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1 Introduction

An update is presented of the DELPHI results on searches for new particles in e

+

e

�

inter-

actions, including the preliminary new data at 189 GeV taken this year. The integrated

luminosity recorded by the experiment is of approximately 34 pb

�1

of which most has

been used in the following analyses. Until now, no evidence was found for the production

of new particles. The present data allow to improve the exclusion limits in the areas of

the neutral, the invisible and the charged Higgs bosons, the charginos, the neutralinos

and the sleptons in the MSSM framework and the neutralinos and the staus in the Gauge

Mediated Supersymmetry Breaking (GMSB) scenario. The exclusion limit on FCNC in

the decay of the top quark are also improved by including the 189 GeV data.

2 Search for Neutral Higgs Bosons

We have updated our search for neutral Higgs bosons described in [1] to include the data

taken at 189 GeV. All eight channels used in the previous paper have been applied to the

new data.

The analyses selections have been tuned to re
ect the higher background from ZZ

events at 189 GeV. The �nal working points have not been optimised, but are taken at

the same e�ciency as was used in 1997. The candidate Higgs masses, and background

expectation from this latest data in the ZH channel after all selection criteria are shown

in �gure 2 and table 1 and 2.

channel background luminosity events signal

He

+

e

�

0.34

+0:07

�0:06

33.2 0 0.16

H�

+

�

�

0.48�0:08 31.9 0 0.23

H��� 0.51�0:06 33.4 1 0.74

Hq�q 2.55�0:12 31.0 3 2.48

(H! q�q)�

+

�

�

0.17�0:05 33.0 0 0.05

(H! �

+

�

�

)q�q 0.73�0:11 33.0 0 0.12

hA! �

+

�

�

q�q 0.17�0:05 33.0 0 0.05

hA! b

�

bb

�

b 0.61�0:09 31.0 0 0.73

Table 1: Expected background, integrated luminosity, number of observed events and

signal expectation in all channels. The number of signal events is given at 90 GeV=c

2

in

the ZH search and 80 GeV/c

2

and tan �= 20 in the hA .

The candidate event near the Z

0

mass is shown in �gure 1. It has four distinct jets,

and two detached secondary vertices were reconstructed in the jets of the Higgs candidate.

2.1 The SM Higgs boson

All results in this section are found using the data in combination with that taken at

183 GeV.

The compatibility of the observed data with the background hypothesis has been

checked by �nding the fraction of background-only experiments which have a smaller
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channel Mass x

b

Hq�q 91.5 2.0

Hq�q 70.4 2.5

Hq�q 68.7 1.9

H��� 62.8 0.9

Table 2: An overview of the candidates. x

b

is the combined b-tagging variable used; all

these candidates show signi�cant evidence for b-quarks.

likelihood ratio for each putative Higgs mass. This is the CL

b

shown in �gure 3, where no

statistically unlikely results can be seen. This is not surprising, as four candidates were

found while the expected background was 4.8.

The con�dence with which the SM Higgs boson can be excluded at each mass is

calculated using CL

s

= CL

sb

=CL

b

, which is shown in �gure 4. The observed 95% CL

lower limit on the mass, allowing for the errors on the background rates, is

m

H

> 89:6 GeV=c

2

while the expected 95% CL lower limit is

m

H

> 89:5 GeV=c

2

2.2 MSSM Neutral Higgs searches

No candidates are observed, while the expected background is 0.78. These results are

combined with our data taken between 161 and 183 GeV.

The results translate into regions of theMSSM parameter space excluded at 95% CL.

