes. The numerical
estimations for the expected number of events taking into account the limits on anomalous
vertices recently set by the CDF collaboration [5] can be found in [6].

One can get an almost background-free signature for the decays W → lν, while the
branching ratio is relatively low. The hadronic W decays give about three times higher
event rate while the background situation is less favourable.

This note is devoted to the search of FCNC processes with an intermediate t-quark and
subsequent W decay into leptonic channels as well as into quarks. The data were collected
with the DELPHI detector [7] at

√
s = 192 − 202 GeV and the statistics corresponds to

the integrated luminosity of 30 pb−1 at 192 Gev, 77.5 pb−1 at 196 Gev, 84.3 pb−1 at 200
Gev, and 41.1 pb−1 at 202 Gev.

2 Semileptonic Channel

In the semileptonic channel the final state corresponding to the single top production, is
characterized by having two jets and at least one well isolated lepton (from the W decay).
One of the jets is energetic and the other one is of low momentum.

At the pre-selection stage the events were classified according to the number of jets
and of isolated leptons and photons. Details on the pre-selection are given in reference [9].
Only small adjustments were made with respect to the previous analysis. The minimum
required charged multiplicity was six and all particles (excluding the isolated charged
leptons) were forced into two jets using the Durham jet algorithm [8]. The two jets
were required to have at least one charged particle. No selection criteria were applied to
distinguish different lepton flavours.

The following criteria were applied to the events (level 1):

• the total visible energy was required to be larger than 0.2
√

s;

• the momentum of the most energetic jet had to be larger than 30 GeV/c;

• the momentum of the most energetic isolated charged lepton had to be greater than
5 GeV/c. The charged lepton was required to have hits on the vertex detector (VD);

• the polar angle of the missing momentum had to be between 20◦ and 160◦.
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The Figure 1 represents (at
√

s = 202 GeV and after the level 1 of the selection) the
most energetic lepton momentum (a), the most energetic jet momentum (b) and the angle
between them (c), together with the SM simulation and the expected signal behaviour.
The dots show the data, the shaded region the SM simulation and the dark region the
expected signal behaviour.

After this selection, more specific criteria were applied (level 2):

• The ratio between the electromagnetic energy of the most energetic jet and its total
energy had to be smaller than 0.95. This removes most Bhabha events;

• the polar angle of the most energetic jet had to be between 10◦ and 170◦;

• the polar angle of the least energetic jet (required to have charged particles) had to
be between 10◦ and 170◦ and its momentum had to be lower than the centre-of-mass
energy;

• events with a B hadron decay were selected by requiring the event combined b-tag
variable [10] to be higher than -1.

In order to further reduce the contribution of WW and Weν background, a kinematic
fit to the events was performed assuming they were compatible with a topology of two
jets, one lepton and one neutrino. The overall four-momentum conservation was imposed.
In Figures 2 and 3 are represented (at

√
s = 202 GeV) the reconstructed top mass and

the mass of the two jets respectively, after the selection level 1 and with a loose χ2 cut
of 7. The dots show the data, the shaded region the SM simulation and the top right
picture the expected signal behaviour.

Additional criteria (level 3) were applied in order to further reduce the contamination
from background events, mostly qq̄ and WW . These criteria were the following:

• The polar angle of the most energetic lepton had to be between 20◦ and 160◦, and
the angle between the lepton and the most energetic jet had to be lower then 170◦

and higher then 30◦;

• the angle between the least energetic jet and the most energetic lepton had to be
greater then 30◦ respectively;

• the angle between the two jets had to be lower then 170◦;

• the value of the kinematical fit χ2 was required to be lower then 7 and the two jet
invariant mass had to be lower then 65 GeV/c2;

• the reconstructed mass of the top quark (by taking the four-momentum of the
most energetic jet, of the neutrino and the lepton) was required to be higher then
150 GeV/c2.

In table 1 the number of events which survived the different levels of selection is shown,
together with the expected SM background. The WW and qq̄ events are the main source
of background.

In the present analysis 3 events were found while the expected SM background is
5.2 ± 0.7. The detection efficiency convoluted with the W leptonic branching ratio, is
(8.±0.5)%, (7.±0.5)%, (5.±0.5)% and (5.±0.5)% for centre-of-mass energies of 192 GeV,
196 GeV, 200 GeV, 202 GeV respectively.
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selection level√
s(GeV) 1 2 3

192 215 (200.5±2.9) 29 (22.1±0.9) 1 (0.6±0.2)
196 694 (600.0±8.6) 65 (66.2±2.9) 0 (1.7±0.4)
200 725 (669.3±9.6) 93 (71.9±3.2) 2 (1.9±0.5)
202 348 (324.0±4.7) 33 (34.9±1.6) 0 (0.9±0.2)

Table 1: Number of events passing the sets of cuts corresponding to the selection levels
described in the text for the single top production.

