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Abstract

Evidence for a narrow baryon state is found in quasi-real photoproduction on a deuterium target through the decay channel
ng — prTw~. A peak is observed in thek g invariant mass spectrum at 15282 6(stat)+ 2.1(syst) MeV. Depending
on the background model, the naive statistical significance of the peak is 4—6 standard deviations and its width may be
somewhat larger than the experimental resolution ef 4.3—-6.2 MeV. This state may be interpreted as the predistedt-1
exotic ©® T (uudds) pentaquark baryon. No signal for an hypotheti®af T baryon was observed in thek + invariant mass
distribution. The absence of such a signal indicates that an isoténsoexcluded and an isovectér is unlikely.
0 2004 Elsevier B.V. All rights reserved.

PACS: 12.39.Mk; 13.60.-r; 13.60.Rj; 14.20.-c
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One of the central mysteries of hadronic physics perimental search by means of electro-production was
has been the failure to observe baryon states beyondsuggested.
those whose quantum numbers can be explained in  Experimental evidence for an exotic baryon first
terms of three quark configurations. Exotic hadrons came recently [11] from the observation of a narrow
with manifestly more complex quark structures, in resonance at 1548 10(syst) MeV in theK — missing
particular, exotics consisting of five quarks, were mass spectrum for thgn — K+K~n reaction on
proposed on the basis of quark and bag models [1] in 12C. The decay mode corresponds toSa= +1
the early days of QCD. The hope has been that the resonance and signals an exotic pentaquark state with
discovery of such objects would provide new insights quark content udds). Confirmation came quickly
into the dynamics of quark interactions in the strong from a series of experiments, with the observation of
coupling regime. Although it was hypothesized [2] sharp peaks [12-16] in theK+ and pK? invariant
that pentaquark systems involving heavy quarks, e.g., mass spectra near 1540 MeV, in each case with a width
uudcs, offered the most promising prospects for limited by the experimental resolution. The failure
isolating such exotics, experimental searches carriedto observe a correspondir@™** peak in thepK™
out at FNAL [3] found no evidence for such states. invariant mass spectrum in some of these experiments
From quite a different point of view, it was noted [13,14] was taken to suggest that the state is an isospin
[4,5] that the Skyrme model predicts new exotic states singlet.
belonging to higher SU(3) representations. Using this  Alternative theoretical explanations have been pro-
model, Praszalowicz [6] provided the first estimate of posed recently to explain this new exotic state. In
the mass of the lightest exotic staté,~ 1530 MeV. one model, the® is described as an isotensor pen-
Subsequently, an exotic baryon of spip21 isospin taquark [17], so that the narrow width results from the
0, and strangenes$ = +1 was discussed as a fea- isospin-violating strong decay. A search for the decay
ture of the Chiral Quark Soliton model [5]. In this of the isospin partners such as 8+ (uuuds) can
approach [7,8] the baryons are rotational states of provide a strong test of this idea. In a second inter-
the soliton nucleon in spin and isospin space, and pretation, Karliner and Lipkin have developed a clus-
the lightest exotic baryon lies at the apex of an anti- ter model using a diquark—triquark configuration [18],
decuplet with spin 12, which correspondsto the third  in which the ©* is also a positive-parity isosinglet
rotational excitation in a three flavor system. Treating member of an anti-decuplet. Thirdly, using a model
the known N(1710) resonance as a member of the anti- based on the strong color-spin correlation force, Jaffe
decuplet, Diakonov, Petrov, and Polyakov [8] derived and Wilczek [19] propose that th@™ consists of two
a mass of 1530 MeV and a width of less than 15 MeV highly correlated:d pairs coupled to ak. In their pic-
for this exotic baryon, since named t#E". It corre- ture the positive-parity isosingléd ™ lies at the apex
sponds to audds configuration, and decays through of an nearly-ideally mixed SU(3)8; & 10; multiplet.
the channel®* — pK%ornK*. However, measure-  The narrowness of the 1530 MeV state is attributed to
ments ofK ™ scattering on proton and deuteron targets the relatively weak coupling of the kaon-nucleon con-
showed no evidence [9] for strange baryon resonances tinuum to the pentaquafkd]2s configuration.
and appear to limit the width to remarkably small val- The baryon states at the bottom two vertices of the
ues of order an MeV. Presumably, the difficulty of anti-decuplet must also be manifestly exotic. Strong
experiments with kaon beams so close to threshold evidence in support of the baryon decuplet comes from
severely limited the sensitivity to such narrow exci- the reported observation of an exafie= —2, 0 = -2
tations. In a recent review of this subject [10], an ex- baryon resonance in proton—proton collisiong/at=
17.2 GeV at the CERN SPS [20]. A narrow peak at
a mass of about 1862 MeV in thE ~x~ invariant

