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Abstract

A search for single top quark production is performed in thi #p data sample
collected by the H1 experiment at HERA, corresponding tordegrated luminosity of
474 pb~'. Decays of top quarks into &quark and &/ boson with subsequent leptonic or
hadronic decay of th& are investigated. A multivariate analysis is performedisarim-
inate top quark production from Standard Model backgrouratgsses. An upper limit
on the top quark production cross section via flavour changieutral current processes
o(ep — etX) < 0.25 pb is established &% CL. Limits on the anomalous coupling,
are derived.
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1 Introduction

Top quarks are of particular interest in searches for nevsighybecause their mass is close
to the electroweak scale. kip collisions at HERA the production of single top quarks is
kinematically possible due to the large centre of mass gradngp to/s = 319 GeV. Within the
Standard Model (SM) the production of top quarks at HERA iséner strongly suppressed.
Therefore the observation of single top quark productiomldide a clear indication of new
physics. In several extensions of the SM the top quark isigiedito undergo flavour changing
neutral current (FCNC) interactions, which may lead to aalite top quark production cross
section at HERA [1, 2].

A search for single top quark production is performed usheyftll e*p data sample col-
lected by the H1 experiment at HERA. The data correspond tmtagrated luminosity of
474 pb~, including 36 pb~! of data taken at/s = 301 GeV. The analysis is inspired by and
supersedes the previous H1 search for single top quark gtiodibased on an integrated lumi-
nosity of 118 pb~! [3]. Anomalous single top quark production also has beeastigated by
the ZEUS collaboration [4] and by the LEP experiments [5].

In the present analysis, single top quark production isafetkvia the decay of the top quark
t — bW. In the case of leptonic decays of thé boson,W — (v, the signature is a charged
lepton (electron or muon) and missing transverse momerdaaopmpanied by a hadronic final
state X with a high transverse momentun?/() due to theb quark. Events of this topology
have been studied in a recently published analysis of ewdttissolated leptons and missing
transverse momentum by H1 [6]. In the case of the hadidnlmoson decay channél] — ¢,
the signature of single top quark production consists &elmghP;- jets with an invariant mass
compatible with the top quark mass. A multivariate discnanit based on a neural network is
used to differentiate top quark production from SM backgichuA possible contribution from
a top quark signal is extracted using the method of fractiemant counting [7].

2 Single Top Quark Production

The dominant process of SM single top quark production at NiERvia charged current (CC)
productionep — vtbX . The cross section for this process has been estimatedj@]@j1) fb
and is thus not observable with the available integratedrasity. Anomalous single top quark
production within FCNC models, where the coupling of a topruvith an up-type quark’
via a photon is described by a couplirg;,, is illustrated in figuréll. This process, as well as
FCNC top quark interactions involving vector couplings t&@ &osonV;; ,, can be described
by an effective Lagrangian [9]:

g
2 cos Oy

eey
[FONC _ ecy
eff 2A

U=u,c

KatrE0 AP U +

‘/tUZt_’V;LUZ# —+ h.C.,

whereo,, = (i/2) [y*,v"], 6w is the Weinberg angle; and g are the couplings to the elec-
tromagnetic and weak gauge groups Withl) and.SU(2) symmetries, respectively;; is the
electric charge of up-type quarks#” is the field strength tensor of the photdft, is the vector
field of theZ boson and\ is a scale parameter.
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Figure 1: Anomalous single top quark productioreincollisions via a FCNC couplingy,,.

As the top quark mass is comparable to ¢pecentre of mass energy at HERA, the inter-
acting parton in the proton must be at high BjgrkerZontributions from the charm quark are
therefore neglected:(., = Vi.z = 0) since thec quark density in the proton is low at high
Bjgrkenz. Similarly, the production of anti-top quarks is neglected this process involves
sea anti-quarks in the initial state.

The simulation of an anomalous single top quark signal issdesing the event generator
ANOTOP [3], which uses the leading order (LO) matrix elenseoit the complete + ¢ —
e+t—e+b+W — e+b+ f+ f process as obtained from the CompHEP program [10].
ANOTORP is used to calculate the production cross sectiort@study decays of top quarks in
the H1 detector. Only top quark decays:> bWV are considered as suggested by the strict limits
on other possible top quark decays [11, 12].

