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Abstract

Searches for supersymmetric partners of top and bottom quarks are presented using data taken by the DELPHI experimen
at LEP in 1997 and 1998. No deviations from standard model expectations are observed in these data sets, which are taken ¢
centre-of-mass energies of 183 GeV and 189 GeV and correspond to integrated luminosities o a4ph58 pbl. These
results are used in combination with those obtained by DELPHI at lower centre-of-mass energies to exclude regions in the
squark—neutralino mass plane at 95% confidence 1ev2000 Elsevier Science B.V. All rights reserved.

1. Introduction 2. Detector description

This Letter reports on a search for scalar partners The DELPHI detector and its performance have
of quarks (squarks) in data taken by DELPHI in peen described in detail elsewhere [5,6]; only those
1997 and 1998 at centre-of-mass energig5 )( of components relevant for the present analyses are dis-
183 GeV and 189 GeV. Mass limits for these particles cussed here. Charged particle tracks are reconstructed
have already been published based on data taken ain the 1.2 T solenoidal magnetic field by a system of

LEP2[1,2].
Scalar partners of right- and left-handed fermi-

cylindrical tracking chambers. These are the Vertex
Detector (VD), the Inner Detector (ID), the Time Pro-

ons are predicted by supersymmetric models and, in jection Chamber (TPC) and the Outer Detector (OD).

particular, by the minimal supersymmetric extension
of the standard model (MSSM) [3]. They could be
produced pairwise viate~ annihilation intoZ%/y .

Large Yukawa coupling running for the diagonal el-
ements and important off-diagonal terms make the

In addition, two planes of drift chambers aligned per-
pendicular to the beam axis (Forward Chambers A
and B) track patrticles in the forward and backward
directions, covering polar angles“lx 6 < 33° and
147 < 0 < 169 with respect to the bean) direc-

partners of heavy fermions as the most probable tion.

candidates for the charged lightest supersymmetric

The VD consists of three cylindrical layers of

particle. As a consequence their lighter states are sijlicon detectors, at radii 6.3 cm, 9.0 cm and 11.0 cm.
candidates for the lightest charged supersymmetric All three layers measure coordinates in the plane

particle.
Throughout this paper conservation of R-parity is

assumed, which implies that the lightest supersymmet-

ric particle (LSP) is stable. The LSP is assumed to
be the lightest neutralino which interacts only weakly
with matter, such that events will be characterised by
missing momentum and energy.

In a large fraction of the MSSM parameter space
sfermions are predicted to decay dominantly into the
corresponding fermion and the lightest neutralino.
Consequently in the search for shottom particles only
the decay intab + )Zf was considered. For the stop
squark, the equivalent decay into+ )Zf is kine-
matically not allowed at LEP, and the decay of a
stop into a bottom quark and a chargino is dis-
favoured in view of existing limits on the chargino
mass [4]. The dominant two-body decay channel
is thus the one into a charm quark and a neu-
tralino.

transverse to the beam. The inner (6.3 cm) and the
outer (11.0 cm) layers contain double-sided detectors
to also measure coordinates. The VD covers polar
angles from 24 to 156. The ID consists of a
cylindrical drift chamber (inner radius 12 cm and
outer radius 22 cm) covering polar angles between 15
and 165. The TPC, the principal tracking device of
DELPHI, consists of a cylinder of 30 cm inner radius,
122 cm outer radius and has a length of 2.7 m. Each
end-plate has been divided into 6 sectors, with 192
sense wires used for theEddx measurement and 16
circular pad rows used for 3-dimensional space-point
reconstruction. The OD consists of 5 layers of drift
cells at radii between 192 cm and 208 cm, covering
polar angles between 2and 137.

The average momentum resolution for the charged
particles in hadronic final states is in the range/ p?
~ 0.001 to Q01 (GeV/c)~1, depending on which
detectors are used in the track fit [6].
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The electromagnetic calorimeters consist of the
High density Projection Chamber (HPC) covering the
barrel region of 40 < 6 < 14, the Forward Elec-
troMagnetic Calorimeter (FEMC) coveringlk 6 <
36° and 144 < 0 < 169, and the STIC, a Scintillator
Tlle Calorimeter which extends the coverage down to
1.66° from the beam axis in both directions. The®40
taggers are made of single layer scintillator-lead coun-
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generator level, the cut on the invariant mass of the vir-
tual (Z%/y)* in the (2°/y)*(2%/y)* process was set
at 2 GeV/c?, in order to be able to estimate the back-
ground from low massf f pairs. The calculation of
the four-fermion background was cross-checked using
the program EXCALIBUR [13], which consistently
takes into account all amplitudes leading to a given
four-fermion final state. The version of EXCALIBUR

ters used to veto electromagnetic particles that may used does not, however, include the transverse mo-
be not measured in the region between the HPC and mentum of initial state radiation. Two-photon interac-