E-mail address: elke@hermes.le.desy.de (E.C. Aschenauer). Mass spectrum is proposed as a candidate for the
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predicted exoticZ; , baryon withS = -2, I = 3/2 protons under conditions as close as possible to those
and a quark content of/§dsu). At the same mass, of the present measurement. This was accomplished
a peak is observed that is a candidate for Hig, by means of a Monte Carlo simulation based on the

member of this isospin quartet. The corresponding PYTHIA6 generator discussed below. Events with the
anti-baryon spectra show enhancements at the sameelevant topology were used to determine these para-
invariant mass. This observed mass of 1862 MeV falls meters as a function of particle momentum. The data
between the predictions of Refs. [8] and [19], although from the simulation indicated that cross contamina-
closer to the latter. Also, the positive parity for tee" tions would be negligible if protons were restricted
predicted by these models contrasts with the negativeto a momentum range of 4-9 Gg¥and pions to a
parity suggested by the first lattice results [21,22]. The range of 1-15 GeYt, the kinematic restrictions sub-
general theoretical situation is still quite unsettled. sequently used in the analysis.

This Letter presents the results of a search forthe  The event selection included constraints on the
®7 in quasi-real photoproduction on deuterium. In event topology to maximize the yield of tth
addition to corroborating some features of the state peak in theM,+,- spectrum while minimizing its
measured previously, the data reported here provide background. However, no constraints were optimized
more restrictive information related to its mass and to increase the significance of the signal visible in the
isospin. The data were obtained by the HERMES final M ,,+,- spectrum, as such optimization would
experiment with the 27.6 GeV positron beam of the have produced a spectrum to which standard statistical
HERA storage ring at DESY. Stored beam currents tests do not apply. Based on the intrinsic tracking
ranged from 9 to 45 mA. An integrated luminosity of resolution, the required event topology included a
250 pb ! was collected on a longitudinally polarized minimum distance of approach between the two pion
deuterium gas target. The yields were summed over tracks less than 1 cm (the midpoint of which is defined
two spin orientations. as the K? decay vertex), a minimum distance of

The HERMES spectrometer [23] consists of two approach between the proton and reconstrudsfagd
identical halves located above and below the positron tracks less than 6 mm (the midpoint of which is
beam pipe, and has an angular acceptance f0 defined as the production vertex), a radial distance of
mrad horizontally, andt(40-140) mrad vertically.  the production vertex from the positron beam axis less
The trigger was formed by either a coincidence be- than 4 mm, az coordinate of the production vertex
tween scintillating hodoscopes, a preshower detector within the 20 cm long target cell 018 cm<
and a lead-glass calorimeter, or a coincidence betweenz < +18 cm along the beam direction, andlég
three scintillating hodoscopes and two tracking planes, decay length (separation of production am@ decay
requiring that at least one charged track appears in vertices) greater than 7 cm. To suppress contamination

each of the detector halves of the spectrometer. from the A(1116 hyperon, events were rejected
The analysis searched for inclusive photoproduc- where the invariant mas¥ .- fell within 20 of the
tion of the® followed by the decayp ™ — ng — nominal A mass, where = 2.6 MeV is the apparent