The anomalous single top quark production cross sectiotheanbe parametrised as:
olep — etX,v/s) =c, - Iﬁ?u,y +ez Vgt ez By Viaz- Q)

The coefficients:, andc, are determined with ANOTOP gaf's = 319 GeV. In this analysis
Myop IS S€t 10175 GeV and by convention the scale parametes fixed tom,. If A = myqp

is reduced tal 70 GeV, the cross section increasesyy,, mainly due to an increased phase
space for the production of top quarks. This mass range gpasses the current top quark mass
determination of CDF and D@, = 172.4 £ 1.2 GeV [13] and corresponds to a coefficient
range frome, = 7.53 pb t09.41 pb andc; = 0.26 pb t00.32 pb. The values fot,, include next
to leading order (NLO) corrections [14], which increaseltkecross section by7%. Including
these NLO corrections results in an uncertainty relatechéodhoice of the renormalisation
and factorisation scales of abdifto. Since the contribution of th& boson is small and no
competitive sensitivity is expected,-exchange is neglected in this analysis and onlyxthe
coupling is considered. The interference term with coefiti.,, contributes less thatf of
the total cross section and is therefore also neglected.



3 Standard Model Background Processes

The contributions from SM processes to the background irepinic decay channels were
studied extensively in the analysis of events with isoldégdons and missing transverse mo-
mentum [6] and are only briefly described here. The main SMdpaeind process is the pro-
duction of singlel’ bosons. Further SM background processes may mimic the tax gig-
nature through misidentification or mismeasurement. Inh@ronic decay channel the SM
background prediction is dominated by multi-jet eventsipiced in photoproduction or neutral
current (NC) deep-inelastic scattering (DIS).

Production of singléV bosons is modelled by the EPVEC generator [15]. NLO QCD cor-
rections are taken into account by reweighting the gengéeatents [16,17]. CC DIS events are
simulated using the DJANGO [18] generator, which includest brder leptonic QED radiative
corrections based on HERACLES [19]. The production of twonore jets in DJANGO is ac-
counted for using the colour-dipole model [20]. The RAPGAR][event generator, which im-
plements the Born, QCD Compton and Boson Gluon Fusion meligixents, is used to model
NC DIS events. Direct and resolved photoproduction of jeitd prompt photon production
are simulated using the PYTHIA [22] event generator. Theugation is based on Born level
hard scattering matrix elements with radiative QED coroes. In RAPGAP and PYTHIA,
jet production from higher order QCD radiation is simulatesthg leading logarithmic parton
showers while hadronisation is modelled with Lund strirggfnentation. The leading order
MC prediction from NC DIS and photoproduction processe wito or more high transverse
momentum jets is scaled by a factorlo®, to account for missing higher order QCD contribu-
tions in the MC generators [23,24]. Further small contiidms to the SM background originate
from lepton pair production, simulated using the GRAPE geaioe [25], and from photon wide
angle bremsstrahlung, simulated in the WABGEN framewo#{.[2

Generated signal and background events are passed thi@EANT [27] based simu-
lation of the H1 detector, which takes into account the rogrdonditions of the different data
taking periods, and are reconstructed and analysed ugrggthe program chain as for the data.

4 Experimental Conditions

A detailed description of the H1 experiment can be found Bl.[nly the detector compo-
nents relevant to the present analysis are briefly deschbegl The origin of the H1 coordi-
nate system is the nominap interaction point, with the direction of the proton beam wlefi
ing the positivez-axis (forward region). Transverse momentum is measure¢kdeny-plane.
The pseudorapidity is related to the polar angkeby » = — In tan(#/2). Tracking is pro-
vided by the central20° < # < 160°) and forward {° < 6 < 25°) tracking detectors. They
are used to measure charged particle trajectories, to sgcohthe interaction vertex and to
complement the measurement of hadronic energies. Theiritadetectors are surrounded
by a finely segmented Liquid Argon (LAr) calorimeter [29] tlevers the polar angle range
4° < # < 154°. Electromagnetic shower energies are measured with asspyeafo(F)/FE =
12%/+/E/GeV & 1% and hadronic energies with £)/E = 50%/+/FE/GeV & 2%, as mea-
sured in test beams [30, 31]. In the backward region, eneggsnrements are provided by a
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lead/scintillating-fibre (SpaCal) calorimeﬂe{BZ] covering the rangé55° < # < 178°. The
LAr calorimeter and inner tracking detectors are enclosesl super-conducting magnetic coil
with a field strength ofl.16 T. From the curvature of charged patrticle trajectories artirag-
netic field, the central tracking system provides trang/@n®mentum measurements with a
resolution ofop./Pr = 0.005Pr/GeV & 0.015 [33]. The return yoke of the magnetic coll
is the outermost part of the detector and is equipped witraster tubes forming the central
muon detector4® < 0 < 171°). In the forward region of the detectd@’(< 6 < 17°) a set of
drift chambers detects muons and measures their momengassiron toroidal magnet. The
luminosity is determined from the rate of the Bethe-Heiflewcessp — epy, measured in a
photon detector located close to the beam pipe-at—103 m, in the backward direction.