3 Hadronic Channel

In this analysis the events were preselected according to the standard hadronic selections
described in [11]. An additional cut was applied to suppress events with an energetic
muon or electron: the events with leptons above 40 GeV identified as standard electrons
or loose muons (according to the classification described in [7]) were removed.

After that the LUCLUS algorithm with Djoin = 6.5 have been applied to perform the
events clusterization into jets. Only events with at least 3 jets have been selected and
have been forced into 4-jets topology with the same Djoin.

The three most energetic jets have been assumed to originate from the decay t →
bW → bqq̄. Kinematic fits have been performed for the three possible combinations of
two jets out of three that can form a W . The combination with the best χ2 has been
chosen.

As the cross-section for background process is rather high (about 100 pb) different
cuts have been applied to suppress γqq̄ and WW backgrounds.

Due to the b-quark production in the studied FCNC Z/γ decays, the b-tagging algo-
rithms provide powerful tools to suppress WW background. Two-step cuts were applied
- one at the level of the whole event with the combined algorithm [10] and another one
at the level of the b-jet candidate.

The suppression of γqq̄ background is also based on the observation that the initial
two-quark configuration will produce after fragmentation an event with small sphericity
and relatively balanced jets momenta. Figures 4 and 5 represent the distributions of the
b-tagging variable and Eb/Ec the kinematic fit, at

√
s = 196 GeV. The solid lines show

the expected background while dots represent the real data.
The full list of cuts applied was as follows (Ec stands for the energy of the softest jet

in the 4-jet mode while Eb stands for the possible b-jet candidate energy):

• Standard hadronic events selection;

• Number of jets > 4;

• combined b-tag variable > 0.;

• − log(jet b-tag probability) > 3.0;

• Sphericity > 0.2;
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• Eb/Ec > 2.5;

• Evis > 150. GeV.

The signal efficiencies together with the expected and observed numbers of events for
the hadronic W decay mode are summarized in table 2.

Proc. Eff. (%) NOE Eff. (%) NOE
192 GeV 196 GeV

WW 0.050 0.27 0.080 1.17
γqq̄ 0.042 1.21 0.041 2.80

Signal 8.4 7.3
Exp. 1.48 3.97
Obs. 1.0 4.0

200 GeV 202 GeV
WW 0.080 1.29 0.090 0.68
γqq̄ 0.05 3.68 0.05 1.80

Signal 7.9 8.1
Exp. 4.97 2.48
Obs. 2.0 5.0

Table 2: Number of events passing the selections

4 Conclusion

The combination of the data collected at the energies 192-202 GeV both in semileptonic
and hadronic channels results in the upper limit on the cross-section for the process
e+e− → Z/γ → tq to be < 0.32 pb (95% CL) at the mean energy of 199 GeV. This
number gives a straightforward input to set a limit on the branching ratio t → Zc(u)
following the formulae in [6]. As the cross-section of the FCNC process strongly depends
on the t-quark mass this limit should be considered as a function of this mass contrary
to the CDF result [5] where this process was searched for in the direct decay channel.

The Figure 6 represents the preliminary DELPHI result on the branching ratio t →
Zc(u).
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Figure 1: FCNC search after Level 1: the most energetic lepton momentum (a), the most
energetic charged jet momentum (b) and the angle between them (c). The dots show the
data, the shaded region shows the SM simulation and the dark region is the expected
signal behaviour for a top quark mass of 175 GeV/c2.
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Figure 2: FCNC search after Level 1: the reconstructed top mass distribution, assuming
a loose chi-squared cut of 7. The dots show the data, the shaded region shows the SM
simulation and the dark region is the expected signal behaviour for a top quark mass of
175 GeV/c2.
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Figure 3: FCNC search after Level 1: the two jets invariant mass distribution, assuming
a loose chi-squared cut of 7. The dots show the data, the shaded region shows the SM
simulation and the dark region is the expected signal behaviour for a top quark mass of
175 GeV/c2.
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Figure.4 The combined b-tagging variable distribution. The expected signal is shown
in the upper right corner.
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Figure.5 Eb/Ec distribution. The expected signal is shown in the upper right corner.
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Figure.6 DELPHI upper limit on the branching ratio Br(t → Zc) + Br(t → Zu) as
a function of the t-quark mass.
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