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Abstract

A search for scalar top quarks in R-parity violating supersymmetry is performeti prcollisions at HERA using the H1
detector. The data, taken & = 319 GeV and 301 GeV, correspond to an integrated luminosity of 106.pbhe resonant
production of scalar top quarksn positron quark fusion via an R-parity violating Yukawa couplitigs considered with the
subsequent bosonic stop de¢ay 5W. The R-parity violating decay of the shottom quark> d7, and leptonic and hadronic
W decays are considered. No evidence for stop production is found in the search for bosonic stop decays nor in a search
for the direct R-parity violating decay— eq. Mass dependent limits ok’ are obtained in the framework of the minimal
supersymmetric Standard Model. Stop quarks with masses up to 275 GeV can be excluded at the 95% confidence level for a
Yukawa coupling of electromagnetic strength.

0 2004 Elsevier B.V. All rights reserved.

1. Introduction £r,q
e-‘r
. . . . . Wt

Deep inelastic collisions at HERA are ideally suited - v,q
to the search for new particles coupling to an electron— ! R
quark pairt® Such particles include squarkg), the ) N _
scalar supersymmetric (SUSY) partners of quarks, in B\\ Ve
models with R-parity violatior{£ ,) [1]. In most sce- d ¢
narios the squarks of the third generation, stopnd A31 d

sbottom(b), are the lightest squarks. In the present @
analysis we focus on resonant stop quark production
in eq-fusion which proceeds via af, coupling 1’
We investigate SUSY scenarios in which the sbottom et et
mass is smaller than the stop ma&g, < M;, which
are complementary to previols, SUSY searches for -
squark production by HI2,3]. This study is partic- 151 ----&N\,
ularly interesting following the observation of events
with isolated electrons or muons and missing trans-
verse momentunid]. The dominant Standard Model d d
(SM) source for such events is the production of real
W bosons. Some of these events have a hadronic final (b)
state with large transverse momentum and are not typ-
ical of SM W production. These striking events may Fig. 1. Lowest order s channel 'diagram ﬁy, stop production at
indicate a production mechanism involving processes EERA f‘]f't'ﬁwe‘t’ by (a) the bosonic decay of the stop and (b)fte
beyond the Standard Model, such as the production of ecay orihe siop.
a scalar top quark and its decays as propos¢slin )
In this Letter a search is presented for stop quarks shottom decay into SM particleé,i> Ved, is also R-

which are produced resonantly ¢ A 7. Of particu- parity violating. This @cay mode is experimentally

lar interest is the bosonic decay—> bW, where the investigated for the first time. The analysis includes
' both leptonic and hadroni@ decays. A scenario is

investigated, in which decays of the light squarks into
18 | the following, the ternelectronrefers to both electrons and ~ N€utralinos and charginos are kinematically not possi-
positrons. ble. In order to cover all decay modes, thg decay
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i % e*d is also considered. The corresponding dia-
grams are shown iRig. 1L At HERA, stop quarks with
masses close to the kinematic limit-9f300 GeV can
be produced. Such high masses are kinematically in-

accessible at LEP and the bosonic stop decay modeschannel

considered are difficult to observe at the tevatron.

The analysis uses the data collected with the H1 de-
tector in positron—proton scattering in the years 1994—
2000, where the energy of the incoming positron is
E. = 27.6 GeV. The proton energy in 1994-1997
is E, = 820 GeV, which leads to a centre-of-mass
energy of./s = 301 GeV. The data correspond to
an integrated luminosity ofC391 = 37.9 pb—l. In

the years 1999 and 2000, where the proton energy

is E, =920 GeV and the centre-of-mass energy is
/s = 319 GeV, the data recorded correspond to an
integrated luminosity of’319=67.9 pb~L.

2. Phenomenology

The most general supersymmetric theory which is
gauge invariant with respect to the Standard Model
gauge group allows Yukawa couplings between two
SM fermions and a squark or a slepton. These cou-
plings induce violation of R-parity, defined &, =
(—1)38+nL+28 \wherenp is the baryon number;;
is the lepton number anglis the spin of a particle. At
HERA the Yukawa couplings between a lepton—quark
pair and a squark are of particular interg8}t. Here
the resonant production of stop quarks andgthede-
cay of stop and sbottom quarks via a non-vanishing
couplingij 5, are investigated. Both processes are de-
scribed by the Lagrangian

1)

where the indiced. and R denote the left and right
states of the fermionic fields and their corresponding
scalar superpartners. The couplitig, is a free para-
meter of the model with the subscripts 131 being the
generation indices.