The LAr calorimeter provides the main trigger for eventshis tanalysis. The trigger effi-
ciency is almost 100% for events with an electron with an gnebovel0 GeV. Events with
muons are triggered by an imbalance in transverse momenteasured in the calorimeter
Pg#le The trigger efficiency is- 60% for Ps° = 12 GeV, rising tox~ 98% for P2 > 25 GeV.
Events with jets have a trigger efficiency of nearly)% for events withP)" > 25 GeV [34].

In order to remove background events induced by cosmic rayether nornep sources, the
event vertex is required to be reconstructed withid cm in z of the average interaction point.
In addition, topological filters and timing vetoes are apgli

5 Data Analysis

5.1 Particle Identification and Event Reconstruction

Particle identification and hadronic final state reconsibacare described in detail in [6] and
are only briefly summarised here. Electrons and photonstaeacterised [35] by compact
and isolated electromagnetic clusters in the LAr calorenet SpaCal. Muon identification is
based on a track in the inner tracking systems associatadigitals in the muon detectors [36,
37]. Calorimeter energy deposits and tracks not previoigsntified as electron, photon or
muon candidates are used to form combined cluster-tra@ctshjfrom which the hadronic final
state is reconstructed [34, 38]. Jets are reconstructedtfiese combined cluster-track objects
using an inclusive: algorithm [39, 40] with a minimum transverse momentum4oGeV.
The missing transverse momenturf’ss in the event is derived from all detected particles and
energy deposits in the event.

Strict isolation criteria are applied to electron and muandidates. For electrons a track
with a distance of closest approach (DCA) to the clustersd thani2 cm is required to reject
photons. The calorimetric energy measured within a digtandhe pseudorapidity-azimuth
(n — ¢) planeD = /An? + A¢? < 0.5 around the electron cluster is required to be below
3% of its energy. Furthermore, electrons are required to blatst from jets by a distance
D(e;jet) > 1.0 to any jet axis, and in the regigh> 45° by a distance)(e; track) > 0.5 from
any track. A muon candidate may have no more thdbeV energy deposited in a cylinder,
centred on the muon track direction, of radiziscm and50 cm in the electromagnetic and
hadronic sections of the LAr calorimeter, respectively. diicandidates are required to be
separated from any jet by a distan@éy; jet) > 1.0 and from any track byD(y; track) > 0.5.

1This device was installed in 1995, replacing a lead-statit “sandwich” calorimeter [28].
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5.2 Systematic Uncertainties
The following experimental systematic uncertainties anestdered:

e The uncertainty on the electromagnetic energy scale vdepsnding on the polar angle
from 0.7% to 2%. The polar angle measurement uncertaingisrad for electromagnetic
clusters.

e The scale uncertainty on the transverse momentum of Righmuons is2.5%. The un-
certainty on the muon polar angle measuremeftigad.

e The hadronic energy scale is known withis% [41]. The uncertainty on the jet polar
angle measurement 1 mrad [34].

e The uncertainty on the trigger efficiencyd%.

e The luminosity measurement has an uncertainty’of

The effect of the above systematic uncertainties on the M@etation is determined by varying
the experimental quantities byl standard deviation in the MC samples and propagating these
variations through the whole analysis.