FEMC. The efficiency to register a photon with energy
above 5 GeV at polar angles betweer? 20id 160,
measured with the LEP1 data, is greater than 99% [6].
The hadron calorimeter (HCAL) covers 98% of the
solid angle. Muons with momenta above 2 GeV
penetrate the HCAL and are recorded in a set of Muon
Drift Chambers.

Decays ofb-quarks are tagged using a probabilis-

tions leading to hadronic final states were simulated
using TWOGAM [14] and BDKRC [15] for the Quark
Parton Model contribution. Leptonic final states with
muons and taus were also modelled with BDKRC.
BDK [15] was used for final states with electrons only.
Generated signal and background events were
passed through detailed detector response simula-
tion [6] and processed with the same reconstruction

tic method based on the impact parameters of tracks and analysis programs as the real data. The number of

with respect to the main verte®;" stands for the cor-
responding probability estimator for tracks with posi-

tive impact parameters, the sign of the impact parame-

ter being defined by the jet direction. The combined
probability estimatofP¢omp includes in addition con-
tributions from properties of reconstructed secondary
vertices [7].

3. Data samples and event generators

Data were taken during the 1997 and 1998 LEP

background events simulated is mostly several times
larger than the number expected in the real data.

4. Event selection

In this section the selection to search for stop and
sbottom in the decay modes;? and »7?, respec-
tively, is presented. In both cases the experimen-
tal signatures consist of events with two jets and
missing momentum. Since event parameters, such as
visible energy, greatly depend on the mass differ-

runs at mean centre-of-mass energies of 183 GeV andence AM between the squark and the LSP, opti-

189 GeV, corresponding to integrated luminosities of
54 pb-1 and 158 pbl.

Simulated events were generated with several pro-

mized selection procedures are used for the degen-
erate AM < 10 GeV/c?), and the non-degenerate
(AM > 10 GeV/c?) mass case. The main differences

grams in order to evaluate the signal efficiency and the between stop and sbottom events arise from the hadro-

background contamination. All the models used JET-
SET 7.4 [8] for quark fragmentation with parameters
tuned to represent DELPHI data [9].

Stop events were generated according to the ex-

pected differential cross-sections, using the BASES

nisation, which occurs either befof® or after(b) the
decay of the scalar quark (in a large fraction of the
MSSM parameter space the width of the shottom de-
cay intob + )Zf is greater than the typical QCD scale so
that the sbottom does not hadronize before it decays).

and SPRING program packages [10]. Special care was These differences are visible in particular in the degen-

taken in the modelling of the stop hadronisation [11].
Sbottom events were generated with the SUSYGEN
program [12]. The background processe€sx~ —
qq(ny) and processes leading to four-fermion fi-
nal states,(Z%/y)*(Z%/y)*, WHW—*, Weve, and
7%t e~ were generated using PYTHIA [8]. At the

erate mass case. Consequently different selections are
used for the stop and sbottom analyses in the degen-
erate mass case whereas the selections are identical in
the non-degenerate mass case.

