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The evidence for a pentaquark signal and kinematic reflections
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Several recent experiments have reported evidence for a narrow baryon resonance with positive strangeness
(Q1) at a mass of 1.54 GeV/c2. Baryons withS511 cannot be conventionalqqqstates and the reports have
thus generated much theoretical speculation about the nature of possibleS511 baryons, including a 5-quark,
or pentaquark, interpretation. We show that narrow enhancements in theK1n effective mass spectrum can be
generated as kinematic reflections resulting from the decay of mesons, such as thef 2(1275), thea2(1320) and
the r3(1690).
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Several experiments have recently claimed evidence f
so-calledQ1, a positive strangeness baryon resonance w
a very narrow width@1–4#. Baryons withS511 cannot be
simpleqqqstates and indeed the failure to findS511 bary-
ons in the 1960s~they were then calledZ* ’s! gave credence
to the original quark model. QCD can accommodateS
511 baryons as more complicated structures such as
quark states known aspentaquarks. Indeed, the recent ex
perimental claims have generated much theoretical inte
and speculation about the nature of theQ1 and the possibil-
ity of searching for other states that may be members o
larger multiplet.

Guided by the principle of parsimony and by the fact th
earlier searches did not uncoverS511 baryon resonances
we examine more conventional mechanisms that could
count for narrow structures in meson-baryon effective m
combinations withS511. That is the focus of this pape
We examine the effect of the constrained kinematics cha
terizing the experiments reporting theQ1 and the possibility
that details of the decay angular distribution of known mes
resonances could account for enhancements in effec
mass, e.g.K1n, distributions.

It is interesting to note that in an earlier search@5# for a
Z* in the reactionp2p→K2Z* at incidentp2 momenta of
6 and 8 GeV/c found enhancements in the missing ma
recoiling off of theK2 near 1.5 and 1.9 GeV/c2. The au-
thors explained the enhancements as being kinematic re
tions of thef 2(1275), thea2(1320) and ther3(1690). It was
also observed that the peak position of the enhancem
changed with changing beam momentum supporting t
interpretation of the enhancements.

Three of the experiments@1–3# claiming theQ1 used
incident photons scattering off ofp @3#, d @2# and 12C @1#
targets. Two of these experiments produced bremsstrah
photons beams with electron energies of 2.47 and 3.1 G
@2# and 2.8 GeV@3# ~the photon spectrum extends up to 95
of the electron energy! and the other used Compton bac
scattered photon beams starting with electron energies a
1.5 GeV and less than 8 GeV. One of the experiments@4#
used a low energyK1 beam scattered off of aXe target.
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Figure 1 shows the kinematic boundaries of themKK
2 ver-

susmKN
2 Dalitz plot for three different values ofw, the en-

ergy available to theKK̄N system, 2.1, 2.4 and 2.6 GeV. Th
observed value ofw is determined by the beam momentum
the Fermi momentum of the target and the cuts used to de
the data sample. For the data of Ref.@2#, the observed dis-
tribution in w rises from 2.1 GeV, peaks at 2.4 and falls
zero near 2.6 GeV. The other experiments reporting theQ1

have similar ranges of energies available to theKK̄N system.

FIG. 1. Boundaries of themKK
2 versusmKN

2 Dalitz plot for three

different values ofw, the energy available to theKK̄N system, 2.1,
2.4 and 2.6 GeV. For the data of Ref.@2#, the observed distribution
in w rises from 2.1 GeV, peaks at 2.4 and falls to zero near 2.6 G
Horizontal lines denote the region spanned by thef 2 anda2 mesons
defined by their half-widths and the region of ther3 starting with its
central mass less its half-width. The vertical line denotes the sq
of the Q mass.
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Horizontal lines denote the region spanned by thef 2 anda2
mesons defined by their half-widths and the region of ther3
starting with its central mass less its half-width. The verti
line denotes the square of theQ mass. As the energeticall
allowed area of the Dalitz plot grows from smallest to larg
the intersection of thef 2, thena2 and finallyr3 bands with
the boundary cluster about a value ofmKN near theQ mass.

Because of the constrained kinematics, the projection
the Dalitz plot onto themKN axis can be strongly influence
by the decays ofKK̄ resonances. Consider the transform
tion from theKK̄N system in its center-of-mass to the heli
ity frame of theKK̄ system~center of mass of theKK̄ with
the KK̄ line-of-flight defining thez axis!. In this frame the
decay angular distribution of theKK̄ is described by
uYL

M(u,f)u2 where L51 for the f(1020), L52 for the
f 2(1275) and thea2(1320) andL53 for ther3(1690). Sev-
eral of these mesons are known to have photoproduc
cross sections approaching the total cross section forK1K2

~see Table I!. All of them have well established decays in
K1K2 with branching fractions of several percent maki
plausible the argument that production and subsequent d
of these mesons can produce contributions to observed
tributions of the same size as the observedQ1. As the spin
~L! of the mesons increases, the greater the alignment o
decay products parallel to or anti-parallel to the line of flig
of the meson—or alternatively—parallel or anti-parallel
the nucleon (N). In fact, the distribution in the decay angle
correlates with theKN mass distribution.

Experiments~e.g. Ref. @2#! have removed events wit
mKK̄,1.07 GeV/c2 to avoid the strongly-producedf(1020)
but not the higher mass and higher spin resonances.

Figure 2 shows themKN distribution obtained from simply
assuming production of ana2(1320) with no-helicity-flip i.e.
with a decay angular distribution described byuY2

61(u,f)u2

~two-peaked curve! and the r3(1690) described by
uY3

61(u,f)u2 ~three-peaked curve!. For the plot of this figure

the mass of theKK̄N system was assumed to be 2.6 GeV/c2.
The plot illustrates how sharp peaks can be generated
how themKN distribution is reflected in the form of the deca
angular distribution.