pntm~. Events selected contained at least three width of the A peak observed in this experiment.
tracks: two oppositely charged pions in coincidence  The resulting invariand,+,- spectrum is shown
with one proton. Identification of charged pions and in Fig. 1. The position of thé(g peak is within 1 MeV
protons was accomplished with a Ring-Imagigg- of the expected value of 497+ 0.03 MeV [25].
renkov (RICH) detector [24] which provides separa- To search for the® ™, events were selected with a
tion of pions, kaons and protons over most of the kine- M+, - invariant mass withirt2o about the centroid
matic acceptance of the spectrometer. The RICH iden- of the K? peak. The resulting spectrum of the invariant
tification efficiencies and cross contaminations had mass of thepr ™7~ system is displayed in Fig. 2.
been determined in a limited kinematic domain using A narrow peak is observed. There is no known
known particle species from identified resonance de- positively charged strangeness-containing baryon in
cays. However, because the RICH performance is sen-this mass region (other than th@™) that could
sitive to event topology, it was essential to determine account for the observed peak. Also, the, -
these efficiencies and contaminations for pions and spectrum corresponding to the sideband background
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%1 60 L 970 tM=1527 + 2.3(stat) MeV
= M, =496.8+0.2(stat) MeV| § 10=9.2 + 2(stat) MeV a)
%140 B 0=6.220.2(stat) MeV ;"\%60 ]
g &
5
= -
ﬁ § 50
=S|
40 | f
wl 1 + +
20 | :
10
0.4 0.45 0.5 0.55 0.6 r /A
M(n') [GeV] 70 IN=1528 £ 2.6(stat) MeV
0=8 + 2(stat) MeV b)
Fig. 1. Invariant mass distribution of two oppositely charged pions, 60 L
subject to the constraints in event topology discussed in the text.
A window corresponding te-2¢ is shown by the vertical lines. £
50
adjacent to thd(g peak in Fig. 1 was found to be 40 [
featureless. i
The non-resonant contribution to the spectrum 30 [
was estimated by means of a simulation using a
version of the RTHIA 6 code [26] tuned for HERMES 20 L
kinematics [27]. This event generator contains no
resonances in the mass range of Fig. 2(a) that decay 10 b
in theng channel. The resulting simulated spectrum
is shown in Fig. 2(a) as the gray hatched histogram. : ! ‘ . '
The statistical precision of the present study is limited 0 145 15 155 1.6 165 1.7
by the rare topology of the events selected. Trigger ..
inefficiencies were not included in the simulation, M(r'np) [GeV]

but are believed to be small. The simulated spectrum Fig. 2. Distribution in invariant mass of ther+ 7 — system subject
falls below the data at high invariant mass where to various constraints described in the text. The experimental data
X**+ resonances are known to exist [25]. Therefore, are represented by the filled circles with statistical error bars, while
if PYTHIAG is assumed to be capable of describing the fitted smooth curves result in the indicated position and
th h fth t tributi it b width of the peak of interest. In panel (a), ther1®1A6 Monte

e shape 0 e non'_resonan C(_)n rioution, It can b€ ¢ simulation is represented by the gray shaded histogram,
concluded that there is substantial resonant strengththe mixed-event model normalised to the' A6 simulation is
distributed over the high-mass portion of the spectrum. represented by the fine-binned histogram, and the fitted curve is
At the position of the observed peak in the data, described in the text. In panel (b), a fit to the data of a Gaussian
no corresponding structure appears in the simulated P'us a third-order polynomial is shown.
spectrum.

In order to determine the centroid, width and sig- strength in the spectrum is attributed to a combination
nificance of the peak observed in Fig. 2, three differ- of known broad resonances and a new structure near
ent models for the background were explored. For the 1.53 GeV. For the second model, it is assumed that
first model, the PTHIA 6 simulation is taken to repre-  the non-resonant background involves a large enough
sent the non-resonant background, and the remainingtypical multiplicity that the 4-momenta of thlég and
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Table 1