In the third generation large mixings betwegn
andgr are conceivablfl]. Because of the structure of

ﬁkp ~ )La_sleLde_R + X&31V6,L5Ld_1q,
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Table 1

Analysed stop decay channels/é)J SUSY. The/é p processes are
indicated by the coupling’, and[‘J_ denotes the missing transverse
momentum

Decay process Signature
f— bW
!
& di,
je}‘L W — ev, jet+e+f‘L
— TV — evvy
j,u]‘l W — vy j6t+,u+/‘i
— TVr —> VYV
JiifL W qq’ Sjets+ P 1
’
ed i ed jet+ high Pre
terise the mass eigenstates,
d1=q1 CcoY; +grsing; and
g2 =—qL Siﬂ@g + gR COY;, (2)

with the conventionM;, < Mj,. Since theR, stop in-
teraction involves only thg, component of the fields,
the production cross sections of stop quarks scale as

o7, ~ Mad(x)cog6; and oz, ~ A\5d (x) sirP 6y,

3
d(x) being the probability of finding & quark in the
proton with a momentum fraction = Mlez/s’ where

M;, , denotes the stop masses. The lighter state does
not necessarily have the larger production cross sec-
tion. However, in the SUSY parameter space inves-
tigated in this Letter, it is assumed thét;, is large
enough to ensure that the resonant productiap cén

be neglected. Therefore in the following the notation
will indicate the lighterr;.

Searches for fermionic squark decays via their
usual gauge couplings (into neutralinos, charginos or
gluinos) are presented if2]. In the present, com-
plementary analysis the SUSY parameter space is
chosen such that these decays are kinematically sup-
pressed. Itis moreover assumed that the sbottom quark
b1 (denoted byb) is lighter than the lightest stop,
such that the only possible decay modesiare bW
with W — f f’ and theg , decay into SM fermions,

f — eTd. It has been checked that the loop decay

the squark mass matrices the stop and shottom are thento a charm quark and a neutralino, when kinemat-

most likely candidates for the lightest squark states.
The mixing angle®; (with § =17 or g = b) parame-

ically allowed, is negligible compared with thg,
stop decay for the values af 5; which can currently



164

o sum -
S — o = = o
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Fig. 2. Examples of the stop branching ratios as a function of the
stop mass fon/; = 100 GeV andi) 5, = 0.1, when the fermionic
decay modes of the stop via the usual gauge couplings are kine-
matically suppressed. The solid lines show the branching ratios for
0; =06 and the dashed lines feg =1.2. The sum of the branch-

ing ratios is slightly less than one since hadroniecays following

W — vt are not considered.

be probed at HERA. It has also been verified that the
three-body decays via an off-shé@ll can be neglected
compared with thek,, decay of the stop. Thus, only
the regionM; > M + My is investigated here, where
the stop quark can decaytina sbottom quark and

a real W. The branching rati®dR-_ ;,, for this de-

H1 Collaboration / Physics Letters B 599 (2004) 159-172

as well as the couplings between any two SUSY par-
ticles and a Standard Model fermion/boson, are de-
termined by the usual MSSM parameters: the “mass”
term . which mixes the Higgs superfields, the soft
SUSY-breaking rass parameterd; andM> for U (1)

and SU(2) gauginos and ta#, the ratio of the vac-
uum expectation values of the two neutral scalar Higgs
fields. The relation1 = (5/3) tar? 6y M> is assumed

to hold[1]. These parameters are defined at the elec-
troweak scale. All squark masses as well as the squark
mixings 6; and6; are free parameters in this model.
The squark mass splittings are related to the trilinear
couplingsA,, A, and the parametegsand targ by

> _ Mi(A; — pcotp)

M2 — M2 = and
RN sin;
2Mp(Ap — ptanp)
M2 — M2 = 4
by b2 sin2; “)

with M; and M}, being the top and bottom masses, re-
spectively.