In afirst step particles are selected and clustered into

jets using the Durham algorithm [16] witla,t = 0.08.
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Reconstructed charged particles are required to haveis greater than 5 GekX¢, wherep,,; is the transverse
momenta above 100 Me¥ and impact parameters momentum of jet with respect to the thrust axis pro-
to the measured interaction point below 4 cm in jected onto the plane transverse to the beam axis. Fi-
the transverse plane and below 10 cm in the beam nally, the most energetic charged particle is required
direction. Clusters in the calorimeters are interpreted to have a polar angle between°3fhd 150 and a mo-
as neutral particles if they are not associated to chargedmentum greater than 2 Ge¥. Similarly the polar an-
particles, and if their energy exceeds 100 MeV. gle of the most energetic neutral particle is required to
In the second step of the analysis, hadronic events be between 20and 160. At /s = 183 GeV, the sbot-
are selected. Only two-jet events are accepted. Thetom selection at this step is similar to the stop analy-
following requirements are optimized separately for sis described above except for the requiremenpgn
the twoA M regions: which is replaced by requiring the rat}g, / Eiot to be
Non-degenerate mass cageor both the stop and  greater than 50% whergy is the total energy of the
sbottom analyses hadronic events are selected by re-event. At,/s = 189 GeV, the shottom selection at this
quiring at least eight charged particles, a total trans- step is simplified by removing the above requirement
verse energ§7 greater than 15 GeV and a transverse on p;;/Eiot.
energy of the most energetic jet greater than 10 GeV. After this second step and for both the non-
These three cuts are aimed at reducing the backgrounddegenerate and the degenerate mass cases, agreement
coming from two-photon processes. Forward Bhabha between data and expectations from the Monte Carlo
scattering is suppressed by requiring that the total simulation describing standard model processes is
energy in the FEMC is lower than 25 Ge¥%(y) found to be good as can be seen from Fig. 1 (a)—(c)
processes with a detected photon are reduced by re-showing the visible mass, the charged multiplicity and
quiring that the total energy in the HPC is lower than the fraction of the energy for polar angles betweeh 30
40 GeV. Finally, at,/s = 183 GeV, the requirement and 150 at./s = 189 GeV. Fig. 2 (a)—(c) show the to-
for substantial missing energy is fulfilled by demand- tal energy, the transverse energy and the charged mul-
ing that the quantity/s’ is lower than 170 GeV. The tiplicity of the leading jet, for the degenerate mass case
quantity~/s’ is the effective centre-of-mass energy af- of the stop analysis af/s = 189 GeV. Fig. 3 (a)—(c)
ter photons radiation from the incomiege~ beams. show the visible mass, the missing transverse energy
At /s = 189 GeV, this requirement is replaced by the and the total multiplicity for the degenerate mass case
requirement that the polar angles of the two jets are of the shottom analysis af's = 189 GeV.
between 20 and 160. In a third step discriminating linear functions [17]
Degenerate mass cask select hadronic eventsin  are used in order to achieve optimum rejection power.
the stop analysis the number of charged particles is re- They have been determined in the following way:
quired to be greater than five, the total charged energy Non-degenerate mass case this case, the same
has to be lower than.B./s (in order to select events functions have been used both for the stop and the
with missing energy) and the polar angle of the total sbottom analysis. A first discriminating linear function
missing momentum has to be betweeri 4hd 165, has been determined using training samples of signal
in order to reduce the background from radiative re- and Z%(y) background processes. For the training of
turn events. The total energy in the FEMC and HPC a second discriminating linear function, signal and
has to be lower than 10 GeV and 40 GeV, respectively. WW background event samples have been used. In
The reduction of two-photon processes is ensured by the non-degenerate mass case, these two sources of
requiring that the total transverse energy is greater background processes are found to be dominant after
than 5 GeV and that the quantipy; = «/,;1211 4 pftz the first and second step of the event selection.
Degenerate mass caselere the main source of
background remaining after the first and second step
1 The transverse energi; of a particle is defined a%, = Of, the event ;elecuon is found to 'bﬁy events.
VEZ 1 E2 where Ey and Ey, respectively, ares cosp sing and Different functions have been determined for the stop

Esingsing. The anglesp and 6 are, respectively, the azimuthal ~ @nd sbottom analyses using training samples of signal
and polar angle of the particle. and two-photon events.
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Fig. 1. (a) the visible mass, (b) the charged multiplicity, (c) the fraction of the energy in the polar angle if3€fvdl50°] and (d) the
discriminating function against th&y background (as described in the text) for the non-degenerate mass case concerning both stop and
sbottom analysis. The dots with error bars show the data while the clear histogram is the SM prediction. Each hatched area shows the stog
signal for stop masses of 70 Gg#, 80 GeV/c? and 90 GeVc? with AM > 10 GeV/c? (with a normalization factor to the luminosity in

the range 8 to 90) whera M represents the mass difference between the squark and the LSP. Thel¢asd 0 GeV/c2 corresponds to the
non-degenerate mass case.
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Fig. 2. (a) the total energy, (b) the transverse energy, (c) the charged multiplicity of the leading jet and (d) the discriminating function
(as described in the text) for the degenerate mass case of the stop analysis. The dots with error bars show the data while the clear histogram |
the SM prediction. Each hatched area shows the stop signal for stop masses of/z8 Be\GeV/c? and 90 GeVc? with AM < 10 GeV/c?

(with a normalization factor to the luminosity in the range 8 to 90) wheié represents the mass difference between the squark and the LSP.