Mass values and experimental widths, with their statistical and systematic uncertainties, &t tiem the two fits, labelled by a and b,
shown in the corresponding panels of Fig. 2. Rowarad B are based on the same background models as rows a and b respectively, but a
different mass reconstruction expression that is expected to result in better resolution. Also shown are the number of events M thageak
the backgrounav,, both evaluated from the functions fitted to the mass distribution, and the results for the naive signmgém&[f” and
realistic significanceVs /8 Ns. The systematic uncertainties are common (correlated) between rows of the table

ot mass FWHM NZ NZ Naive Total Signif.
[MeV] [MeV] in £20 in +£20 signif. N =8 Ng
a 15270+ 23+21 22+5+2 74 145 6lo 78+ 18 430
a 15270+ 25+21 24+5+2 79 158 630 83+20 420
b 15280+ 26+21 19+5+2 56 144 470 59+ 16 370
o 15278+ 3.0+ 21 20+5+2 52 155 Po 54+ 16 340

proton are largely uncorrelated. In this case, this back- resolution improved by about 30%:
ground can be simulated by combining from different )
events a kaon and proton that satisfy the same kine- 5/ 2— ( M2 +p2 + M2+ p? )
matical requirements as the tracks taken from single ~ 7Xs P kg UKS
events in the main analysis. Since resonances are typi- _ ( 2 1

> ; . Py +Pgo)”s 1)
cally visible only as rare correlations between their de- 5
cay particles, their contributions will be relatively sup- - whereM . is taken from the PDG [25]. The third ap-
pressed in this method. Fig. 2(a) shows that this proce- proach is based on the hypothesis that all of the back-
dure yields a shape that is very similar to that from the ground strength in the observed spectrum (apart from
PYTHIAG6 simulation, within the available statistics. he narrow peak) can be described by a slowly vary-
By fitting a polynomial to the mixed-eventbackground  jng function that extends under the feature of interest.
normalized to the PTHIA6 simulation, and then fit- Hence, the spectrum was fit with a Gaussian plus a
ting this pc_;lynomial together with the amplitudes of polynomial. The appropriate degree of the polynomial
peaks for six knowrE** resonancesinthe massrange sed in the fit was determined by comparing results
shown in Fig. 2 (dotted curves), plus all parameters of ;sjng orthonormal Chebyshev polynomials of various
a narrow Gaussian (dashed curve) for the peak of in- degrees. The curve shown in Fig. 2(b) results from a

terest, a good description of the entire spectrum is ob- it \yith a third-order polynomial, and rows b antidf
tained. This procedure is intended to demonstrate thattapje 1 gives the numerical values from so fitting the

the background is consistent with known information. o spectra corresponding to rows a and a
The included =** resonances were assigned fixed  nore specifically, Table 1 compares the results
values of M = 1480 MeV with I" = 55 MeV (PDG  from the two fits for the centroid of the peak of inter-

status=*), M = 1560 MeV withI" = 47 MeV (*), est, its width and the statistical significance according
M = 1580 MeV with I" = 13 MeV (**), M = 1620 o two different prescriptions discussed below. The re-
and 1660 MeV with/” = 100 MeV (***), and M = sulting values for the centroid are found to be consis-
1670 MeV with I" = 60 MeV (****) [25]. Each in- tent, while the width and significance depend on the

trinsic Breit-Wigner width was taken as the midpoint  method chosen to describe the remaining strength of
of the range of listed measurements, and was then aughe spectrum. Table 1 also lists for both fits the num-
mented by an instrumental resolution of FWHM  per of events given by the fitted function for the peak
14.3 MeV added in quadrature. Since ti&" (1580 of interest (v2°) as well as for the background&/g),

has a width smaller than the instrumental resolution, i the invariant mass interval correspondingt@o .

it was taken to be Gaussian with= 8.9 MeV. The  The fyll arean, of the Gaussian fitted to the peak of
numerical results of the fit are given in row a of Ta- jnterest is also given with its uncertainty from the fit.
ble 1. In addition, row ashows the result of applying  Thjs area itself, together with the width, were chosen
the same method to a mass spectrum based on an exq pe explicit fit parameters to avoid the effect on the
pression that is expected to provide an instrumental yncertainty in the area of correlations between the am-
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)

plitude and the width or background parameters. All of %709 [ M, =1522.7+1.2(stat) MeV
these results are from unbinned maximum likelihood r
fits [28] to the original event distributions, as it was %600 -
found that the results of fitting the histograms shown & .
in Fig. 2 can be sensitive to the choice of bin size or =500 F
starting offset. :

