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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
(®") at a mass of 1.54 Ge¥f. Baryons withS= +1 cannot be conventionghjqstates and the reports have
thus generated much theoretical speculation about the nature of pddsiblé baryons, including a 5-quark,
or pentaquark, interpretation. We show that narrow enhancements kn'theffective mass spectrum can be
generated as kinematic reflections resulting from the decay of mesons, sucH g4 #%), thea,(1320) and

the p3(1690).
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Several experiments have recently claimed evidence for a Figure 1 shows the kinematic boundaries of thfg, ver-
so-called® ", a positive strangeness baryon resonance witisusm2,, Dalitz plot for three different values of;, the en-
a very narrow widtl{1—4]. Baryons withS=+1 cannot be  grgy available to th&KN system, 2.1, 2.4 and 2.6 GeV. The
simpleqqqstates and indeed the failure to fiSe- +1 bary-  opserved value ofv is determined by the beam momentum,
ons in the 1960¢they were then calle@*'s) gave credence the Fermi momentum of the target and the cuts used to define
to the original quark model. QCD can accommod&e the data sample. For the data of Ri], the observed dis-
=+1 baryons as more complicated structures such as fiveribution in w rises from 2.1 GeV, peaks at 2.4 and falls to
quark states known gsentaquarks Indeed, the recent ex- zero near 2.6 GeV. The other experiments reporting@he

perimental claims have generated much theoretical interesfave similar ranges of energies available tokheN system.

and speculation about the nature of hé and the possibil-
ity of searching for other states that may be members of &
larger multiplet.

o
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Guided by the principle of parsimony and by the fact that —
earlier searches did not uncov®ér + 1 baryon resonances, §
we examine more conventional mechanisms that could ac §
count for narrow structures in meson-baryon effective mass —
combinations withS=+1. That is the focus of this paper. ~ ¥
We examine the effect of the constrained kinematics charac =
terizing the experiments reporting tle" and the possibility 2
that details of the decay angular distribution of known meson
resonances could account for enhancements in effectiv
mass, e.gK *n, distributions.

It is interesting to note that in an earlier seaféh for a
Z* in the reactionm p— K™~ Z* atincidentr~ momenta of
6 and 8 GeV¢ found enhancements in the missing mass
recoiling off of theK™ near 1.5 and 1.9 Ge¥f. The au-
thors explained the enhancements as being kinematic reflec
tions of thef,(1275), thea,(1320) and the3(1690). It was
also observed that the peak position of the enhancement
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changed with changing beam momentum supporting their
interpretation of the enhancements.
Three of the experimentsl—3] claiming the® " used
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incident photons scattering off qf [3], d [2] and 2C 1] FIG. 1. Boundaries of theZ, versusm2,, Dalitz plot for three
targets. Two of th(_ase experiments produced bremsstrahlungfrerent values ofv, the energy available to tH¢KN system, 2.1,
photons beams with electron energies of 2.47 and 3.1 GeY 4 and 2.6 GeV. For the data of RE2], the observed distribution

[2] and 2.8 Ge\[3] (the photon spectrum extends up to 95%in v rises from 2.1 GeV, peaks at 2.4 and falls to zero near 2.6 GeV.
of the electron energyand the other used Compton back- Horizontal lines denote the region spanned byfthanda, mesons
scattered photon beams starting with electron energies abowefined by their half-widths and the region of thestarting with its

1.5 GeV and less than 8 GeV. One of the experim@ais central mass less its half-width. The vertical line denotes the square
used a low energik* beam scattered off of Xe target. of the ® mass.
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TABLE |. Photoproduction cross sections for thg1275) and
a,(1320) resonances and the' K~ final state.

Reaction Beam energy Cross section Ref.
(GeV) (ub)
yp—Tf,p 2.3-2.6 1.30.37 [6]
yp—Tfop 2.6-3.25 0.390.13 [6]
vp—f,p 3.25-4.0 0.19-0.06 [6]
vp—f,p 4.0-6.3 0.%0.1 [6]
yp—a,n 4.2+0.5 1.14+0.43 [7]
yp—azn 5.25+0.55 0.85-0.43 [7]
yp—azn 7.5+0.7 0.43-0.43 [7]
yp—K*'K™p 2.8 1.0:0.1 [8]
yp—K*K™p 47 0.7#0.1 [8]

Horizontal lines denote the region spanned by fthanda,

mesons defined by their half-widths and the region ofihe
starting with its central mass less its half-width. The vertical
line denotes the square of ti&® mass. As the energetically

allowed area of the Dalitz plot grows from smallest to larges

the intersection of thé,, thena, and finally p; bands with
the boundary cluster about a valuerogy near the® mass. DHd