3. TheH1 detector

A detailed description of the H1 detector can be
found in [8]. The H1 detector components relevant
to the present analysis are briefly described here. The
right-handed coordinate system used is centered on the
nominal interaction point with the positivedirection
defined to be along the incident proton beam. The

cay mode depends only on the masses of the squarks_iquid Argon (LAr) calorimeter is used to identify

involved, theg, coupling A5, and the mixing an-
gle 6;. It is proportional to co%;. This branching
ratio is shown, for example, values 8f; and A},

as a function of the stop mass kig. 2 Under the

jets and electrons and covers the polar angle range
4° < 6 < 154 with full azimuthal acceptance. It has
an energy resolution ef (E)/E ~ 12%//E] GeV®

1% for electrons and (E)/E ~ 50%/\/E]/ GeV &

assumption that squark gauge decays into fermions2% for hadrons, as obtained in test beam measure-

are kinematically suppressed, the sbottom will subse-
quently undergo thegt,, decayb — 7.d and several
final states can be investigated depending onWhe
decay mode. The four signatures considered in this
analysis are given iMable 1 with the correspond-
ing diagrams shown ifig. 1 Taking into account the
lower bound from LEP on the sbottom md3$, the
mass range chosen is 180 GeMM; < 290 GeV and
100 GeV< Mj; < 210 GeV.

The interpretation of the results is performed within
a minimal supersymmetric Standard Model (MSSM)

in which the masses of the neutralinos and charginos,

ments. The energy measurement is complemented by
a calorimeter in the backward regi®,9]. The cen-

tral and forward tracking detectors are used to mea-
sure charged particle trajectories, to reconstruct the
interaction vertex and to supplement the measurement
of the hadronic energy. The central part of the de-
tector is surrounded by a superconducting magnetic
coil with a strength of 1.15 T. The iron return yoke

is the outermost part of the detector and is equipped
with streamer tubes to form the central muon detec-
tor (4° < 6 < 177°). It is supplemented by the for-
ward muon spectrometer {3k 6 < 17°) which uses
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atoroidal magnetic field. The luminosity is determined The predictions of the RAPGAP, DJANGO and
from the rate of the Bethe—Heitler procegs— epy, PYTHIA models are scaled by a factor ab¥or cases
detected in a calorimeter located downstream of the where three jets are required. This factor accounts for
interaction point. The main triggers for the processes deficiencies in the parton shower model for multi-jet
investigated are provided by the LAr calorimeter and production and is obtained by comparison with data
their efficiencies are close to 100%. [20].
For the SUSY signal simulation and the calculation

of its cross section SUSYGE[R1] is used which re-
4. Monte Carlo event generation and simulation lies on the LO amplitudes fard — bW given in[5].

The parton densities are taken from the CTEQS5L pa-

For each possible SM background source a detailed rameterisation and evaluated at the scale of the stop
Monte Carlo simulation of the H1 detector response is mass. All bosonic stop dec&ypologies are simulated
performed. All processes are generated with an inte- for a wide range of stop and sbottom masses in a grid
grated luminosity much higher than that of the data. ~ with steps of typically 20 GeV; for thé,, stop de-

To determine the contribution of neutral current cay only the stop mass is varied. The events are passed
(NC) deep inelastic scattering (DIS) eveaps— ¢j X, through a detailed simulation of the H1 detector. These
where indicates a jet, the RAPGARUO] event gen- simulations allow the signal detection efficiencies as a
erator is used, which includes the Born, QCD Comp- function of the stop (and sbottom) masses to be deter-
ton and boson gluon fusion matrix elements. Higher mined in the entire phase space since the mass steps
order QCD radiative corrections are modelled using are sufficiently small for linear interpolations to be
leading logarithmic parton showef&1]. An impor- used. The variation of the efficiencies with the cou-
tant SM background for the bosonic stop decay chan- pling 1/ 5; when the stop mass and width are both large
nels is charged current (CC) deep-inelastic scattering, is also taken into account.
which is simulated using DJANG(2]. QCD radia-
tion is implemented to first order via matrix elements,
while higher orders are modelled by parton shower 5. Event selection and analysis
cascades generated using the colour-dipole model, as
implemented in ARIADNE[13]. In both generators The selection of the event topologies, as given in
QED radiative effects arising from real photon emis- Table 1 relies on the identification of jets, leptons
sion are simulated using HERACLE34]. For the and missing transverse momentum, as detailed below.
simulation of the direct and resolved photoproduction The primary interaction vertex has to be reconstructed
of jets,ep — (e)jj X, the PYTHIA 6.1 progranjl5] within 35 cm inz of the nominal position of the vertex.
is used, which includes light and heavy quark flavours. Non-ep background is rejected by searching for event
It contains the QCD Compton and boson gluon fusion topologies typical of cosmic ray and beam-induced
matrix elements and radiaé QED corrections. Inthe  background22] and the event timing is required to
above event generators the parton densities in the pro-be consistent with thep bunch crossing.
ton are taken from the CTEQHIL6] parameterisation.