Several alternative expressions for the significance 400
of the peak observed in Fig. 2 were considered. The 300

first expression is the naive estimatdi?®/,/N2°
used in Refs. [11-16]. The corresponding result is 200
listed in Table 1. Because this statistic neglects the

uncertainty in the background fit, it overestimates the 100 3

significance of the peak [29]. A second estimator 0 F s ! ! s

that was used in the analysis presented in Ref. [20], 145 15 155 1.6 165 17
N /./NZ + N, gives a somewhat lower value, M@PK’), M(pK") [GeV]

bu.t may S.“” underestlmate the .b.aCkgro_unq uncer- Fig. 3. Spectra of invariant mags .- (top) andM , -+ (bottom).
tainty. A third estimate of the significance is given by  a ciear peak is seen for the (1530 in the Mg K variant mass
N, /8Ny, where N; is now the full area of the peak distribution. However, no peak structure is seen for the hypothetical
from the fit ands N, is its fully correlated uncertainty. ~ ©** inthe M g+ invariant mass distribution near 1.53 GeV.
This ratio measures how far the peak is away from zero
in units of its own standard deviation. All correlated yncertainties of the DIANA and ITEP measurements
uncertainties from the fit, including those of the back- were taken to bet3 MeV in the absence of explicit
ground parameters, are accounted foMy. The re-  values quoted in the corresponding papers [12,15]. By
sults obtained with this expression are also given in fitting the data with a constant, a reducgd value
Table 1. of 12.41/6 is found, corresponding to a confidence
The systematic uncertainty of the mass of the state |evel of 0.053 as defined in the PDG [25]. The
observed in Fig. 2 is estimated to k2.1 MeV weighted average [25] of the masses observed in all
by adding in quadrature a contribution of 1 MeV experimentsis 1538+ 2.6 MeV, which is represented
to account for the effect of using different spectrum py the shaded band in Fig. 4. In evaluating this
analysis methods (cf. Table 1) plus a contribution of average mass value, the quadratic sum of the statistical
1.9 MeV from the precision with which the spec- and systematic uncertainties of all measurements are
trometer can reproduce known particle masses (cf. Ta- taken into account. The uncertainty of the average
ble 2). The 1.9 MeV contribution to the systematic un- was scaled by the usual factor of square root of the
certainty accounts for both the discrepancies from the reducedy?.
PDG [25] mass values and the statistical precision of  Since no realistic model for the photoproduction of
their fits. As an example, tha (1520 mass peak fit-  exotic baryons at this experiment’s energy is presently
ted with a Gaussian with free width convoluted with available, a “toy Monte Carlo” was produced to study
a Breit-Wigner form with its width fixed at the PDG  the constraints imposed on the decay products by only
value [25] is shown in thé/ k- spectrum of Fig. 3. kinematics and acceptance. It generates parent parti-
The event selection for the spectra in this figure is the cles with specified mass and width, at vertices distrib-
same as for the K9 analysis, except the reconstructed uted according to the HERMES target gas profile. The
K? track is replaced by that of the observed charged generated events were then passed to a full simula-
kaon, which is required to have a minimum momen- tion of the spectrometer that included the performance
tum of 3 GeV. of the RICH. The unknown kinematic distribution of
The mass values reported to date for he state the parent in transverse momentutn was taken to
by other experiments are compared to the presentbe Gaussian with a width of = 0.4 GeV, which is
results in Fig. 4, and listed in Table 3. The systematic typical of intrinsic transverse momentum of partons
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Table 2

Masses and widths of observed invariant mass peaks for four known particles, compared to the known masses [25] and the widths obtained
from a Monte Carlo simulation of the spectrometer. (The widths forZhg1321) are from mass-difference spectra.) Thél520 peak of