Except for m

A

at low tan�, they are not strongly dependent on the assumption about

the mixing in the stop sector. The results are �rst presented in the (m

h

, tan �) plane

in Figure 5. Whatever the assumption on the mixing, a 95% CL lower limit on m

h

is

derived for all values of tan� greater than or equal to unity:

m

h

> 77:5 GeV=c

2

This limit arises from the performance of the searches at large tan � , i.e. in the hA

channel. The expected limit is 74.2 GeV=c

2

. For the no mixing assumption, given that

m

h

is tightly constrained by the theory, all values of m

A

are excluded in the low tan �

region, providing a lower limit on tan� :

tan� > 2:2

The projection into the (m

A

, tan �) plane is shown in �gure 6. We set a limit on m

A

at:

m

A

> 78:3 GeV=c

2
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3 Search for invisible Higgs Bosons

This note presents an update to the search [2] for the channel e

+

e

�

! hZ, with Z! q�q

or �

+

�

�

and the Higgs decaying into stable non-interacting particles rendering it invisible.

The update considers a data sample corresponding to a luminosity of 27 pb

�1

accumulated

by DELPHI at 189 GeV centre of mass energy, in which the hadronic decay mode has

been analyzed.

The analysis selection, constructed for the 183 GeV samples, has been reoptimized

using the same procedure as before and based on the simulation samples generated at

the new energy point. The simulation sets are analogous to the lower energy with the

exception that EXCALIBUR [3] generator has been used to describe four-fermion �nal states.

3.1 Selections

Preselections were de�ned in three steps 'A', 'B' and 'C'. The agreement between the

data and simulation was checked at each step. The preselection for multihadronic events

(A) was kept unchanged compared to the 183 GeV analysis. The algorithm de�ning the

selection for photon hermeticity (B) has been updated for improved e�ciency and purity.

The loose selections to de�ne the signal region (C) have been tuned corresponding to the

change in the centre of mass energy. The event selection using the iterated nonlinear

discriminant method [4] was optimized in the same way as in the 183 GeV samples.

3.2 Selection results

The number of data events, the expected background and signal e�ciencies in various

steps of the selections are summarized in tables 3 and 4. The �nal selection consists of

10 data events, with an expected background of 12.0�0.6(stat.)�4.0(syst.). The relative

systematic uncertainties are estimated conservatively to be the same as in the 183 GeV

analysis.

The rates in data and simulation are in agreement, no structure is observed in the recoil

mass distribution and the limits on the cross section and invisible Higgs mass computed

at lower centre of mass energies can be updated.

Selection Data total MC q�q
 4-f 

+bhabha

Step A 3982 3716�15 2400�1 442�1 740�42

Step B 3817 3461�2.4 2308�1 415 �1 739�14

Step C 172 135.5�1.5 75.4�0.7 59.5�0.9 0.46� 0.24

1st IDA 22 26.3�0.8 8.6�0.3 22.6�0.7 0.0

�nal 10 12.0�0.6 1.0�0.1 11.0�.6 0.0

Table 3: Hq�q channel: Data and simulated background rates after di�erent steps of the analysis.

3.3 Limits

The observed and expected rates of events and their recoil masses in the working point

selection were combined with the previous data sets in the two non-overlapping channels
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Preselection E�ciency [%] for di�erent m

h

(GeV=c

2

)

60 65 70 75 80 85 90

Step A 96.1 97.7 97.4 96.2 97.4 97.6 96.2

Step B 88.3 89.8 89.8 89.5 90.3 90.2 89.3

Step C 73.0 74.5 75.4 72.4 74.4 75.3 69.4

1st IDA 64.8 65.5 68.0 66.5 69.5 70.5 64.0

�nal 45.9 49.8 53.7 53.9 57.9 57.0 49.1

�(stat.) 1.6 1.6 1.6 1.6 1.6 1.6 1.5

�(syst.) 4.6 5.0 5.3 5.3 5.8 5.7 4.9

Table 4: Hq�q channel: Signal e�ciencies after di�erent steps of the analysis

Hq�q at 161-183 GeV and H�

+

�

�

at the 183 GeV centre of mass energy.