The most important SM background to the leptonic 5.1. Particle identification

W decay channels is the production 8f bosons,

calculated in leading order (LO) using EPVECLY]. The electronidentification is based on the mea-
By reweighting the events as a function of the trans- surement of a compact and isolated electromagnetic
verse momentum and rapidity of thié boson, next-to- ~ shower in the LAr calorimeter. The hadronic energy
leading order QCD corrections are accounted 8. within a cone defined bR = /(An)2 + (A¢)2 < 0.5
The production of multi-lepton events may also con- around the electron direction is required to be below
tribute to the SM background for the leptoricdecay 2.5% of the electron energy. Herg= — In(tan(0/2))
channels when one lepton is undetected and some fakds the pseudorapidity angl denotes the azimuthal an-
missing transverse momentum is reconstructed. This gle. For electron polar angles in the regior? X060, <
process is generated with the GRABPR] program. 140 a high quality track is also required to be asso-



166

H1 Collaboration / Physics Letters B 599 (2004) 159-172

ciated to the electromagnetic cluster. This allows ef- described in the following. They are added in quadra-
ficient rejection of photons which convert late in the ture.

central tracker material.

The muonidentification is based on the measure-
ment of a track segment or an energy deposit in the
instrumented iron associated with a charged particle
track in the inner tracking systeni]. In addition, a
track in the forward muon system is taken as a muon
candidate. The muon momentum is measured from the
track curvature in the solenoidal or toroidal magnetic
field. A muon candidate should not deposit more than
8 GeV in the LAr calorimeter. The distance between
the muon candidate and the nearest track is required
to beR > 0.5. If two muons are present in an event, a
cut on the opening angle between them and the sum of
their polar angles is applied to reject cosmic muons.

Jetsare reconstructed from energy deposits in the
LAr calorimeter combinedavith well measured tracks
using a modified inclusive, algorithm[23,24]in the
laboratory frame. Electron and muon candidates are
excluded from the algorithm. Only jets in the polar an-
gle range 7 < 03¢t < 140° are considered to ensure
that they are reliably measured. To reject electrons
which are misidentified as jets, topological criteria for
electron-jet separation are applied. About 80% of fake
jets and 3% of genuine jets are rejected, as determined
from simulations.

The missing transverse momentufn is derived
from a summation over all identified particles and en-
ergy deposits in the event. In the channels where one
or more neutrinos are expected, an event is only ac-
cepted if the energy and the momentum in the beam
direction fulfil ), (E; — P; ;) <50 GeV, whereE; is
the energy andP; ; is the z component of the mo-
mentum and the index runs over all hadronic and
electromagnetic objects and muons. This requirement
reduces the contamination due to badly measured NC
DIS event$® where fake missing transverse momen-
tum is reconstructed.

5.2. Systematic uncertainties

The sources of experimental and theoretical sys-
tematic uncertainties considered in this analysis are

19 A NC DIS event is expected to haYe; (E; — P, ;) = 2E, =
55.2 GeV due to energy and momentum conservation.

e The electromagnetic ergy scale uncertainty is
between 0.7% and 3% depending on the parti-
cle’s impact position on the LAr calorimetf22].