Additional model uncertainties are attributed to the SM Mé&herators described in sec-
tion[3. Atheoretical uncertainty a6% is used for the predicted contributions from EPVEC [16].
In the electron and muon channels the CC background cohbiuvhich is modelled using
DJANGO, is attributed a systematic errori®% [6]. The contributions from background pro-
cesses modelled using RAPGAP, PYTHIA, GRAPE and WABGEN é#riéated30% model
uncertainties [6]. In the hadronic channel, the backgrqunodesses with multi-jet final states
modelled using RAPGAP and PYTHIA are attributed @ model uncertainty determined
from the comparison to data in an extended phase space.

5.3 Electron and Muon Channels

The search for single top quark production in the electrahranon channels is based on the
selection described in [6]. Isolated electrons and muortis aitransverse momentufkf. >

10 GeV in the polar angle rangé < 6, < 140° are selected in events with a missing transverse
momentumP®s > 12 GeV. In the electron channet9 events are found, compared to a
SM prediction of43.1 + 6.0. In the muon channell4 events are observed, compared to a
SM prediction of11.0 + 1.8. To estimate a potential top contribution to this sampleppa t
quark candidate is reconstructed from its decay produefdh/, neutrinor andb quark),
and the compatibility with single top quark production vi@N¥C is tested using a multivariate
discriminant method.

The neutrino four-vectoP, is reconstructed using the transverse and longitudinal emm
tum balance of the event. The transverse momentum of themeig reconstructed by assum-
ing:

DU _ pmiss
Py = pmiss,
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If the scattered electron is detected in addition to theatgal lepton, the four-vector of the neu-
trino can be fully reconstructed by exploiting the energgl Bimgitudinal momentum balance:

> (E' - Pl) + (E" - P!) = 2E. = 552 GeV, (2)

i

where the sum runs over all detected particlesjs the momentum along the proton beam
axis andE? is the electron beam energy. For events with more than offegésbelectron, the
electron with the lower transverse momentum is assumed thébscattered electron [42]. If
the scattered electron is not detected, the constiiditit~ My, = 80.42 GeV is applied. In
the case that two physical solutions are obtained f¢t — P!), the more probable solution
according to the ANOTOP simulation is chosen [42]. A smaltfron of events is removed in
the case when the reconstruction algorithm finds no physalation. In the electron channel,
38 events are selected after this neutrino reconstructionlev8l.7 + 5.6 are expected from
the SM. In the muon channel, 13 events are selected, While+ 1.6 are expected from the
SM. The selection efficiency for generated ANOTOP eventhiatstage ist9% (44%) for the
electron (muon) channel. The four-vector of theet candidate is defined as the four-vector of
the hadronic final state. The four-vector of the top quarkda#ate is reconstructed as the sum
of the four-vectors of the isolated lepton, the neutrino treb-jet candidate. This includes top
quark decays where thi& boson decays Vit — 7 — e(u). Figure2 shows the reconstructed
top mass in the combined electron and muon channels. Theuwdata overall agreement with
the SM prediction, while a slight excess of data events igoesl in the top quark mass range.

In addition to the kinematic reconstruction of the top quaekay the lepton charge is also
exploited, as the decay chain— bW+ — (vb produces only positively charged leptons. Well
measured negatively charged leptons are rejected by negjyjr- % > —1.0 whereg, is the
charge of the lepton|x| is the curvature of the track associated to the lepton&ni the
error on the curvature. This requirement is only appliechend¢entral region where the charge
determination by the tracking detectors is reliable. Tdbimmarises the event yield in the
electron and muon channels for the resulting top preselectn the electron channgl events
are selected, whilg1.5 + 4.0 are expected from the SM. In the muon channel, eight eveats ar
selected, whil&.0 + 0.9 are expected from the SM.

The following observables are then used to further diserata single top quark production
via FCNC against SM background:

e P?, the transverse momentum of thet candidate;
e M the invariant mass of the reconstructed top quark;
e 0f,., theW decay angle calculated as the angle between the lepton nt@mémthelV’

rest frame and th& direction in the top quark rest frame.

Distributions of these observables are shown in figures@ @d 4 (a-c) for the electron and
muon channels, respectively. Good overall agreement ofldie with the SM expectation is
seen in all distributions. For the discrimination of top datkground events, a multivariate
discriminator based on a multilayer perceptron (MLP) nenesawork was trained on the sig-
nal and background simulations. Figurés 3 (d) @nd 4 (d) sheMLP discriminator output
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distributions for the electron and muon channels, respalgti A good agreement is observed
between data and SM expectation, with some events visiltteeisignal region.