Figure 7 displays the observed and expected upper limits on the cross section for the

process e

+

e

�

! Z(anything)h(invisible) as function of the Higgs mass. From the com-

parison with the standard model Higgs cross section one �nds for the observed (expected)

mass limit 85.0 (85.5) GeV=c

2

.

Using the DELPHI limits on the visible higgs cross section [1] and including the

preliminary 189 GeV results a new lower mass limit of 84.3 GeV=c

2

is set, independent

of the hypothesis on the fraction of invisible decay modes, as is apparent from �gure 8.

For the Majoron model the excluded region in the mixing angle versus Higgs mass plane

is shown in �gure 9.

4 Search for Charged Higgs Bosons

This is an update of the charged Higgs boson search described in paper [5]. An additional

27 pb

�1

collected at a centre of mass energy of 189 GeV have been analysed using the

same procedure as for the data collected at 183 GeV. The de�nition of the likelihood

functions and the optimisation of the cut values have not been redone for the new data

set. Thus, the same values for the data selection cuts as at 183 GeV have been used,

except for the cases where the cut value scales with

p

s, in which case the scaled values

have been used.

Tables 5{7 show the result of the analysis of the new data set and correspond to tables

1{3 at 183 GeV in the original paper.

Figure 10 shows the new observed exclusion limit for the charged Higgs boson obtained

by including the new data set at 189 GeV, as well as the expected limit. Also shown is the

previously observed exclusion limit obtained without the 189 GeV data. The agreement

between the observed and expected limits with the new data set included is satisfactory.

From the present analysis we conclude that the mass of the charged Higgs boson is greater

than 59.2 GeV/c

2

for all values of the decay branching ratio of the charged Higgs boson.
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Selection Data Total W

+

W

�

QCD E�ciency H

+

H

�

Bkg Bkg Bkg (M

H

=60 GeV/c

2

)

Event preselection 289 299 195 104 0.82

4 Jets 148 165 121 44 0.55

�M and anti-b cut 59 62 53 9 0.30

40 < M

JJ

< 70 16 12.9 8.4 4.5 0.25

Probability Cuts 3 4.0 2.6 1.4 0.17

Table 5: Number of selected events and signal e�ciency in the hadronic �nal state at

di�erent stages of the event selection procedure for

p

s = 189 GeV.

Selection Data Total W

+

W

�

QCD E�ciency H

+

H

�

Bkg Bkg Bkg (M

H

=60 GeV/c

2

)

Event preselection 365 439 193 244 0.68

� selection 148 182 108 72 0.54

40 < M

JJ

< 70 20 25.6 11.7 13.1 0.41

Probability Cuts 2 1.89 1.46 0.43 0.31

Table 6: Number of selected events and signal e�ciency in the semi-leptonic �nal state

at di�erent stages of the event selection procedure for

p

s = 189 GeV.

5 Search for Charginos

An update of the searches for charginos and neutralinos is presented, based on a data

sample corresponding to the 34.0 pb

�1

recorded by the DELPHI detector in 1998, at

a centre-of-mass energy of 189 GeV. The same selection criteria used at the centre-of-

mass energy of 183 GeV are used here. Similar e�ciencies are obtained. The detailed

description of the analysis can be found in [6].

The total number of background events expected in the di�erent topologies in the

neutralino LSP scenario and in the gravitino LSP scenario is shown in tables 8 and 9,

together with the number of events selected in the data. All the selected events are

compatible with the expectation from the background simulation. As no evidence for a

signal is found, exclusion limits are set.

