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Abstract

A search for a narrow baryonic resonance decayingp or K{p is carried out in
deep inelasti@p scattering with the H1 detector at HERA. Such a resonancéd dmal
a strange pentaqua®*, evidence for which has been reported by several expersnent
TheK{p andK2p invariant mass distributions presented here do not shovsmficant
peak in the mass range from threshold up {6 GeV. Mass dependent upper limits on
o(ep— e0tX) x BR(O* — K°p) are obtained at the 95% confidence level.
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1 Introduction

Recently several fixed-target experiments have publistidéece for the production of a strange
pentaquark©* [1], a hypothetical baryon [2] with a minimal quark contefiteid d5, observed

in the decay channeks*n andK2p. This state has been reported with masses in the range of
1520 to 1540 MeV and with a narrow width, consistent with tkggegimental resolution in most

of the observations. Evidence f@" production has been also obtained in deep inelagtic
scattering (DIS) at HERA by the ZEUS experiment [3]. Many fafiservations have also been
reported [1]. The experimental situation is thus contreirand further data are needed to
establish the existence of this resonance.

This paper presents a search for the strange penta@iadsing 74 pb' of deep inelastic
ep scattering data taken with the H1 detector in the years 88. A narrow resonance is
searched for in th&2p or K2p decay channel in the mass range from 1.48 to 1.7 GeV and in
the kinematic range of negative four momentum transferrsgly@?, from 5 to 100 Ge¥ and
of inelasticity,y, from 0.1 to 0.6.

2 Experimental Procedure

2.1 H1Apparatus

A detailed description of the H1 detector can be found in [#je following briefly describes
only those detector components important for the presealysis.

The tracks from charged particles used in this analysis @renstructed in the central
tracker, whose main components are two cylindrical driétrobers, the inner and outer central
jet chamber (CJCs). The inner and outer CJC are mountedwitedly around the beam-line,
covering the range of pseudorapidifies1.9 < n < 1.9 for tracks coming from the nominal
event vertex. The CJCs lie within a homogeneous magnetit dell. 15T which allows the
transverse momenturp,, of charged particles to be measured. Two additional dnéingbers
complement the CJCs by precisely measuringzleeordinates of track segments and hence
assist in the determination of polar angles. Two cylindnalti-wire proportional chambers
facilitate triggering on tracks. The transverse momentesolution of the central tracker is
o(p;)/p; ~ 0.005p, / GeV & 0.015. Charge misidentification is negligible for particlege
inating from the primary vertex and having transverse mdmémnthe range relevant to this
analysis.

The specific ionisation energy loss of charged particlEgdd, is derived from the mean of
the inverse square-root of the charge collected by all Ca€es@ires with a signal above a cer-
tain threshold. The average resolution for minimum iogsparticles iso(dE/dx)/(dE/dx) ~
8% [5].

1In this paper particle names are used to refer to both thécfgaand its antiparticle, unless explicitly stated
otherwise.

2The pseudorapidity is given by = — Intan8 /2, where the polar angiis measured with respect to thaxis
given by the proton beam direction.




A lead/scintillating-fibre calorimeter (SpaCal) is locht® the direction of the electron
beam and covers the pseudorapidity rarge39 < n < —3.64. It contains electromagnetic
and hadronic sections and is used here to detect the scatleatron in DIS events and to mea-
sure its energy. A planar drift chamber, positioned in froihthe SpaCal, measures the polar
angle of the scattered electron track originating from trenévertex. The global properties of
the hadronic final state are reconstructed combining in&bion from the central tracker, the
SpaCal and the Liquid Argon calorimeter, which surroun@sdéntral tracker. The DIS events
studied in this paper are triggered on the basis of an eneggdition detected in the SpaCal,
complemented by signals in the CJCs and the multi-wire ptapwal chambers.

The luminosity measurement is based on the Bethe-Heittrgsse p— epy, where the
photon is detected in a calorimeter located downstreameointieraction point.

2.2 Monte Carlo Simulation of O+

To estimate the acceptance for the detection of a hypo#i@it state, a Monte Carlo simula-
tion based on the RAPGAP 3.1 [6] event generator is usedipocating the Lund string model
fragmentation [7] as implemented in PYTHIA 6.2 [8]. The kimatic distributions of strange
baryons in DIS data are reasonably well described [9] by RAP@he®™ is introduced by
changing the mass of ti&™ to values in the range from 1.48 to 1.7 GeV and forcing it tcegeec
to K2p. By doing so, it is assumed that tle" is produced at pseudorapidities and transverse
momenta similar to those of other strange baryons and tidateys isotropically. In this sim-
ulation the®™ particle is produced on mass shell. The generated evenpassed through the
H1 detector simulation based on GEANT [10] and are then stdgjeto the same reconstruction
and analysis chain as are the data.