The uncertainty on the polar angle of electromag-
netic clusters varies between 1 mrad and 3 mrad,
depending o [22]. The uncertainty on the az-
imuthal angle is 1 mrad. The tracking efficiency
is known with a precision of 2% for polar angles
above 37 and deteriorates to 15% in the forward
region.

e The muonPr scale uncertainty is 5%. The un-
certainty on the polar angle is 3 mrad and on the
azimuthal angle is 1 mrad.

e The hadronic energy scale of the LAr calorimeter
is known to 2%. The uncertainty on the jet po-
lar angle determination is 5 mrad fér< 30° and
10 mrad ford > 30°.

e The uncertainty on the integrated luminosity re-
sults in an overall normalisation error of 1.5%.

e Depending on the SM production process dif-
ferent theoretical uncertainties are used. These
amount to 15% forW production, 10% for NC
DIS processes and 15% for photoproduction. For
ep — vjjjX reactions, the theoretical uncertain-
ties are about 20%, which takes into account the
deficiencies of the parton shower modelling of
multi-jet production.

e Forthe SUSY signal detection efficiencies, an un-
certainty of 10% is assumed resulting mainly from
the linear interpolation in the grid of simulated
mass values. An additional theoretical systematic
error, mainly due to the uncertainties on the parton
densities, affects the signal cross section. This un-
certainty varies between 12% at lower stop masses
(x =~ 0.3) up to 50% for stop masses of 290 GeV
(x ~0.8) at/s = 319 GeV. An additional uncer-
tainty of 7% on the signal cross sectifit] arises
from the variation of the scale at which the parton
densities are evaluated.

5.3. Analysis of the bosonic stop decay channels

According toTable 1the bosonic stop decay leads

to three different final state topologies. If th# bo-
son decays into leptons, the signature is a jet, a lepton
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(electron or muon) and missing transverse momentum
(jeP 1 channelandg . channel). ThéV decay into

v: T, Wherer — hadronst v, is hot investigated in this
Letter. If the W decays into hadrons the signature is
three jets and missing transverse momentuigi ;
channel). The selection of the final states analysed is
described in the following sections.

5.3.1. The channels— jep | andi — jup .
The selection criteria for thgep, and jup
channels are the following.

e A lepton must be found wittPf > 10 GeV and
with polar angle 8 < 6, < 120° for the electron
and 10 < 6,, < 120 for the muon.

A jet must be found withP;®'> 10 GeV within

the angular range®7< 63et< 140°.

The total missing transverse momentum must sat-
isfy P, > 12 GeV.

The difference in azimuthal angle between the
lepton/ and the direction of the syste&iot, coOm-
posed of all other measured particles in the event,
must beA¢ (I — Xiot) < 165. NC background
events with a mismeasured electron are rejected
by this cut.

The azimuthal balance of the event must satisfy
Vap/Vp < 0.3, whereVap/ Vp is defined as the
ratio of the anti-parallel component to the paral-
lel component of the measured calorimetric trans-
verse momentum with respect to the direction of
the total calorimetric transverse moment{28].
This cut removes NC DIS ents which generally
have high values oVap/ Vp.

Inthe jef | channel, the variable, =1— E/(1—
cosd,)/(2E.), whereE/ denotes the energy of the
scattered electron, is required to fulfi} > 0.3.
This cut reduces the remaining NC DIS back-
ground, since particles coming from a bosonic
stop decay will be boosted in the forward direc-
tion, leading to a risinglo/dy distribution. This
contrasts with the steeply fallindo/dy ~ y—2
distribution of NC DIS events.
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tigated. The transverse mass is defined as

My =/ (Po+ P+ PR — (P + Pt Y2
)

where P |, PL and P3¢ are the missing transverse
momentum, lepton and jet momentum, respectively.
The transverse mass distributions are showFign 3a
and b. In theje | channel, 3 events are found while
the expectation from the SM is&4+ 0.92 events. In
the juf 1 channel, 8 events are found while62+
0.47 are expected. This slight excess could be inter-
preted as a scalar top decaying via> bW [5]. All

11 events in thgef | andjuf, channels were also
found in [4], where additional events were selected
since there were no explicit jet requirements. Between
60% and 70% of the SM expectation arises from the
production of realW bosons. The numbers of events
and the SM expectations can be foundable 2 The
stop signal efficiency amounts to typically 35—45% for
the jef | channel and 30-40% for thjge2 | channel
and depends mainly aif; and M.

