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As the first step of the pentaquark search at SPS, invariant mass spectra of baryonic resonances
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E n, B at, EYn” and 2t n " are studied with the data in proton-proton collisions at Erqs = 158
GeV/u obtained by the large acceptance NA49 detector at the CERN, SPS. A narrow resonance
signal of -7~ is found at the mass of 1.862 + 0.002 GeV/c? with its width of 0.018 GeV/c>.
This state is a strong candidate for the hypothetical exotic pentaquark baryon £~ with S=-2, Izg

and a quark content of (ddss%). At the same mass of the ™7

T invariant mass spectrum a peak is

observed as a candidate for the =3 /2 With a quark content of (dsusd). The corresponding antibaryon
spectra also show enhancements at the same invariant mass.

PACS numbers:

I. INTRODUCTION

Since an exotic baryon state ©F with strangeness
S=+1 and quark contents (uudd3s) in the decay channels
nK7T and pK? with the mass predicted in [1] is firstly dis-
covered by the LEPS collaboration in SPring-8 [2] and
confirmed in several experiments over the world [3-8],
theoretical as well as experimental pentaquark researches
are prosperous in the hadron and nuclear physics. Pen-
taquark states have been theoretically investigated for a
long while in the context of the constituent quark model
[9-12]. Some of these states are expected to have ez-
otic quantum numbers which cannot be explained by
three-quark states. Using the chiral soliton model, an an-
tidecouplet of baryons was predicted in [13, 14] and the
lightest exotic baryon resonance with § = +1,JF = %+
is expected to exist at the mass of 1.530 GeV/c? with
width of less than 15 MeV/c? in [1, 15], which was dis-
covered and named as ©1 in above experiments. It was
further predicted [1, 15, 17] that the antidecouplet also
contains an isospin % quartet of S=-2 baryons, consist-
ing of two ordinary Z° and 27, and two additional exotic
states of E* and ==~ with quark contents (uussd) and
(ddssu), respectively. From the viewpoint of the mass
for these heavier members of the antidecouplet, however,
there are still contradictory predictions of 2.070 GeV/c?
[1], 1.790 GeV /c? [16] and 1.750 GeV/c? [17], depending
on their theoretical approaches to the isospin % multiplet.
The experimental research on the isospin multiplet of =s
is therefore well motivated and represents an important
step towards experimental confirmation of the predicted
baryon antidecouplet of pentaquark states. Searching for
the baryon resonances of 2=~ and Z° (and their anti-
baryon resonances 27+ and =°) the invariant mass spec-
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tra of 2~7~ and Z~ 7t (Et7~ and Zt7t) are presented
[18-20].

II. THE NA49 EXPERIMENT

The NA49 spectrometer (described in detail in [21])
consists of two superconducting magnets (total bending
power of 7.5 Tm) with TPCs - VTPC1 and VTPC2-
(time projection chambers) inside the magnetic field,
two additional TPCs - MTPC L/R - downstream of the
magnets, and several TOF (time-of-flight) walls on both
sides of the beam (Fig. 1). The TPCs (VIPC1/2 and
MTPC-R/L) enable one to determine the spatial com-
ponents of the momentum by measuring the curvature
of a charged particle’s trajectory in a given magnetic
field. Extrapolating of the determined momentum vec-
tors the position of the interaction point can be obtained.
The momentum resolution of the spectrometer dp/p? is
about 7 x 107 (GeV/c)™! for the tracks measured only
in VTPC1, can be advanced upto 0.3 x 10~* (GeV /c)~!
taking into account tracks measured all TPCs. The spe-
cific energy loss dE/dzx of charged particles measured in
TPCs enables one to identify the particles with the well
known Bethe-Bloch function (Fig. 2). The TOF informa-
tions are also available to enhance the particle identifica-
tion (PID) efficiency for the particles, which cannot be
well separated through the dE/dz-PID , e.g. kaon PID.
About 6.5 x 10% events in proton-proton collisions at
Ep.=158 GeV/u (/s = 17.2 GeV) were taken by the
NA49 fixed target large acceptance hadron detector. A
cylindrical hydrogen target with the geometry ¢ 2cm X
Length 20cm is used for the interactions with the beam
protons. The trigger used beam counters in front of the
target, together with an anticoincidence counter further
downstream. The measured trigger cross section was 28.2
mb of which 1 mb was estimated to be elastic scattering.
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FIG. 1: A schematic overview of NA49 experimental apparatus showing the target T, the VITPCs within the superconducting
magnets, the MTPCs and the TOF walls. The ground surface is about 6x13 m? without the calorimeters.
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FIG. 2: Particle identification by the specific energy loss
dE/dz.