Selection Data Total W

+

W

�

QCD E�ciency H

+

H

�

Bkg Bkg Bkg (M

H

=60 GeV/c

2

)

Event preselection 132 128 18 94 0.57

Angular cuts 9 12.2 12.0 0.08 0.36

Energy cuts 3 5.8 5.5 0.06 0.27

Table 7: Number of selected events and signal e�ciency in the leptonic �nal state at

di�erent stages of the event selection procedure for

p

s = 189 GeV.
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PRELIMINARY

E

cm

= 189 GeV, L = 34 pb

�1

Chargino channels (stable neutralino)

Non-degenerate selection Degenerate selection

Topology: jj` jets `` jj` jets ``

Obs. events: 0 10 5 3 4 1

Background: 0.68 � 0.3 4.10 � 0.4 5.61 � 0.4 2.3 � 0.5 3.0 � 0.5 1.26 � 0.3

Total:

Obs. events: 15 8

Background: 10.39 � 0.6 6.56 � 0.8

Table 8: The number of events observed in data and the expected number of background events

in the di�erent chargino search channels under the hypothesis of a stable neutralino.

PRELIMINARY

E

cm

= 189 GeV, L = 34 pb

�1

Chargino channels (unstable neutralino)

Non-degenerate selection Degenerate selection Ultra-degenerate selection

Obs. events: 2 0 1

Background: 2.97 � 0.4 0.52 � 0.3 0.51 � 0.1

Table 9: The number of events observed and the expected number of background events in the

di�erent �M cases under the hypothesis of an unstable neutralino.

5.1 Results in case of a stable neutralino

Fig. 11 shows the chargino production cross-sections as obtained in the MSSM at

p

s = 189 GeV for di�erent chargino masses for the non-degenerate and degenerate cases.

To derive the chargino mass limits, constraints on the process Z! ~�

0

1

~�

0

2

! ~�

0

1

~�

0

1


 were

also included. These were derived from the DELPHI results on single-photon production

at LEP 1 [7].

The chargino mass limits are summarized in Table 10. The table also gives, for each

case, the minimum excluded MSSM cross-section provided that M

~�

�

1

is below the appro-

priate mass limit. These cross-section values are also displayed in Fig. 11.

The excluded region in the plane of neutralino mass versus chargino mass, assuming

a heavy sneutrino, is shown in Fig. 12.

In the non-degenerate case with a large sneutrino mass (> 300 GeV=c

2

), the lower

limit for the chargino ranges between 93.5 GeV=c

2

(for a mostly higgsino-like chargino)

and 91.2 GeV=c

2

(for a mostly wino-like chargino). The minimum excluded MSSM cross-

section at

p

s = 189 GeV is 1.0 pb, provided that M

~�

�

1

is below 91.2 GeV=c

2

.

In the degenerate case (�M = 5 GeV=c

2

), the cross-section does not depend signif-

icantly on the sneutrino mass, since the chargino is higgsino-like under the assumption

of gaugino mass uni�cation. The lower limit for the chargino mass, shown in Fig. 11, is

7



89.9 GeV=c

2

. The minimum excluded MSSM cross-section is in this case 1.22 pb.

A lower limit of 30.6 GeV=c

2

on the lighest neutralino mass is then obtained assuming

M

1

=M

2

>

�

0:5 , valid for tan� � 1 and a sneutrino mass > 300 GeV=c

2

, using the

obtained chargino exclusion regions and including the DELPHI results [7] on the process

Z! ~�

0

1

~�

0

2

! ~�

0

1

~�

0

1


 . The lower mass limit is obtained for tan � = 1, � = -60.52 GeV=c

2

,

M

2

= 51.38 GeV=c

2

. Fig. 12 shows the limit on M

~�

0

1

in the (M

~�

�

1

,M

~�

0

N

) plane.

5.2 Results in case of an unstable neutralino

The chargino cross-section limits corresponding to the case where the neutralino is un-

stable and decays via ~�

0

1

!

~

G
 are computed as explained in section 5.1 and they are

shown in Fig.11, and in table 10. In the non-degenerate case the chargino mass limit at

95% con�dence level is 93.6 GeV=c

2

for a heavy sneutrino, while in the ultra-degenerate

case (�M = 1 GeV=c

2

) the limit is 93.7 GeV=c

2

. The minimum MSSM cross-section

excluded by the above mass limits are 0.41 pb in the non degenerate case and 0.37 pb in

the ultra-degenerate case.