The caseA M < 10 GeV/c? corresponds to the degenerate mass case.
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Fig. 3. (a) the visible mass, (b) the missing transverse energy, (c) the total multiplicity and (d) the discriminating function (as described in the
text) for the degenerate mass case of the sbhottom analysis. Each hatched area shows the sbottom signal for sbottom massgs?of 50 GeV
60 GeV/c?, 70 GeV/c2, 80 GeV/c? and 90 GeVYc? with AM < 10 GeV/c? (with a normalization factor to the luminosity in the range 5
to 100) whereA M represents the mass difference between the squark and the LSP. Thelasd 0 GeV/c? corresponds to the degenerate

mass case.
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Table 1

Fourth step of the event selection for two-body decays of stop and shottom in the non-degenerate masy/casé&t GeV. Datags

and MG gz indicate data and Monte Carlo gfs = 183 GeV. DLAL and DLA2 denote the first and second discriminating linear analysis
as explained in the textr, . stands for the total missing momentuijery (Ejet2) denotes the energy of the (next to) leading fefmjet1
(Eemijet2 denotes the total electromagnetic energy of the (next to) leadingggtare the polar angles of the jetgg is the momentum of the
most isolated charged particlgy,stdenotes the polar angle of the thrust axis aﬁ’ﬁf ged is the total transverse energy of the next to leading
jet taking into account charged particles oy represents the mass difference between the squark and the LSP. TheM¢asd 0 GeV/c
corresponds to the non-degenerate mass case. The errors on the Monte Carlo are statistical only

Selection 7andb: AM > 10 GeV/c? /5 = 183 GeV
Datay g3 MCig3
1st and 2nd step 2871 26824
3rd step (DLAL)> 0.9 98 1064
3rd step (DLA2)> 0 27 28k3
Pres > 12 GeV/e 21 18k2

Ejer1 < 60 GeV
Eemijety/ Ejet1 < 0.6 7 44+40.3

Eemjet?/ Ejet2 < 0.6

20° < Gjets < 160° 4 37+0.3
Piso <20 GeV/c 3 29403
[ cOSBthrust < 0.9 2 23+03
2 > 2Gev 1 22403
charged
Visible mass< 70 GeV/c? 1 184+0.2
(Echarged < 4 GeV 1 14+0.2

Table 2

Fourth step of the event selection for two-body decays of stop and sbottom in the non-degenerate masg/casé&8 GeV. Datagg

and MG gg indicate data and Monte Carlo afs = 189 GeV. DLA1 and DLA2 denote the first and second discriminating linear analysis as
explained in the textR3g (R20) denotes the fraction of the total energy out of the cones dfe8@ 150 (20° and 160) centered on the beam
axis. P'eadingdenotes the momentum of the leading partiélgy» denotes the total electromagnetic energy of the next to leadirBggipis a
b-tagging probability as explained in the tedtM represents the mass difference between the squark and the LSP. The\W¢asd0 GeV/c2
corresponds to the non-degenerate mass case. The errors on the Monte Carlo are statistical only

Selection 7andb: AM > 10 GeV/c? /5 = 189 GeV
Datajgg MCigg
1st and 2nd step 6507 66592
3rd step (DLAL)> 0.3 130 12583
3rd step (DLA2)> 0.4 22 242
R3p > 0.80 15 1294+1.1
Ry > 0.95 12 1109
pleading _ o5 Geyyc 7 7.6+0.9
Eemz/E(jet2) < 0.2 5 7+0.9

Peomb > —1 for b only 2 22404
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Table 3

Fourth step of the event selection for two-body decays of stop squarks in the degenerate masg/casd 83 GeV and,/s = 189 GeV.

Datay g3 and MG, g3 (Dataygg and MG, gg) indicate data and Monte Carlo gfs = 183 GeV (/s = 189 GeV).R3q (R20) denotes the fraction

of the total energy out of the cones of°3and 150 (20° and 160) centered on the beam axis and acoplanggity; the acoplanarity angle

with respect to the thrust axis. For the other variables see the text as well as in Tables 1 and 2. DLA stands for discriminating linear analysis.
AM represents the mass difference between the squark and the LSP. Thel¢asd 0 GeV/c2 corresponds to the degenerate mass case. The
errors on the Monte Carlo are statistical only

Selection 7t AM < 10 GeV/c?