III. DATA ANALYSIS

The data reconstruction started with pattern recogni-
tion, momentum fitting , and finally formation of global
track candidates (spanning multiple TPCs) of charged
particles produced in the primary interaction and at sec-
ondary vertices. Preferentially, to remove nontarget in-
teract”ions the events were selected by the determined
primary vertex position, which had to be within -9cm
<z < 9cm and -lem < x,y < lem from the center of
target. This event selection reduced the data sample to
3.7 x 10° events. Particle identification was performed by
using the specific energy loss dE/dz informations mea-
sured in TPCs. After careful calibration the dE/dx reso-
lution 3-6% depending on the reconstructed track length
is obtained. The dependence of dE/dx on velocity was
fitted to a Bethe-Bloch type parametrization and this
parameterized Bethe-Bloch function depending on mo-
menta (solid lines in Fig. 2) is used for the nominal (the-
oretical) Bethe-Bloch values, around which the specific
particle selection is accomplished.

For the first step to invariant mass spectra of Zx the
A candidates were found by pairing the identified pro-
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FIG. 3: (a) The pr~ invariant mass spectrum for VO topolo-
gies. (b) The Az~ invariant mass spectrum for =~ candidates.
(c),(d) Analogous spectra for A and =t.

tons and pions, of those the vertices from neutral decays
(so-called VO0s, mostly upstream of VTPC1) lie on the
track with more VTPC points. A four-parameter fit was
then performed to find VO position along the longer track
and the three momentum components of the other track
at this point [22]. The resulting pr— (prt) invariant
mass spectrum is shown in Fig. 3(a) (Fig. 3(c)). Subse-
quently to find 2= (1), the A (A) cadidates within +
15 MeV/c? (shaded area in Fig. 3(a) and (c)) around its
nominal mass position (indicated as arrows in Fig. 3(a)
and (c)) were combined with all 7= (7) performing the
same fit procedure as for the V0 finding. Lastly invariant
mass spectra 27~ and Z- 7t (ETat and =t77) can
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FIG. 4: Invariant mass spectra a’fter selection cuts for
(@)=~ 7, (b)=" 7T, (c)ET7~ and (d)E+t7+. The shaded his-
tograms are the normalized mixed-event backgrounds.

be obtained in Fig. 4, combining 2~ (Z%) candidates to
be within +0.015 GeV/c? around their nominal masses
with primary pion tracks. To select primary pion tracks,
their tracks were extrapolated to impact positions b, and
by, which had to satisfy the conditions |b,| < 1.5cm and
|by| < 0.5cm, and their dE/dz-values had to be within
1_'8750 around their nominal Bethe-Bloch values. In or-
der to reduce background and proton contamination in
pion sample, some additional cuts (p,+ > 3 GeV/c and
O1ap (between = and ) > 4.5°) are optionally imposed.
More detailed descriptions of the analysis can be found
in [18]. In Fig. 4 the mixed-event background histograms
are shaded and overlapped, which are obtained via com-
binations of Z~ (%) and pions from different events and
normalized to the number of real combinations.

IV. RESULTS

A significant narrow peak above the background at ~
1.86 GeV/c? are observed in Fig. 4(a), which can be
interpreted as a candidate of =~ pentaquark baryon
state. The significance of the peak is extracted from the
signal and background in the mass window of 1.8500 -
1.8725 GeV/c* as S/v/S+ B = 4.2, which means 4.2
standard deviation of the background fluctuation. In
the invariant mass spectrum of 27t (Fig. 4(b)) an

another member of the isospin % quartet candidate =°
is visible at the same mass position and the resonance
Z(1530)° is also clearly visible at the mass position of
1.532 + 0.001 GeV/c?, which indicates very small sys-
tematic error comparing with the PDG-value 1.5318 +
0.00032 GeV/c?. The corresponding antibaryon states,
Et++ and =0, are also expected and observed as shown
in Fig. 4(c) and (d). Summing the particle and corre-
sponding antiparticle histograms, one obtains the mass
positions as Mz-—(z++) = 1.862 + 0.002 GeV/c* and
Mzgozoy = 1.864 + 0.005 GeV/c* with width about 18

MeV/c? in both cases. Since the two summed particle
plus antiparticle mass spectra have their peaks at posi-
tions which are closer than the mass resolution of the
detector, they can be added to determine a combined
significance. The sum of the four mass distributions de-
livered the mass position of 1.862 + 0.002 GeV/c? and
a FWHM=0.017 GeV/c? with an error of 0.003 GeV/c?,
mainly due to the uncertainty in the background sub-
straction. In result the combined significance is obtained
as 5.80.

Preliminarily the =(1530)°7~ and Z(1530)°7F reso-
nances are searched to probe suggestions given in [23],
and only in the invariant mass spectrum of =(1530)°7~
a peak at 1.855 +£0.003 GeV/c? is observed.

V. SUMMARY

A strong evidence for existence of a narrow =~ 7~ res-
onance at 1.862 + 0.002 GeV/c? (T' < 18 MeV/c?) is
observed. The significance is estimated to be above 4.20.
This state is a candidate for the exotic =2~ baryon with
S=-2,1=3, and a quark content of (ddssu). Further , at
the same mass position a peak is observed in the 2=zt
spectrum, which is a candidate of a member of the isospin
2 quartet Z° with a quark content of (dsusd). The cor-
responding antibaryon spectra also show enhancements
at the same mass. There is a preliminary evidence for
existence of a narrow Z(1530)°7~ resonance at 1.855 =+
0.003 GeV/c2. There is no indication for a 2(1530)%7+
resonance.
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