Results from the multivariate analysis are cross checkéal avcut-based top selection re-
quiring for the top preselected events in additiBp > 30 GeV and M“* > 140 GeV. The
resulting event yields are also shown in tdble 1. In thiscdiee five events are selected in the
electron channel, whilg.2 + 0.4 are expected from the SM. In the muon channel, four events
are selected, while.1 £+ 0.3 are expected from the SM. This sample includes all five tke-li
events found in the previous analysis [3]. If the charge irequent is not applied, the corre-
sponding event yields are seven selected events for antetijpecof4.1 + 0.7 in the electron
channel, and six events for8 + 0.4 expected in the muon channel.

5.4 Hadronic Channel

The hadronic decay of th#” boson from the top decay— bW — bqq' leads to events with
at least three jets with high transverse momenta. SM baakgrarises mainly from multi-jet
events in photoproduction or NC DIS. A top preselection iing&l by selecting events with
at least three jets in the pseudorapidity range5 < 7®* < 2.5. The jets are ordered by the
magnitude of their transverse momenta and only events&jith > 40 GeV, PX" > 30 GeV
and PX** > 15 GeV are selected. A cut on the scalar sum of the jet transwvarseenta
> PJTet > 110 GeV is also applied. In addition, one of the jet pairings myisld an invariant
mass betweefi> GeV and95 GeV, corresponding to a window around the nomialmass
with a width of twice the mass resolution obtained for hadrd#i decays [42]. The remaining
jet that is not used to form thE#” candidate is considered to originate from thquark and
is required to have a minimurf; > 25 GeV. The yield for this top preselection is given in
table[1. A total of404 events are selected, compared to a SM predictio388f+ 32 events.
The selection efficiency for generated ANOTOP event&lg at this stage. Analogously to
the leptonic channel observables for the discriminatiotheftop quark signal from the QCD
background are chosen:

e P!, the transverse momentum of thget candidate;

e M the invariant mass of all jets in the event correspondirteéanass of the top quark
for signal events;

e 0., theWW decay angle defined as the angle intfigest frame between the loweBt
jet of the two jets associated to thE decay and théV direction in the top quark rest
frame.

Distributions of these three observables are shown in f§ifeec), compared to the SM expec-
tation and the simulated top signal. Good agreement betteedata and the SM simulation
is seen for all three distributions. For the discriminatodmop and background events, an MLP
discriminator was trained on the signal and background Isiians. Figuré b (d) shows the
discriminator output distribution for the signal and bakgnd simulations. Also shown are the
data events as classified by the discriminator and a goo@iagm is observed between data
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and SM expectation. This distribution is used to extract ssfmde signal, as described in the
next section.

A cut-based top selection is also performed in the hadrdmécel. The transverse mo-
mentum of the)-jet candidate has to fulfilP% > 40 GeV and the reconstructed top quark mass
150 < M < 210 GeV. The number of candidate events selectet& compared with
123 + 13 events expected from SM processes.

6 Results

The discriminant distributions observed in all three cledarare in correspondence with the
SM expectation as shown in figurigls 3 (d), 4 (d) &ahd 5 (d). Simcsignificant indication for
the production of single top quarks is observed, upper $imoit the cross section are derived
using the method of fractional event counting which takdésieficies, statistical and system-
atic uncertainties into account [7]. This method is crdsse&ed using a modified frequentist
approach [43] which is found to yield similar results. Alsgected cross section limits are
determined by assuming that a top quark signal is a fluctuati®oisson distributed SM back-
ground. An ensemble of toy experiments with this hypothesisonducted using the back-
ground prediction and calculating a cross section lim@&t CL for each toy experiment. The
mean of the resulting distribution is reported as the exgmectoss section limit @5% CL.

For all channels combined an upper bound on the cross sdatismgle top quark produc-
tion via FCNC is obtained at th&% CL.:

o(ep — etX,v/s = 319 GeV) < 0.25 pb.

This cross section limit is reported fQfs = 319 GeV, taking into account the rati@70 of the
predicted signal cross sections\at = 301 GeV and319 GeV [14]. Table[2 lists the observed
and expected cross section limits for the individual ch&rtbe combined leptonic channels,
and all channels combined.