5.3.2. The channel— jjjpP .
For the jjjp, final state topology the following
criteria are required.

e Three jets must be found witk ® > 20 GeV,
P*2> 15 GeV andP;®®> 10 GeV, each with
polar angle 7 < 63et< 140°.

e The total missing transverse momentum must sat-
isfy P, > 25 GeV.

e The selection is restricted tg, > 0.4 exploit-
ing the differenty,, distributions of the stop sig-
nal and the SM background. Herg, is calcu-
lated usingy, =), (En — P..»)/2E. [26], where
> w(En — P;p) is calculated from the hadronic
energy deposited in the detector.

Assuming that only one neutrin9 is present in
the event and applying the constraigts = 13; and
> i(Ei — P.) + (E, — P,,) = 2E,, the neutrino
four-vector can be calculated. Hence, the invariant
mass Mec can be reconstructed in this final state

The stop mass cannot be reconstructed in thesetopology with a mass resolution of about 15 GeV.

channels since there are two neutrinos in the final state.

Therefore the transverse mass distributions are inves-

In Fig. 3 the reconstructed mass distribution for the
jjjP 1 channelis shown. A total of 5 events are found
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Table 2
Total number of selected events in the various stop decay channels for tieHdata at,/s = 301 GeV,,/s = 319 GeV and the combined
data set. For thg‘ee}‘ | and ju}‘ | channels the SM expectations arising fré¥nproduction are given in brackets

Channel /s =301 GeV Vs =319 GeV Combined
Data SM expectation Data SM expectation Data SM expectation
jefJ_ 1 116+ 0.28 2 268+ 0.64 3 384+0.92
(W:0.7540.12) (W: 1.804 0.29) (W: 2.55+0.41)
jﬂf‘L 4 084+0.14 4 185+0.33 8 2694+ 0.47
(W: 0.57+ 0.09) (W: 1.36+ 0.22) (W: 1.93+ 0.31)
JiiPbL 1 191+ 054 4 433+1.21 5 624+1.74
ed 366 384+ 45 734 736t 86 1100 1126+ 131
w S LS L IR FLELRL L L 2] CRELEAE LR L UL R R R
b= [ .ePlniSS channel = ¢*p data ] k- L. P™S Channel = ¢*p data ]
o . Jebr EsSM ] @ o L JUET ESM i
= E --260 GeV stop 7 = E --260 GeV stop 3
C (arb. norm.) E T (arb. norm.) ]
1 H1{ | H1 °
L | [ i -1 i i
Ll 2 3 - e 3
10'2'-L4. P PR .‘:L44.L- lﬂ'z-LA.LLJ.;.M.HM...\ ]
0 50 100 150 200 250 300 0 50 100 150 200 250 300
M, [GeV] M, [GeV]
b | SRR L R T S U L R L B R B N O B B BN BN
= [ isapymiss = ¢*p data ] = 10 F = ¢*p data E
e oL JiiPr  channel ESM ] o g ed channel ESM ]
= E --260 GeVstop 3 =o,T -=260 GeVstop
F (arb. norm.) ] 10 £ (arb. norm.) 3
, L H1 ] g ;
] 10 £ H1 -
-1 ; c) 3 : :
10 ¢ 1 e E
ol 3 B ]
10 rddailaa AU S SRTEEE A B I Y 10 L
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Fig. 3. Mass spectra for the 1 p data: (a) transverse mass of t}'&f | channel; (b) transverse mass of ;he}‘ | channel; (c) reconstructed
mass of thej;j f 1 channel; (d) invariant mass distribution of thé channel. The data are compared with the SM expectations with the
systematic uncertainties shown as the shaded band. The expected signal withhraass 260 GeV is also shown with arbitrary normalisation.