Fig. 3 was fitted with a Gaussian folded with a Breit—-Wigner form whbseidth was fixed at the PDG value (15.6 MeV). The uncertainties

in the resulting mass and Gausstawidth were inflated by the factay x 2/ Ngof- In the last row,Pem is the momentum of each decay product

in the rest frame of the decaying particle

KO- ntn~ A(1116 — pr— A(1520 — pK~ E7(132) - prw~
Observed mass [MeV] 4986+ 0.2 111570+ 0.01 15227+19 13215+0.3
PDG Mass [MeV] 49767 111568 15195+ 1.0 13213140.13
o width (data) [MeV] 6240.2 26+01 44437 31+03
o width (MC) [MeV] 5.4 21 35 25
Decay Pcm [MeV/c] 206 101 244 139A77)
§ sumptions can result in a factor of two change in the
% 7 |te 7 | x4 HERMES acceptance. The full widtl of the®*t was chosen to
2 6 | 6 | raacLase be 2 Me\/, according to the limit recently derived from
¢ areview ofK N phase shift analyses [9]. The effect of
5 | res 5 | % mEPOY such an intrinsic width is small compared to that of the

spectrometer resolution, which was found in this sim-
4 L ied 4 L s SAPHIR ulation to beo = 6.2 MeV in M,,;+,-, or 4.3 MeV
in M;Ko of Eq. (1). These values are assigned a sys-

3 e 3 ox OO tematicsuncertainty of-1 MeV, based on the level of

)l - 2 L s DIANA agreement betV\_/een observed a_md simulated widths of
four known particles, as shown in Table 2.

1 L +—e—t 1 L % SPring-8 The width of the peak of interest in Fig. 2, given
in Table 1, is somewhat larger than the instrumental

0 ! ! 0 : ! ! resolution derived from the simulation. An attempt

1520 1540 1560 0 20 40 60 was made to repeat the fits of Table 1 using for the

Mass value [MeV] FWHM [MeV] peak of interest a Breit—Wigner form convoluted with

a Gaussian whose width was fixed at the simulated
Fig. 4. Mass values and experimental FWHM widths observed in resolution! The resulting mass values are consistent
various experiments for the + state. The inner error bars represent with those given in Table 1. and the resulting values for

the statlstlc_al uncertainties, a_nt_i the outer error_ bars rep_res_ent the intrinsic width arg” = 12:|:9(stab:|:3(sysb MeV
the quadratic sum of the statistical and systematic uncertainties. .

(Some uncertainties for the widths are not available from the other !N CaS€ & of Table 1" = 20+ 8(stap + 3(SyS_D MeV
experiments.) The hatched area corresponds to the weighted averagdn case § I' = 8 &+ 8(sta) + 3(sys) MeV in case
of all data+-1 standard deviation. b, andI' = 13 4+ 9(stap + 3(sys) MeV in case h

The systematic uncertainties here correspond only to

or transverse momentum induced by the fragmenta- the 8o = +1 MeV uncertainty in the instrumental
tion process, and also corresponds to the root-mean-r€solution, which was discussed above.

square value of the transverse momentum distribution N view of the speculation that the observed reso-
of A(1116 andA hyperonsthat are observed at HER- nance is isotensor [17], the possibility that the "
MES. The simulated acceptance was found to be fairly Partneris presentinthi,,x+ spectrum was explored.
insensitive to this parameter. The longitudinal momen- Although Fig. 3 shows a clear peak for 1520 in
tum P, was assigned a monotonically falling distribu- e M,k invariant mass spectrum, there is no peak
tion similar to what has been observed fohyperons structure observed in thef , x+ invariant mass distri-

at HERMES. The acceptance for tp& * final state

is insensitive to this choice, but this is not the case for

the prt 7~ final state, where drastically different as- 1 The software tool RooVoigtian was used, for unbinned fitting.
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Table 3

Mass values and experimental widths for thé state as observed

in the various experiments. The present result is also listed.
In calculating the weighted average of the data, the systematic
uncertainties of DIANA and ITEP are taken to #8 MeV

Experiment o+ mass FWHM Ref.
(MeV) (MeV)

SPring8 1540 10+ 5 25 [11]

DIANA 1539 4+ 2 4 “few” 9 [12]

CLAS (d) 15424245 21 [13]

SAPHIR 1540+ 4+ 2 25 [14]

ITEP (v's) 1533+5 20 [15]