The top-like events observed in the data at high values adideiminant lead to observed
limits that are weaker than the expected limits. This défere corresponds to the slightly higher
observed event yields from the cut-based top selection acedto the predictions. Extracting
a production cross section from the discriminant distidng gives for all channels combined
olep — etX,\/s = 319 GeV) = 0.11 + 0.07 pb. This value is compatible with zero within
two standard deviations.

The limits on the cross section are converted to limitg& CL on the anomalous FCNC
coupling k4, using equationll. This results in an upper limitop, < 0.16 — 0.18 for the
parameter rangd = my,, = 170 — 175 GeV, respectively. Figurel 6 shows current limits
from experiments in the,,, -V, plane. The limits on branching fractions of anomalous
decays of top quarks obtained by the CDF experiment at Tavdirl, 12] are converted to
limits on couplings using the conventions described inise@. The limit on the branching
fraction B(t — ¢Z) < 3.7% at 95% CL reported by CDF [11] corresponds to the strictest
limit on the V,,,; coupling. For ease of comparison, the H1 limit on the couphp,, is also
converted to a limit on the branching fractiét — u~y) < 0.64%, also shown in table/2. The
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LEP experiments have also searched for anomalous singlguian production [5]. The limit
obtained by the ZEUS experiment [4] using) pb~' of data is similar to the H1 bound based
on the full HERA data, mainly reflecting the slight excessay-tike events observed by H1,
but not by ZEUS. The present analysis explores a domain netred by other colliders.

7 Summary

A search for single top quark production via FCNC at HERA igf@ened using the fulk*p
data sample, corresponding to an integrated luminosityréfob~!. The search is based on a
sample of events with isolated leptons and missing trassveomentum and a sample of multi-
jet events. No evidence for single top quark production seoled. Within FCNC models the
top quark production cross section is extracted from maiiate discriminator distributions
using the method of fractional event counting. An uppertiati95% CL on the production
Cross section:

o(ep — etX, /s = 319 GeV) < 0.25 pb

is established. This result is translated into a limit onahemalous coupling,,, at95% CL:

Ky < 0.18

if the scale of the new physics = my,, = 175 GeV. This corresponds to a limit on the
branching ratid3(t — uy) < 0.64%.
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H1 Search for Single Top Production at HERA (*p, 474 pb~1)

- Electron Channel Data| Standard Mode| Top Efficiency
= Isolated Leptons | 39 | 43.1+6.0 49%
% v Reconstruction 38 39.7+5.6 49%
§- &J Cut on Lepton Charge| 30 31.5+£4.0 49%
Cut-based Top Selection 5 3.2+04 40%

- Muon Channel Data | Standard Mode| Top Efficiency
'% Isolated Leptons 14 11.0+1.8 44%
% v Reconstruction 13 10.7+1.6 44%
§- %J Cut on Lepton Charge| 8 8.0+0.9 44%
Cut-based Top Selection 4 2.14+0.3 36%

Hadron Channel Data | Standard Mode| Top Efficiency
Top Preselection 404 388 + 32 42%
Cut-based Top Selection 128 123 +£13 33%

Table 1: Observed and predicted numbers of events in the@eouon and hadronic channels
for the steps of the top preselection and in the cut-basesdiggtion. The top signal efficiency
is estimated using ANOTOP. The quoted errors take into adcallistatistical and systematic
uncertainties.

16



H1 Search for Single Top Production e*p, 474 pb—1)
Channel Upper Limit at95% CL

olep —» tX,\/s =319GeV) Kiury B(t — uy)

Observed [pb] Expected [pb] [%0]
Electron 0.40 0.24 0.21 —0.23 | 0.82 — 1.02
Muon 0.30 0.22 0.18—0.20 | 0.61 — 0.76
Electron+Muon 0.27 0.15 0.17—-0.19 | 0.55 - 0.69
Hadronic 0.42 0.27 0.21 —0.24 | 0.86 — 1.07
Combined 0.25 0.12 0.16 — 0.18 | 0.51 — 0.64