The enhancements shown in Fig. 2 will be broadened

TABLE I. Photoproduction cross sections for thef 2(1275) and
a2(1320) resonances and theK1K2 final state.

Reaction Beam energy Cross section Ref
~GeV! (mb)

gp→ f 2p 2.3–2.6 1.360.37 @6#

gp→ f 2p 2.6–3.25 0.3960.13 @6#

gp→ f 2p 3.25–4.0 0.1960.06 @6#

gp→ f 2p 4.0–6.3 0.160.1 @6#

gp→a2
1n 4.260.5 1.1460.43 @7#

gp→a2
1n 5.2560.55 0.8560.43 @7#

gp→a2
1n 7.560.7 0.4360.43 @7#

gp→K1K2p 2.8 1.060.1 @8#

gp→K1K2p 4.7 0.760.1 @8#
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ter integrating overKK̄N energy—variations due to th
spread in beam momentum and Fermi motion—and
K1K2 mass. To study these broadening effects, we focus
the data of Ref.@2# for gd→K1K2np. We assume that the
K1K2 results from a coherent production of resonancesX
5a2 , f 2 ,r3. In addition, as in Ref.@2#, we assume that the
reaction takes place off of the neutron with the proton in
deuteron acting as a spectator,gn→Xn→K1K2n. At the
energies of Ref.@2#, ranging from Eg51.51 GeV to Eg
52.96 GeV, meson production can be effectively describ
by t-channel, Regge exchange amplitudes,

A~gn→K1K2n!5P~gn→Xn!D~X→K1K2!, ~1!

where

P~gn→K1K2n!5sa(t)R~ t !ut2tminun/2 ~2!

and

D~X→K1K2!5
kLYLM~VH!

~mKK
2 2mX

2 !1 imXG~mKK!
. ~3!

a2 photoproduction has been studied previously@7,9,10# and
can be well described by ap exchange corresponding t
a(t)50.9(t2mp

2 ) GeV22 and R(t)5exp(bt) with b
510–30 GeV22 with b53 GeV22 for low-
t(utu,0.2 GeV2) and high-t, respectively. For simplicity we
assume the same form of energy and momentum tran
dependence for production of the other resonances. The
licity structure of the production amplitude is given by la
factor in Eq. ~2!, with n equal to the net helicity flip. For
nucleon-flip pion exchange, assuming Regge factorizat
we haven511u12M u whereM is the helicity of the reso-
nance. In the decay amplitude of Eq.~3!, L stands for the
spin of the resonance,k is the resonance breakup momentu

k5AmX
2/42mK

2 , VH represents the helicity angles of theK1

and mX and G(m) are resonance’s mass and energ
dependent width, respectively. To compare with the data

FIG. 2. ThemKN mass distribution for a fixedmKKN mass of
2.6 GeV/c2. The two-peaked curve assumesmKK5m(a2) with
uY2

61u2 and the three-peaked curve assumesmKK5m(r3)2Gr/2
with uY3

61u2 for the decay angular distribution.
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Ref. @2# we convolve the theoretical cross section calcula
from amplitudes given above with the bremsstrahlung p
ton spectrum and the neutron Fermi momentum distribu
in a deuteron. The photon-neutron invariant mass distribu
obtained this way was compared with theK1K2n distribu-
tion from CLAS @11#. ThemKN spectrum is then obtained b
integrating over all remaining kinematic variables subject
the requirement thatmKK.1.07 GeV and is shown in Fig. 3
The theoretical spectrum depends on~complex! resonance
strengths, in addition to a coherentSandP wave production.
These parameters are obtained from fitting themKN distribu-
tion from Ref. @2#. The low-angular momentum waves a
expected due to residualKK̄ interactions which, for example
are responsible for thef 0(980) meson. At higherK1K2

mass one expects contributions from thef 0(1370) and higher
scalar resonances. Finally, the presence of theP-wave above
the f(1020) has been established in other photoproduc
experiments@12–14#. The theoreticalK1K2 distribution
fixed by themKN data is then compared with the experime
tal K1K2 distribution from Ref.@2# and is shown in Fig. 4.
The agreement is very good considering that theP-wave is
constrained outside thef(1020) region.

FIG. 3. The calculated~solid line! mKN distribution, as de-
scribed in the text, compared with the data from@2#.
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It is clear that a enhancement atmKN close to the pur-
portedQ1 mass, due to peaks in theK1K2 angular distri-
bution, remains after taking into account the cross sect
ands distributions.

We have shown that kinematic reflections due to mes
resonances could well account for the enhancement obse
in the K1n effective mass distribution at the mass of th
purportedQ1. Our explanation cannot explain an extreme
narrow peak but shows that a narrow enhancement is p
sible. This offers an alternative and nonexotic explanation
the data. We have limited our discussion to the CLAS da
on possible pentaquark production since the reaction use
CLAS involves the simplest kinematics. However, since
other experiments claiming pentaquark discoveries all
volve complicated final states analogous mechanism can
a priori be ruled out. Further experimental studies will b
required with higher statistics, varying the incident bea
momentum and establishing the spin and parity before cla
ing solid evidence for aS511 baryon resonance.

The authors acknowledge useful discussions with Cu
Meyer and Elton Smith. This work was supported in part
the National Science Foundation and the U. S. Departmen
Energy.

FIG. 4. The calculated~solid line! mKK distribution, as de-
scribed in the text, compared with the data from@2#.
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