while 6.24 + 1.74 are expected from SM processes 5.4. Analysis of the R-parity violating stop decay
(seeTable 3. The SM background arises predom- channelf — ed

inantly from CC DIS processes. The stop detection

efficiency is typically 35-50% in this final state topol- For stop and sbottom masses for whidh~ M +
ogy. My, the R, decayi — ed becomes dominant (see
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Fig. 2). Events from this process are characterised bers of events and the SM expectations can be found
by high 02 NC DIS-like topologies. The momentum in Table 2 In the ed channel, the typical stop signal
transfer squared, obtained from the scattered electron,efficiency is about 30-45%.
is defined byQ? = (P£)?/(1 - y,). Both the stop de-
cay and the NC DIS final states consist of a jet and an
electron with high transverse momenta. However, the 6. Resultsof SUSY analysis
distributions of the events in masd$, = ,/x.s andy.
are different. Here, the Bjorken variabtg is related
to the other kinematic quantities tgg = XcYes. Stop
decays viak , lead to a resonance in thi, distrib-
ution. In addition, stop quarks decay isotropically in
their rest frame leading to a flalo/dy distribution,
contrasting with that of NC DIS events.

The selection criteria for the — ed channel are
the following.

6.1. Interpretation of bosonic stop decay searches

Inthe juf 1 channel a slight excess of events com-
pared with the SM expectation is observed, confirming
the previous H1 analys[d]. All other channels are in
good agreement with the SM (s€&able 2.

Assuming the presence of a stop of magsde-
caying bosonically, the observed event yields are used
to determine the allowed range for a stop production

The longitudinal momentum loss is limited by re-
quiring 40 GeV< ), (E; — P; ;) <70 GeV.

An electron must be found witR;. > 20 GeV and
with polar angle 5 < 6, < 120°.

A jet must be found withP®'> 20 GeV and with
polar angle 7 < 63et< 140,

The total missing transverse momentum ghe.
must fulfil p.//P; < 4J/GeV, which takes
into account the energy resolution of the LAr
calorimeter.

Only events withQ? > 2500 Ge\f are consid-
ered.

The selection is restricted @ < 0.9 to avoid the
region where migration effects due to QED radi-
ation in the initial state are largest. Background
from photoproduction, where a jet is misidentified
as an electron, is also suppressed by this cut.

In order to maximise the signal sensitivity, a mass
dependent lowey, cut is applied as iifi2], which
exploits the differences in th®, andy, distribu-
tions between the SUSY signal and the DIS back-
ground.

cross section;. The number of observed and expected
events satisfying the relevant selection ciMgata and
Nswm, are integrated within a mass bin (transverse
mass bin) around the calculated stop mass (transverse
mass), corresponding to the decay channel under con-
sideration. The width of the mass bin is adjusted to the
expected mass resolution, such that each bin contains
events reconstructed withia2 standard deviations of
the given stop mass. A signal cross sectgrlepen-
dent on the stop mass can be determined fiéiga
andNsy in each bosonic decay channel by folding in
the signal efficiency, the7 and W branching ratios
BR_ ;w - BRy_ ;7 and taking into account the inte-
grated luminositie€ 301 andL319:

Ndata— Nsm ) 1
€ BR?—)bNW : BRW_>ff‘/ ro - L3014 L319°

(6)

Here,r, is the ratio of the theoretical stop production
cross sections ays = 301 GeV and/s = 319 GeV.
The branching ratio fof — bW is assumed to be

BR-_, ;i = 100%. The uncertainty on the cross sec-
tion, Ao, is determined from the statistical error

(T[(M;) =

The M, spectrum for data and for the SM expec-
tation are shown irFig. 3d for all H1 et p data. The
resolution inM, is between 5 GeV and 9 GeV, de-
pending on the stop mass. No significant deviation
from the SM is found. In particular, at masses above
~ 180 GeV where the stop signal is searched for, no
significant peak is observed in the data. A total of 1100
events are found, while 1120131 are expected from
SM processes, mainly from NC DIS events. The nhum-

on the number of observed events and the system-
atic uncertainty on the SM prediction. The bands in
Fig. 4represent the allowed cross section regions for
all bosonic decay channels. The band for shigp |
channel is narrow due to the large branching ratio
BRw_ ¢4’

FromFig. 4it can be seen that the excess observed
in the juf 1 channel cannot be interpreted as a stop
signal since it is not supported by the other decay
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——
WicP;" channel

[y
[

ble. The given set of model parameters is excluded if
i it predicts a cross section which is larger thap, .