CLAS (p) 1555+ 1+ 10 26+7 [16]

HERMES 1528+t 26+ 2.1 19+5+2

World average 1538 + 2.6

bution. From a fit (curve in Fig. 3) of th&f , x+ dis-
tribution using a free polynomial plus a Gaussian with
the fixed location £5 MeV) from the fit in Fig. 2(b)
and a fixed width corresponding to the simulated peak
width of o = 4.5 MeV in this decay channel, the
Gaussian area for a hypotheti¢at = peak is found to

be —404 30 events. This result is robust against vary-
ing the order of the polynomial background. It corre-
sponds to an upper limit of zero counts at the 91%
confidence level.

The failure to observe @1 suggests that the
© is likely to be isoscalar. However, in the situation
more probable at lower beam energy thathées pro-
duced only via the exclusive reactipn+ p — © + K
without any other hadrons in the final state, the fol-
lowing limitations would apply to deductions about
its isospin. Under the assumption of isospin symme-
try, selection rules limit the transition amplitude for
forming a tenso® to a single reduced matrix element
for an isovector transition. In this case, production of
the @+ and the®™ are expected to have compara-
ble strength, and the failure to observe th&™ rules
out the I = 2 assignment. Production of an isovec-
tor ® would arise from a sum of three reduced am-
plitudes with unknown magnitudes and phases. With

221

be used to estimate some cross sections. Using the
assumptions about the initial kinematic distribution
described above and assuming that the decay an-
gle distribution is flat, these acceptances were esti-
mated to be 1.5% for botm (1520 — pK~ and
Ot — pk+,and0.05%fo®* — pKk 2. Taking the
branching fraction of th&* to pK? tobe(1/2)(1/2)

(to account for competition with both thek+ chan-

nel and Kg), the cross section for its photoproduc-
tion is found to range from about 100 to 220 nb
+25%(stat), depending on the model for the back-
ground and the functional form fitted to the peak. The
cross section for photoproduction of the(1520 is
found to be 62+ 11(stat) nb. Hence, the ratio of the
©T cross section to that for tha(1520 is found to

lie between 1.6 and 3.5. All of these estimates are sub-
ject to an additional factor of two uncertainty, to ac-
count for the assumptions about the kinematic distrib-
ution of the parents used in the simulation as explained
above, and neglected trigger inefficiencies.

In conclusion, evidence has been obtained in quasi-
real photoproduction on a deuterium target for a nar-
row baryon state in thq)Kg invariant mass spec-
trum at 1528t 2.6(stat)+ 2.1(syst) MeV. Depending
on the background model, the width of the observed
peak may be larger than the experimental resolution of
o = 4.3-6.2 MeV. Fitting the peak with a convolution
of a Breit-Wigner shape with a Gaussian represent-
ing the simulated instrumental resolution yields an ex-
tracted intrinsic width™ = 174 9(stat)t 3(syst) MeV
(the average of the results from casésaad B of
Table 1). The significance of the observed state ex-
pressed a®&/2° /. /N ranges from &0 to 6.30, and
expressed a&; /8§ N, ranges from 3o to 4.30, again
depending on the model for the background. This ob-
servation provides further evidence for the existence
of a narrow baryon state witf§| = 1 and a mass in
the region where such a feature was observed by ear-
lier experiments. Formally, the difference between the
value for the mass derived here and that from the other
experiments reduces the confidence level of the com-

only model-dependent values for these amplitudes, no bined fit to all mass data from 0.57 to 0.053, a value
precise statement can be made aboutthe relative yieldsstill typical for well-established particles [25]. There

of the®*T* and®*. However, because a nearly com-
plete cancellation is improbable, the failure to observe
the ® 1+ indicates that an isovecté? is unlikely.

Estimates of the spectrometer acceptance times ef-

ficiency from the toy Monte Carlo simulation can

is no identified~** state withS = —1 in the invariant
mass region between 1500 and 1550 MeV. Therefore,
the state observed here may be interpreted as the pre-

dicted exotic®* pentaquarks = +1 baryon. The ab-
sence of a corresponding signal in th& * invariant
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