2.3 Selection of DIS Events

The analysis is carried out using data corresponding totagriated luminosity af? = 74 pb 1,
taken in the years 1996-2000. During this time HERA colligdectrong at an energy of
27.6 GeV with protons at 820 GeV (1996-1997) and 920 GeV (19983%0

Events are selected if trecoordinate of the event vertex, reconstructed using th&eaen
tracker, lies within 35cm of the mean position #®p interactions. The scattered electron is
required to be reconstructed in the SpaCal with an en&gwgbove 11 GeV. The negative four
momentum transfer squared of the exchanged virtual ph@#ris required to lie in the range
5 < Q% < 100 GeV?, as reconstructed from the energy and polar angle of theesedtelectron.
The inelasticityy of the event is reconstructed using the scattered elecir@emiatics and is
required to be in the rangeD< y < 0.6. The lower cut ory ensures that the hadronic final
state lies in the central region of the detector, whilst thpar cut corresponds approximately
to the cut orEe. The difference between the total enefgyand the longitudinal component of

3The analysis uses data from periods when the beam leptonitivas & positron.¢Z = 65 pb1) or an electron
(& =9pb).

4The sample with a proton energy of 8@20) GeV corresponds to a luminosity &f = 18(56) pb~1, resulting
in an effective,/s= 314 GeV for the total sample.



the total momentunp;, calculated from the electron and the hadronic final stategstricted
to 35< E— p; < 70 GeV. This requirement suppresses photoproduction backd, in which
the electron escapes detection and a hadron fakes theoalegnature.

2.4 Selection of K Meson and Proton Candidates

The analysis is based on charged particles reconstructibe icentral tracker. Tracks are ac-
cepted if they have transverse momepta> 0.15 GeV and pseudorapiditiég| < 1.75. The
K meson is identified through its decay into charged piés+ " 7r~. Events are accepted
if they contain at least on€? candidate and at least one proton candidate track origgathm
the primary vertex.

K candidates are searched for by performing a constrained éia¢h pair of oppositely
charged tracks. The fit demands these tracks to originate@nanon secondary decay vertex
and the decaying neutral particle to come from the primariexe The secondary vertex must
be radially displaced by at least 2 cm from the primary irtgoa point. The candidates are re-
quired to have a transverse momentppK{) > 0.3 GeV and a pseudorapidity (K9)| < 1.5.
Contamination from\ production is eliminated by requiring that the invariantssillp,; of
the two tracks, reconstructed assigning the proton (picagato the track with higher (lower)
momentum, be above 125 GeV. Background from converted photons is rejected byrdh
quirementMee > 50MeV. Figurellla shows the distribution of the invariant snisls+ . of
the KQ candidates together with a fit to the data using a superpositi two Gaussian func-
tions (to account for different invariant mass resolutiamnslifferent decay topologies) and a
straight line to approximate the background. The fitted peagdition iSM+ ~ = 4959 MeV
which agrees with the nomin&? mass [11] within a few per mill. 133,000 candidates
are reconstructed, as given by subtracting the fitted backgt from the datak? candidates
with 0.475< M+ < 0.515 GeV are selected for further analysis. In this mass range
background under thg? peak is~ 3%.

Proton candidates are selected using requirements on dedisponisation energy loss,
dE/dx , measured in the CJCs. Figllle 1b shows the measi¢dxdlotted against momen-
tum for all tracks originating from the primary vertex, whitead to a masMyo, < 1.8 GeV

when combined with th&? candidates. The curves in FiJ. 1b represent the most prebabl
dE/dx values as derived from a phenomenological parametensgiijobased on the Bethe-
Bloch formula. Likelihoods for a particle to be a pion, kaanpooton are obtained from the
difference between the measurds/dx and the most probable value for each particle type at
the reconstructed momentum. The normalised proton likelihL p, is defined as the ratio of
the proton likelihood to the sum of the pion, kaon and protkelihoods. In order to optimise
simultaneously the background suppression and the predeoct®n efficiency, a momentum
dependent cut on the normalised proton likelihdgdis applied ofLp > 0.3 (Lp > 0.1) for
proton momenta below (above) 2 GeV. The efficiency of tBgak selection is tested using
protons from/\ decays. The efficiency varies between 65% and 100% as aduaraftmomen-
tum and is described by the Monte Carlo simulation to witl 5
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Figure 1: a) Inclusiv&? signal in the invariantr™ T~ mass distribution for 5 Q? < 100 Ge\?
together with the result from a fit of a sum of two Gaussian fioms for the signal and a straight
line for the background. b) Specific ionisation energy l@tative to that of a minimally ionising
particle plotted as a function of momentum. The lines ingigaarameterisations of the most
probable energy loss for pions, kaons and protons measutbd CJCs.