.J“ PT,,WCha""CI Hl pIn order to investigate systematicgally the depen-
[iijPy™ channel dence of the sensitivity on the MSSM parameters, a
scan of the SUSY parameter space is performed. The
SUSY parameter space is selected such that the com-
bined branching ratio is

o, [pb]
=

BROt = BRE_)Ed + BRF%I;W ’ BR[;aved > 85% (7)
20 ! ‘ The parameteM; is set to 1000 GeV ang is re-

IS R T T SN S Y Y TN TSR N O N L
180 200 220 240 260 280 stricted to the range 400 Ge¥ i« < 1000 GeV, which
ensures that the gaugino masses are large. The mixing
M ¥ [GeV] anglesy; andé; are allowed to vary between®rad
and 12 rad. For a given value of tghthe parameters
Fig. 4. Bands representing the allowed stop _cross section regior_15 Mfl’ M,; ,9[, 95 and;L are scanned. The results are not
oy Aoy asafgnctlon of the stop mass as obtained from the analysis sensitivle toA, and Ay, provided the stop and sbottom
of each hosanic stop decay channel mass splittings, see E), are large enough.
For each point in the 5-dimensional parameter
, - space an upper bound on the couplitg, is ob-
modes. For instance, the probability that the observed (5ined. The resulting limits are given for two cases:
eventrate in thgjj P, channel fluctuates upwards to (i) every point of the scanned SUSY parameter space
produce at least the number of events expected on thejg oy ¢ ded, (i) at least one point in the scanned SUSY
basis of the signal in thguf 1 channelis around 1%, 2 rameter space is excluded. The resulting limits ob-
depending slightly on the stop mass. Hence, exclusion ;zina for tar8 = 10 are shown iffig. 5a and b in the

limits on theg, SUSY model described in Secti@h (M;, My) plane forx5; = 0.1 anda 5, = /Ao =

are derived. 0.3. At 15, = 0.1 stop massesf; < 250 GeV can be
excluded, while masse¥; < 275 GeV are excluded
6.2. Exclusion limits in the MSSM at a Yukawa coupling of electromagnetic strength,

i.e., 73, = 0.3. The resulting limits projected on the

The results from the selection channels considered (M# 131 Plane for My =100 GeV are shown in

in this Letter are combined to derive constraints in the Fig. Sc. ForM; = 200 GeV, couplings 5, = 0.03 are
MSSM. For a given set of pameters, the neutralino  'Uled outand fo; = 275 GeV the allowed domain

and chargino masses and the branching ratios of all 'S #131 S 0-3. The limits do not significantly depend

stop and shottom decay modes are calculated. The®" t@ns or on Mz, provided thatMz > 400 GeV,

gluino mass is taken to be above 200 GeV such that Which has been checked bypeting the analysis with

decays of; andb; into gluinos are kinematically not ~ {@n# =2 0r Mz =400 GeV.

possible. The production of the heavier stop is kine-

matically suppressed (see Sect®n An upper limit

otim on the stop production cross section is calculated 7- Conclusions

at the 95% confidence level (CL) using a modified fre-

quentist approach based on likelihood ra{@g]. A search is performed for scalar top quarks res-
Each considered channel contributes via its branch- onantly produced ire™p collisions at HERA in R-

ing ratio, the signal efficiencies and the number of parity violating SUSY models. Final state topologies

observed and expected events within sliding mass binsresulting from R-parity conserving bosonic stop de-

(transverse mass bins). Although the selection criteria cays or R-parity violating idect decays are consid-

for the various channels are not explicitly exclusive, it ered. In thejuf | channel, a slight excess of events

was checked that double counting of events is negligi- compared with the SM expectation is observed. Never-
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Fig. 5. Exclusion limits at the 95% CL in th@\;, Mp) plane for (a)k’13l= 0.1 and (b)k’13l= 0.3. (c) Exclusion limits at the 95% CL on

the ]ép coupling }‘,131 as a function of the stop mass ftf; = 100 GeV. The limits are derived from a scan of the MSSM parameter space as
indicated in the legend. The two full curves indicate the regions exdludell (dark) or part (light) of the parameter space investigated.
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