Datayg3 MC1g3 Dataygg MC1g9
1st and 2nd step 575 529 1613 156#45
3rd step (DLA)> 0.3 44 45+2 139 134:10
Oblateness> 0.1 40 382 115 106:5
R30>0.9 24 25+1 76 794
R > 0.985 20 221 65 68t4
Py <30 GeV/e 8 13+1 29 4Qt4
Acoplanaritypryst > 20° 1 26+0.5 8 81+1.6
cogacoplanarity > —0.85 1 Q98+0.27 3 33+0.8
Table 4

Fourth step of the event selection for two-body sbottom decays in the degenerate mass,6asel&3 GeV. Datagz and MC; g3 indicate

data and Monte Carlo afs = 183 GeV. The variables are explained in the caption of Tables 1, 2 and 3. DLA stands for discriminating linear
analysis.AM represents the mass difference between the squark and the LSP. The\¢asd0 GeV/c2 corresponds to the degenerate mass
case. The errors on the Monte Carlo are statistical only

Selection b AM <10 GeV/c?
Datayg3 MCig3
1st and 2nd step 747 628
3rd step (DLA)> 0.7 70 52£2
Etot < 40 GeV 42 342
jetl
ETcharged> 2 GeV 32 2#2
20° < fjers < 160° 26 25+2
E > 5 Gev 10 141
Acoplanaritypryst > 20° 1 3+0.6
jet2
Eehargea™ 1 C&V 1 25405
EF? > 2Gev 1 16+0.4
charged
Oblateness< 0.36 1 114+0.3
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Table 5

Fourth step of the event selection for two-body sbottom decays in the degenerate mass,fasel®9 GeV. Datagg and MG, gg indicate

data and Monte Carlo af’s = 189 GeV. The variables are explained in the caption of Tables 1, 2 and 3. DLA stands for discriminating linear
analysis.AM represents the mass difference between the squark and the LSP. Thel¢asd0 GeV/c? corresponds to the degenerate mass
case. The errors on the Monte Carlo are statistical only

Selection b: AM <10 GeV/c?

Datagg MCigg
1st and 2nd step 5307 564406
3rd step (DLA)> 0 19 267
Rp0>0.98 14 24k3
Rpo x PMSS> 1 GeV/c 12 1643
Py >4 GeV/ce 7 9.7+2
cogacoplanarity > —0.98 3 35+1
Peomb= —1 1 23+0.8

Fig. 1 (d) shows the discriminating function against In the degenerate mass case two different selections
the Z% background for the non-degenerate mass caseare used for stop and shottom. These are shown in
at \/s = 189 GeV, Figs. 2 (d) and 3 (d) show the dis- Table 3 for the stop analysis afs = 183 GeV and
criminating functions for the degenerate mass domains /s = 189 GeV and in Tables 4 and 5 for the sbottom
of the stop and shottom analyses.at = 189 GeV. analysis at,/s = 183 GeV and./s = 189 GeV,

For these degenerate and non-degenerate mass caseespectively.
fair agreements between data and expectations from

Monte Carlo describing standard model processes are

found. The data and Monte Carlo small disagreement 5 Results
of the discriminating function for the degenerate mass

cases shown in Fig. 2 (d) is restricted to the negative )
values of this function which correspond to the region 1 ne number of candidates found and the expected
of the bulk of the expectations from Monte Carlo de- background levels are shown in Tables 6 and 7. There

scribing standard model processes in particular two- @€ candidates in common in the stop and sbottom
photon interactions leading to hadronic final states ?na/lyses. The total background is given assuming a
which are known to be difficult to modelize. This re- © Petween the degenerate mass case and the non-

gion does not correspond to the squark signal region. 4€generate mass case for the stop and sbottom analy-
As shown by the hatched areas of Fig. 2 (d), the posi- S€S- One candlda_te_ event frqm t_he non—dege_ngrate
tive values of this discriminating function correspond MasS case analysis is shown in Fig. 4. The efficien-
to the squark signal region and in this region the agree- C|es_of th_e st_op and sbottom signal selection are sum-
ment between data and expectations from Monte Carlo Marized in Fig. 5. They have been evaluated using 35
describing standard model processes is very good. ~ Simulated samples at different points in théy(, M ;o)