Table 2: Observed and expected upper limit9&% CL on the single top production cross
section at/s = 319 GeV in the electron, muon, hadronic and combined channééa ghown
are upper limits on the anomalous coupling, and on the branching fractiof(t — ).
These limits are shown fok = my,, = 170 — 175 GeV.
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Search for Single Top Quarks at HERA (474 pb'l)

»n 20

= Electron+Muon Channel H1
) Top Preselection ® H1Data
> 15|~ Without cut on lepton charge

L — All SM

10_—

Figure 2: Distribution of the reconstructed top mas$&” in the electron and muon channels
afterv reconstruction but before the cut on the lepton charge. @teale shown as points, the
total SM expectation as the open histogram with systematstatistical uncertainties added in
quadrature (shaded band). Also shown is the ANOTOP predigtith arbitrary normalisation
(dashed histogram).
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Search for Single Top Quark Production at HERA (474 pb'l)

[72] )
2 1o-H1 Electron Channel r= 107 = H1 Electron Channel
g " g’ E ® HlData
T T E= All SM
L 10E i} ANOTOP
s @lm ¢ RO e
I (a) i (b)
- + 1
P + TR l deeal [P
0 75 150 225 300 0 25 50 75 100
evb b
M [GeV] P2 [GeV]
(2] (2]
r= T H1 Electron Channel €12 H1 Electron Channel
o | [T
> sk > C
L i L L
i (c) 10
f E
21 El T
. ; | -
L 1 1 I 1 1 1 1 I Il 1 1 I 1 1 1 I 1 E’
-1 0.5 1 -1 -0.5 0 0.5
e
cosf,,. D

Figure 3: Distributions of observables in the electron cigmused to differentiate single top
production from SM background processes in the top presefecShown are the reconstructed
top massV/’ (a), the transverse momentum of the reconstruefetl candidate”?. (b), thelV’
decay angleos 6. (c), and the combination of these observables into a MLRebdsscrimi-
nantD (d). The data are shown as points, the total SM expectatitimeaspen histogram with
systematic and statistical uncertainties added in quagrdshaded band). Also shown is the
signal prediction with arbitrary normalisation (dashestbgram).

19



Search for Single Top Quark Production at HERA (474 pb'l)
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Figure 4: Distributions of observables in the muon chansetito differentiate single top pro-
duction from SM background processes in the top preselectghown are the reconstructed
top massM*** (a), the transverse momentum of the reconstruttied candidateP?. (b), the
W decay angleos 6%;.. (c), and the combination of these observables into a MLReébhdss-
criminantD (d). The data are shown as points, the total SM expectatitimeagpen histogram
with systematic and statistical uncertainties added irdcatare (shaded band). Also shown is
the signal prediction with arbitrary normalisation (dasihestogram).

20



Search for Single Top Quark Production at HERA (474 pb'l)
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Figure 5: Distributions of observables in the hadronic ctgmsed to differentiate single top
production from SM background processes in the top presetec Shown are the invariant
mass of all jets\/’°*s (a), the transverse momentum of thiet candidateP? (b), thelV decay
anglecos 6?,. (c), and the combination of these observables into a MLRdasscriminant
D (d). The data are shown as points, the total SM expectatidgheaspen histogram with
systematic and statistical uncertainties added in quagrdshaded band). Also shown is the

cos 6},

7]
€ 100 H1 Hadron Channel
g i ® Hi Data
LIJ L
- : ANOTOP
50—
s (b)
0 I 25 50 75 -.100
b
P; [GeV]
) 103
= 10 E H1 Hadron Channel
(O]
>
LW 10°E
s d
C ot ey ( )
10:E + + H
1 -
[ | TR SR T SN NN SR ST ST SN N S S N
1 -0.5 0.5
D

signal prediction with arbitrary normalisation (dashestbgram).
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Limits on Single Top Quark Production via FCNC

1
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Figure 6: Upper limits at 95% CL on the anomalaug, and V,,, couplings obtained as-
sumingA = my,, = 175 GeV. Anomalous couplings of the charm quark are neglected:
Kiey = Viez = 0. The domain excluded by H1 is represented by the light shaded.
The dark shaded band shows the region additionally exclided = my,, is varied to
170 GeV. The hatched area corresponds to the domain excludée devatron by the CDF
experiment [11, 12]. Also shown are limits obtained at LEPthy L3 experiment [5] and at
HERA by the ZEUS experiment [4].
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