PRELIMINARY

E

cm

= 189 GeV, L = 34 pb

�1

Case m

~�

M

min

�

�

�

max

N

95%

(GeV=c

2

) (GeV=c

2

) (pb)

Stable neutralino

�M > 10 GeV=c

2

> 300 91.2 1.0 15.4

�M = 5 GeV=c

2

> 41 89.9 1.22 9.2

Unstable neutralino

�M > 10 GeV=c

2

> 300 93.6 0.41 4.58

�M = 1 GeV=c

2

> 41 93.7 0.37 4.35

Table 10: 95 % con�dence level limits for the chargino mass, the corresponding pair production

cross{sections limits at 189 GeV and the 95 % con�dence level upper limit on number of observed

events, for the non{degenerate and a highly degenerate cases, in the \Neutralino LSP" and

\Gravitino LSP" scenarios. The limits apply for a heavy sneutrino (m

~�

> 300 GeV=c

2

).
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6 Search for Scalar Leptons

The data collected by DELPHI during 1998 has been used to search for staus. This data-

set corresponds to an integrated luminosity of 34 pb

�1

. The event selection cuts were

identical to the analysis of the data collected in 1997 at E

cms

= 183 GeV [8].

The selection e�ciency for the stau signal was estimated by using the same cut values

as obtained for E

cms

= 183 GeV. To verify this assumption, an e�ciency scan was per-

formed for an LSP mass of 20 GeV/c

2

at E

cms

= 189 GeV. It is found that the dependence

on the stau mass of the e�ciency closely follows that at the lower E

cms

, but with a slight

shift to lower values. This shift was 3 %, and was applied as an over-all reduction at all

points in the mass-plane when calculating the excluded area.

Seven candidates were found, with a total background of 6.10 � 0.49 events. Of this

number, 0.93 events from 

 interactions were considered as un-subtractable background

when calculating the exclusion region. The break-down of the background in di�erent

channels is given in table 11. The excluded region for a righthanded stau combining all

data collected by DELPHI at 130, 136, 161, 172, 183, and 189 GeV is shown in �gure

13. One observes that by including the data at 189 GeV, the obtained limit increases by

around 3.5 GeV/c

2

at large mass di�erences, while the expected limit increases by 4.5

GeV/c

2

in the same region.

4 fermion events 4.42 � 0.44

Z=
 ! �

+

�

�

0.55 � 0.14

Z=
 ! q�q 0.05 � 0.03



 ! e

+

e

�

; �

+

�

�

; �

+

�

�

0.93 � 0.15

Total 6.10 � 0.49

Events observed 7

Table 11: Expected background from di�erent sources.

7 Study of single photon events

The energy spectrum and recoil mass distribution of the single-photon events collected

at

p

s = 189 GeV have been studied in the polar-angle regions 13

�

< �




< 32

�

(forward)

and 45

�

< �




< 88

�

(barrel). The total integrated luminosity of the analysed sample

amounts to 26.5 pb

�1

. Only photons with measured energy greater than 6 GeV were

considered. The detailed description of the selection requirements applied to the data

can be found in [9]. The photon energy spectrum and the recoil mass distribution of the

selected events are shown in Figure 14, where they are compared with the main Standard

Model background of e

+

e

�

! ��
 events as simulated with the KORALZ [10] generator.
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8 Search for new physics in events with photons and

missing energy

Pairs of photons with missing energy are expected from reactions like e

+

e

�

! YY with

the subsequent decay Y! X
, where X is a neutral undetected particle. Such processes

are expected in supersymmetric models with gauge-mediated supersymmetry breaking

(GMSB) [11, 12, 13, 14, 15], where the Y particle can be the lightest neutralino (~�

0

1

)

decaying to a photon and a gravitino (

~

G), and in more conventional SUSY models [16, 17]

with ~�

0

1

-LSP, where the Y and X are identi�ed with ~�

0

2

and ~�

0

1

respectively. The main

Standard Model background consists of e

+

e

�

! ��

(
) events.