The final background reduction is performed by Plane, for squark masses between 50 and 90/6&V
sequential cuts. In the non-degenerate mass case, on@nd neutralino masses between 0 and 85 GéV
set of cuts is used to select both stop and sbhottom NoO evidence for stop or shottom production has
events. It is shown, together with the number of been found in the two-body decay channels. Figs. 6
events retained in data and background simulation, and 7 show the Mz, M o) regions excluded at 95%

in Tables 1 and 2. confidence level by the search for> c%? andb —
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Fig. 4. View of one candidate event from the non-degenerate mass case in the transverse plane. The corresponding total energy is 57.3 GeV, th
charged multiplicity is found to be 27, the total visible mass i843eV/c2, the polar angle of the missing momentum is 74.8 degrees and the
polar angle of the two jets are 86.5 degrees and 125 degrees, respectively.
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s V's =189 GeV Efficiencies Table 6
Eig E Number of candidates and expected background in the search for
g0 Sbottom a) two-body decays of stop and shottom when performing’tbe’

of the analyses in the de generate and non-degenerate mass case at
/s =183 GeV. Datagz and MC; gz indicate data and Monte Carlo
at./s = 183 GeV. There are candidates in common in the stop and
sbottom analyses.

9() Squark Datggs MC1g3

d DELPHI
SN ISP AT U ENUPEPEN UV BN FUNS PR VIS PR VT e +0.2
000720 30 20 50 60 70 80 9% d 2 24+0.3(stay Zy5(sysh

- LSP mass (GeV/c’) 3 2 26+ 0.4(stay T 93 (sysp

Table 7
Number of candidates and expected background in the search for
two-body decays of stop and sbottom when performing”the/

10 — 70 80 90 of the analyses in the degenerate and non-degenerate mass case at
s Eem | ‘ | . . ‘ /s =189 GeV. Datagg and MG gg indicate data and Monte Carlo
0 0 10 20 30 40 50 60 70 80 90 at /s =189 GeV. There are candidates in common in the stop and
LSP mass (GeV/cz) sbottom analyses.
Squark Datggg MC1g9

Fig. 5. Efficiencies for the (a) sbottom and (b) stop selection in the

search for two-body decays as function of the LSP mass for various 7 8 93+ 1.2(stat)f8:2(sysb
sbottom and stop masses. The sbottom and stop masses are indicated ~ +0.6
on the plots in units of Ge}¢2. b 3 44+ 09(stay Zg 5(Sysh

;,;(f decays, with the 100% branching ratio assump- the degenerate mass case. The systematic errors for the

tion, both for purely left-handed states (with maximum €xpected background are given in Tables 6 and 7.

cross-section) and the states with minimum cross- Systematic errors on efficiencies coming from the

section. We have also used the results (efficiencies, modelling of the hadronization of the stop are esti-

number of candidates and expected background) of themated by switching off the hadronization of the stop.

analyses of the data at 130-172 GeV [1] in order to de- The relative systematic errors for efficiencies are 2%

rive these exclusion regions. in the non-degenerate mass case and 8% in the degen-
In order to estimate systematic errors coming from €rate mass case.

detector effects and modelling, the differences of the

mean values of the observables used for the above

analyses (sequential cuts steps and discriminating6. Conclusions

linear analyses steps) between real data and simulation

are calculated at the level of the first step of the In data samples of 54 pf and 158 pb? collected

selection described in Section 4. The differeader by the DELPHI detector at centre-of-mass energies

the mean value of the observabifebetween real data  of 183 GeV and 189 GeV searches are performed

and simulation is used in order to shiftaccording to for events with acoplanar jet pairs. The results are

X 4+ 8 andX — §. The analyses described in Section 4 combined with those already obtained at centre-of-

then use the shifted observables and the differences inmass energies between 130-172 GeV.

efficiencies and expected background with respect to At 183 GeV, the search for stop and sbottom quarks,

efficiencies and expected background obtained with decaying intcr)zf andbif, respectively, gives in total

the unshifted observables are taken as systematic3 candidates (some candidates are in common in the

errors. The relative systematic errors for efficiencies stop and sbottom analyses) well compatible with the

are 10% in the non-degenerate mass case and 15% irexpected background of8+ 0.5.
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from the Z boson. The limits are obtained combining data at

at /s = 130-189 GeV. The shaded areas have been excluded ~/s = 130-189 GeV.

by LEP1 [18] and CDF [19].

At 189 GeV, the search for stop and sbottom quarks,

decaying inta f(f andb )”(f, respectively, gives in total

edge in particular the support of Austrian Federal Min-
istry of Science and Traffics, GZ 616.364/2-111/2a/98;
FNRS-FWO, Belgium; FINEP, CNPq, CAPES, FUJB

9 candidates (some are candidates are also in commorand FAPERJ, Brazil; Czech Ministry of Industry

in the stop and sbottom analyses) well compatible with
the expected background of .61t 1.4.

For the stop, a mass limit of 79 Ge¥? is obtained
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