3 Analysisof K2p Combinations

In order to search for &' resonance, the candida€ mesons are combined with the pro-
ton candidates. To improve the mass resolutionkfp four vector is calculated as the sum

of the KQ and proton four vectors witEKg =, /p§0+ Mio, where the nominal maddyo is
used instead of,+,—. For theK2p system,p,(KIp) > 0.5 GeV and|n(K2p)| < 1.5 are re-
quired. TheMKgp distributions are shown in Fil 2 for three bins@3% (5 < Q% < 10 Ge\?,

10< Q2 < 20 Ge\? and 20< Q? < 100 Ge\A). The shape of the invariant mass distributions
is found to be reproduced by a background Monte Carlo sinomaidf inclusive DIS events
using the DJANGOH event generator [12] and the H1 deteatoulsition based on GEANT. A
fit of an empirical background function of the form

f(Mkop) = o - (Mygp — Minr)P - exp{—(Mop — Mthr) - v} (1)

is performed to the data, whekén, = Mko + Mp (Mp being the proton mass) amd 8 andy

are free parameters determined for e@@tinterval independently. The data are well described
by this phenomenological function. No narrow resonanceb&oved in any of th€? bins.
The Mkop distribution is therefore used to set upper limits on@eproduction cross section,

0° = (o(ep— €@ X) + o(ep— e0+X)) x BROT — KOp)

Since the mass of th®' candidate is experimentally not well established, mas® miggnt
limits are derived in the range from 1.48 to 1.7 GeV. For agi® massMg+, the expected

7
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Figure 2: InvarianK2p(p) mass spectra in bins @?. The full line shows the result from
the fit of the background functiolll(1) to the data. The uppeits on the cross sectiorvl(?L
(see text) at 95% confidence level integrated over the kitiemangep (K{p) > 0.5 GeV,
In(KYp)| < 1.5 and 01 < y < 0.6 are shown below the mass spectra.
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number of selecteddp combinations due t®* production is related to® via
N(M@+):0®-$-£D|s-8@+(M@+)-BR(KO—> 7T+7T_) , (2)

where.Z is the integrated luminositgp,s is the acceptance of the inclusive DIS event selection
andeg+ (Mgt ) is the acceptance of th@+ selection. The cross sectiaf is integrated over
the visible kinematic range studied, which is given fpyK{p) > 0.5 GeV, |n(K%p)| < 1.5,

0.1 <y < 0.6 and the respectiv®? bin. The branching ratio for the transition kif to K and

its decay into charged pions BRK® — ) = BRK® — K9) x BRK{ — ) =

0.5 x (0.6895+ 0.0014) [11].

An upper limit at the 95% confidence level (C.L.) NiiMg+ ), NuL(Mg+ ), is obtained from
the observed, the background and the sign@élp distributions in the mass range from 1.45
to 1.8 GeV, using a modified frequentist approach based efiikod ratios [13]. This takes
into account statistical and systematic uncertaintiehiefsignal and the background number
of K&p combinations. Thé/yo, distribution for signal combinations is taken to be a Gaarssi
with a mearMg+ and awidth’ correspondlng to the experimental mass reealas obtained in
the®* Monte Carlo simulations. This widtti(Mg+ ) varies from 4.8 to 11.3MeV in the mass
range from 1.48 to 1.7 GeV. The backgrouvigo, distribution is taken to be the fitted function
given by equationf]1).

A systematic uncertainty on this background distributiwassessed by performing the fit
under different assumptions: using the background fundin the full mass range, excluding
amass window of-2¢ around theé®™ mass, and also using the sum of the background function
and a Gaussian with fixed malsk+ and widtha(Mg+ ) to account for a possible signal. The
uncertainty of the number of backgrouk@p combinations is estimated from the difference
between the different fitting methods and amounts to 2%.