This section describes an update of the search for anomalous production of photon

pairs with missing energy already applied to the data collected at lower centre-of-mass

energies [18]. The data considered in this update are those collected by the DELPHI

detector at the centre-of-mass energy of 189 GeV, corresponding to a total integrated

luminosity of 25 pb

�1

. All the results presented here are very preliminary.

As for the previous analyses the search is based on a two-step procedure:

� First events with two energetic photons and missing transverse energy are selected.

This preselection is used in order to monitor the modelling of the Standard Model

process e

+

e

�

! ��

(
) which dominates the expected background.

� In a second step the signal is enhanced over the background by requirements for

missing mass, transverse momentum or polar angle. The cuts involved in this second

step depend on the assumption about the X particle, which can be extremely light

(as in the case of the gravitino in GMSB models) or relatively heavy (as the ~�

0

1

in

the SUSY scenario considered in [17]).

8.1 Event preselection

Year

p

s (GeV)

R

L (pb

�1

) Data e

+

e

�

! ��

(
)

1995 130 2.92 0 0.73�0.02

1995 136 3.01 0 0.70�0.02

1996 161 9.58 1 1.39�0.03

1996 172 9.85 3 1.09�0.03

1997 130 3.05 0 0.77�0.02

1997 136 2.91 0 0.68�0.02

1997 183 49.73 6 4.78�0.12

1998 189 26.50 3 2.35�0.21

Total 130-189 107.55 13 12.49�0.30

Table 12: The year of data taking, the centre-of-mass energy, the integrated luminosity,

the number of events passing the preselection of two-photon events with missing energy

and the number of background events expected in the Standard Model.

In the data sample analysed three events pass the preselection requirements. The

background expected from the e

+

e

�

! ��

(
) process amounts to 2.35 events at

p

s =

10



189 GeV according to the KORALZ model [10]. The contribution of the other background

sources has been estimated to be negligible.

In Figure 15 the missing mass distribution is compared with the KORALZ expecta-

tions. Table 12 summarises the number of events found and expected from the background

at the various centre-of-mass energies. A good agreement is found between the observed

data and the background simulation. Summing up all data samples, 13 events were found,

while 12.5 events were expected from the Standard Model background.

p

s Run/Event E


1

E


2

�


1

�


2

M

miss

M

max

~�

0

1

(GeV) (GeV) (GeV) (

�

) (

�

) (GeV/c

2

) (GeV/c

2

)

189 83889/3889 73.1 8.4 105.9 123.1 73.7 66.6

Table 13: The relevant features (photon energies, photon polar angles and missing mass)

of the candidate events found in the search for the reaction e

+

e

�

! YY! X
X
, in the

case of a massless X particle.

p

s (GeV) Data e

+

e

�

! ��

(
)

130 0 0.17�0.01

136 0 0.15�0.01

161 0 0.36�0.02

172 2 0.33�0.02

183 0 1.65�0.08

189 1 0.89�0.12

Total 3 3.55�0.11

Table 14: The number of candidates found in the data and expected from the e

+

e

�

!

��

(
) background as a function of the centre-of-mass energy. The results correspond

to the search for the reaction e

+

e

�

! YY! X
X
 where the X particle is practically

massless.

8.2 Case of massless X particles

One event was found in the data taken at

p

s = 189 GeV passing the �nal selection for

the m

X

� 0 case. The event features are described in Table 13. The background expected

from Standard Model processes amounts to 0.9 events. The maximum Y mass compatible

with the features of the selected candidate is 66.6 GeV/

2

.

The number of detected events at each centre-of-mass energy are summarised in Ta-

ble 14, together with the corresponding background estimates. No excess of events was

found in the data.
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8.3 Case of massive X particles

In the analysis optimised for a massive X particle, one event was found while 0.9 were

expected from the background simulation. This candidate is the same as the one selected

in the massless X case and is described in the previous section. The distribution of the

various data candidates among the centre-of-mass energies are described in Table 15.

p

s (GeV) Data e

+

e

�

! ��

(
)

130 0 0.38�0.02

136 0 0.35�0.02

161 0 0.45�0.03

172 1 0.36�0.02

183 3 1.85�0.09

189 1 0.93�0.12

Total 5 4.32�0.13

Table 15: The number of candidates found in the data and expected from the e

+

e

�

!

��

(
) background as a function of the centre-of-mass energy. The results correspond

to the search for the reaction e

+

e

�

! YY! X
X
 where the X particle is massive.

8.4 Limits on the signal cross-section

Since no evidence for a signal was found in the data, cross-section limits for the process

e

+

e

�

! YY, followed by Y! X
, were derived for each considered centre-of-mass energy

and any X,Y mass combination.

The cross-section limits have been calculated at

p

s = 189 GeV using the 1998 data

sample separately and combined with the other data samples collected at lower centre-of-

mass energies. The combined limit was obtained with the Likelihood ratio multichannel

method. The cross-section limits are shown in Figure 16 and in Figure 17.

9 Search for single-photon events with the photon

not coming from the interaction region

A search for single-photon events in which the photon shower axis, as reconstructed in the

HPC calorimeter, does not point at the beam interaction region has been performed on

the data collected at

p

s = 189 GeV. Events of this kind are not expected in the Standard

Model (apart from those produced by the �nite angular resolution of the HPC shower

reconstruction algorithm).

In the framework of Gauge-Mediated SUSY Breaking models (GMSB) [11, 12, 13,

14, 15] such events could be the signature for neutralino pair-production followed by the

subsequent decay ~�

0

1

!

~

G
 with relatively long lifetime.

The selection criteria considered in this update are identical to those applied to the

data taken at lower centre-of-mass energies and described in [18]. The basic requirement

12



for this search is a cut rejecting events with reconstructed shower impact parameter

smaller than 40 cm with respect to the beam spot.

No candidates were observed in the 1998 data sample, corresponding to an integrated

luminosity of 26.5 pb

�1

, while 0.1 events were expected on the basis of the Monte Carlo

simulation of the e

+

e

�

! ��
 background process.

10 Search for Neutralinos in light gravitino scenarios

with ~� NLSP

This search, described in [19] of this conference, was updated for a luminosity of � 34pb

�1

at

p

s = 189 GeV. If produced, each lightest neutralino (~�

0

1

) would promptly decay into a

stau (~�) and a � . It is assumed that staus decay promptly through the reaction ~� ! �

~

G,

where

~

G is a gravitino. These last particles are, for the e�ects of kinematics, massless.

R-parity is assumed to be conserved, implying that

~

Gs escape the detector undetected.

Thus, the �nal topology searched for consists of four �s and missing energy.

The analysis described in [19] was not modi�ed. The cuts in the analysis are:

� Cuts against 

 backgrounds: which include cuts on the transverse energy, the en-

ergy in a cone of 30

o

around the beam axis and the missing mass. After these cuts,

the 

 background is reduced by a factor of the order of 30.

� Cuts against f

�

f(
) backgrounds: by imposing a maximum number of good tracks,

a cut on the thrust, on the two jet acoplanarity and on the minimum missing mass

of the events After these cuts, the f

�

f(
) background was reduced by a factor of the

order of 15.

� Cuts based on topology: signal events tend naturally to cluster into a 4-jet topology.

All jets should be away from the beam-pipe direction. When reduced by the jet

algorithm into a 2-jet con�guration, each of these jets should be broader than 20

o

and well separated from each other.

The expected background for 34 pb

�1

at

p

s = 189 GeV, is 0.33 events. No candidates

were found in the data sample. Thus, new lower limits on production cross section and

neutralino masses can be derived.