The systematic uncertainty bf Mg+ ) comprises the following main contributions:

e The measurement of the luminosity has an uncertaintys$fol

e The uncertainty of the inclusive DIS event selectiap,s, is 6.5%, which is coming
mainly from contributions due to the trigger efficiency (3%)e SpaCal energy cali-
bration (3%), remaining contamination from photoprodoctbackground (2.5%) and
radiative corrections (1%).

e The efficiency of thé®™ selectiongg+(Mg+), has an uncertainty of 8% which comprises
the uncertainty in modelling track losses (6%) and the uag®y in the efficiency of the
dE /dx selection (5%).

e The Monte Carlo model used for correction is based on thengstson that pentaquarks
are produced with similar phase space distributions asiggrdaryons. Since no es-
tablished production mechanism for t&@€ yet is known, production model dependent
uncertainties are not considered. Dependencies on the Q@izlmare estimated by
comparing thé@™ acceptances derived with the RAPGAP and the CASCADE [14jteve
generators, which incorporate different QCD evolutionesobs. The difference is found
to be small and negligible compared with other sources dégayatic uncertainties.

9



The contributions are added in quadrature and the resuititady systematic uncertainty
of N(Mg+) is 11%. The uncertainty of the number of backgroufth combinations is the
dominating systematic effect in the limit calculation.

The upper limit on the cross section§, , is then calculated frorhy (Mg+) according to
equation ). The upper limits at 95% C.L. are shown belowntlass spectra of Fill 2 for the
three differentQ? bins. The limits vary between 30 and 90pb for the differ@®atbins and
over the mass range from 1.48 to 1.7 GeV. The invariant masstrspof positivek?p and
negativeK2p combinations are also studied separately. No narrow resenia observed. The
corresponding upper limits for th@" decaying tok®p and its charge conjuga@* decaying
to KOp, shown in FigB, are found to be of comparable size. The updamnward fluctuations
of the limits occur at different masses for the differ@3tbins and charges, which supports the
hypothesis that the observedp invariant mass distributions are consistent with being tdue
combinatorial background only.

The ZEUS experiment has reported a posit®e observation at a mass of 1.522 GeV in
DIS for Q% > 20 Ge\? using a data sample corresponding to an integrated luntynosiL21
pb~1 [3]. The Kp system was reconstructed using only protons having a mamehelow
1.5 GeV, while the requirements on the transverse momentga@udorapidities dk{ and
K{p are the same as in the present analysis. The analysis daabbve is repeated using only
proton candidates with momenta below 1.5 GeV. The resuitivgriantk2p(p) mass spectra
are shown in Figll4a for 26 Q? < 100 GeV and 01 < y < 0.6. No significant pentaquark
signal is observed for events in the low momentum protorctiele The upper Iimitsvf?L at
95% C.L., derived from these mass spectra, are shown illlBigAla ©" mass of 1.52 GeV an
upper limit on the cross section of 72 pb at 95% C.L. is fourtte KYp andK2p combinations
do not yield any significant peak either. The correspondipgeu limits are also shown in
Fig.Hc.

4 Conclusions

A search for the strange pentaqu@k in deep inelastie pscattering is presented. No signal
for @1 production is observed in the decay mo@ig — K0p and ©F — K2p for negative
momentum transfers square@?, between 5 and 100 G&V Assuming that pentaquarks are
produced with similar kinematics as known strange baryorass dependent upper limits at
95% confidence level on the cross sectmfep — e X) x BRO1t — K%p) are derived in
intervals of Q% and found to vary between 30 and 90pb over the mass range fé8ntd
1.7 GeV.

The analysis is repeated, restricted to la@geand low proton momentum, a region in which
the ZEUS collaboration observes evidence f@asignal. For this selection no signal is found
either.
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Figure 3: Upper limits on the cross sectioff, (see text) at 95% confidence level in bins of
Q? for KOp (full line) and K9p (dashed line) separately, integrated over the kinematigera
p.(Kdp) > 0.5GeV,|n(K2p)| < 1.5and 01 < y < 0.6.
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Figure 4: a) Invariank2p(p) mass spectra for 28 Q2 < 100 Ge\# for proton candidates with
momenta below 1.5 GeV and b) upper limits on the cross sequ?gr(see text) at 95% confi-
dence level for 26 Q? < 100 Ge\# integrated over the kinematic range(K2p) > 0.5 GeV,
In(K9p)| < 1.5 and 01 < y < 0.6 using the low momentum proton selection forkflp com-
binations and c) fok2p (full line) andK2p (dashed line) combinations separately.
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