We follow the same model [20] as in reference [19]. This is a general model with only the

assumptions of radiative electroweak symmetry breaking and null trilinear couplings at the

messenger scale. The corresponding parameter space was scanned as follows: 1 � n � 4,

5 TeV � � � 900 TeV, 1:1 � M=� � 9000, 1:1 � tan � � 50, and sign(�) > 0. n is

the number of messenger generations in the model, � is the ratio between the vacuum

expectation values of the auxiliary component super�eld and the scalar component of the

super�eld and M is the messenger mass scale; tan� and � are de�ned as for the MSSM.

Figure 18 shows the new excluded regions in the (m

~�

1

; m

~�

0

1

) space. Two other analyses

are taken into account. The �rst is the search for lightest neutralino pair production in

the region of the parameter space where ~�

0

1

is the NLSP [21]. Within this scenario, the

neutralino decays into a gravitino and a photon. The second is the search for ~�

1

-pair

production in the context of the MSSM. In the case where the MSSM ~�

0

1

is massless, the

13



kinematics correspond to the case of ~�

1

decaying into a � and a gravitino, except for spin

e�ects, which are not taken into account in SUSYGEN.

Figure 18 shows the 95% C.L. excluded areas for the case n = 2 and gaugino-like

neutralinos in the m

~�

0

1

vs. m

~�

1

plane. The positive-slope dashed area is excluded by

this analysis. The resulting 95% C.L. lower limit on the mass of the lightest neutralino

is 83 GeV=c

2

. The negative-slope dashed area is excluded by the analysis searching for

neutralino-pair production followed by the decay ~�

0

1

!

~

G
. The pointed area is excluded

by the direct search for MSSM ~�

1

-pair production [8], taking into account the possibility

of ~�

L

� ~�

R

mixing [22].

11 Search for Flavour Changing Neutral Currents

A search for Flavour Changing Neutral Currents (FCNC) has been performed using data

taken at the center of mass energy of 189 GeV in the reaction e

+

e

�

!

�

tc+

�

tu+ CC.

Performing the same analysis as at

p

s = 183 GeV in hadronic W decays one gets an

estimated background of 2 events while 1 event was observed in real data. The estimated

e�ciency is of 0.15.

The resulting upper limit at 90% con�dence level on the cross section is 0.6 pb for the

189 GeV data alone.

Run Channel Limit

183 GeV hadrons + l� <0.4 pb

189 GeV hadrons <0.6 pb

Table 16: Upper limits on the cross-section.

The cross section for FCNC processes depends on the top-quark mass due to the

threshold behaviour of the cross-section in this region. To compare with the CDF results,

the limit on the cross-section corresponding to the process Z ! t�c+t�u has been converted

into a limit on the branching ratio Br(t ! Zc) + Br(t ! Zu) as a function of m

t

. The

earlier DELPHI result at 183 GeV as well as the 183+189 GeV combined result are

displayed in �gure 19. One can see that the CDF limit is reached for the lowest possible

experimental value of the t-quark mass.
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Figure 1: A Higgs candidate found in the four jet search. The putative Higgs mass is

91.5 GeV=c

2

.
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The expectation from a signal at 90 GeV/c
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is also shown. All background sources are

summed.
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Figure 3: Con�dence level in the background hypothesis as a function of the SM Higgs

boson mass. Curves are shown for the expected (dotted) and observed (solid) con�dences.
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our previous results at 183 GeV.
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0

1

!

~

G
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pointed area is excluded by the direct search for MSSM ~�

1

-pair production, taking into

account the possibility of ~�
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mixing [22].
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Figure 19: 90% con�dence level upper limit on the branching ratio Br(t! Zc)+Br(t!

Zu) obtained from DELPHI at 183 GeV and by combining 183 and 189 GeV. Also shown

is the CDF upper limit.
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