Because of the constrained kinematics, the projections dghe data of Ref[2] for yd—K™K™np. We assume that the
the Dalitz plot onto theny axis can be strongly influenced K K™ results from a coherent production of resonankes

by the decays oKK resonances. Consider the transforma-
tion from theKKN system in its center-of-mass to the helic-

ity frame of theKK system(center of mass of thEK with

the KK line-of-flight defining thez axis). In this frame the
decay angular distribution of th&K is described by by t-channel, Regge exchange amplitudes,
[YM(6,$)|?> where L=1 for the ¢(1020), L=2 for the
f,(1275) and the,(1320) and. =3 for thep;(1690). Sev-
eral of these mesons are known to have photoproductiofyhere
cross sections approaching the total cross sectiok faf ~

(see Table )l All of them have well established decays into
K"K~ with branching fractions of several percent making
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FIG. 2. Themyy mass distribution for a fixedn,cy mass of

2.6 GeVk?. The two-peaked curve assumeg=m(a,) with
|Y2i1 2 and the three-peaked curve assumagc=m(p3) —1T',/2
with | Y3 |2 for the decay angular distribution.

fer integrating overK KN energy—variations due to the
spread in beam momentum and Fermi motion—and the
K*K™ mass. To study these broadening effects, we focus on

=a,,f,,ps. In addition, as in Ref[2], we assume that the
reaction takes place off of the neutron with the proton in the
deuteron acting as a spectatom—Xn—K K ™n. At the
energies of Ref[2], ranging fromE,=1.51 GeV toE,
=2.96 GeV, meson production can be effectively described

A(yn—K* K™ n)=P(yn—Xn)D(X—K*K™), (1)

P(yn—K ™K n)=s*OR(t)|t—ty|"? 2)

plausible the argument that production and subsequent decé‘iﬂd

of these mesons can produce contributions to observed dis-

tributions of the same size as the obser@®t. As the spin

(L) of the mesons increases, the greater the alignment of the
decay products parallel to or anti-parallel to the line of flight

K“Yim(Qp)

D(X—K K™ )= —5 s .
(M — M) +imy (M)

()

of the meson—or alternatively—parallel or anti-parallel toa, photoproduction has been studied previod3ly®,10 and
the nucleon ). In fact, the distribution in the decay angles can be well described by & exchange corresponding to
correlates with th&KN mass distribution.

Experiments(e.g. Ref.[2]) have removed events with

mk<1.07 GeVE? to avoid the strongly-produceg(1020)

but not the higher mass and higher spin resonances.
Figure 2 shows thenyy distribution obtained from simply

assuming production of aa,(1320) with no-helicity-flip i.e.
with a decay angular distribution described [b¥s *( 6, #)|?

(two-peaked curve and the p3(1690) described by
[Y31(0,9)|? (three-peaked curyeFor the plot of this figure

the mass of th&«KN system was assumed to be 2.6 GeA// ! C
The plot illustrates how sharp peaks can be generated arfPin of the resonanck,is the resonance breakup momentum,
how themyy, distribution is reflected in the form of the decay k= \/m/4—m3, O, represents the helicity angles of tké

angular distribution.

a(t)=0.9(t—m2) GeV 2 and R(t)=expbt) with b
=10-30 GeV? with b=3 GeV? for low-
t(Jt|]<0.2 GeV?) and hight, respectivelyFor simplicity we
assume the same form of energy and momentum transfer
dependence for production of the other resonances. The he-
licity structure of the production amplitude is given by last
factor in Eq.(2), with n equal to the net helicity flip. For
nucleon-flip pion exchange, assuming Regge factorization,
we haven=1+|1—M| whereM is the helicity of the reso-
nance. In the decay amplitude of E®), L stands for the

and my and I'(m) are resonance’s mass and energy-

The enhancements shown in Fig. 2 will be broadened afdependent width, respectively. To compare with the data of
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FIG. 4. The calculatedsolid line myy distribution, as de-

FIG. 3. The calculatedsolid line) myy distribution, as de- ! ) i
scribed in the text, compared with the data frfn

scribed in the text, compared with the data froam

Ref.[2] we convolve the theoretical cross section calculated !t IS clear that a enhancement i close to the pur-
from amplitudes given above with the bremsstrahlung phoPCrted® ™ mass, due to peaks in theé"K™ angular distri-
ton spectrum and the neutron Fermi momentum distributioPUtion. remains after taking into account the cross section

in a deuteron. The photon-neutron invariant mass distributiof"d$ distributions. . . .
obtained this way was compared with thé K n distribu- We have shown that kinematic reflections due to meson

1 X X resonances could well account for the enhancement observed
?L\ﬁgg:gﬁgl(_;\a/\esr[;ﬁ].r;—gzmm\‘gslgﬁg;ua?;s:/g:?anblzztzlgk?jigyto'n the K™n +effecnve mass 'dlstr|but|on at the mass of the
the requirement thany > 1.07 GeV and is shown in Fig. 3 purported® *. Our explanation cannot explain an extre_mely

, ' ' 2 parrow peak but shows that a narrow enhancement is pos-

The theoretical spectrum depends @ompley resonance  gjpje This offers an alternative and nonexotic explanation of
strengths, in addition to a coheredandP wave production.  the data. We have limited our discussion to the CLAS data
These parameters are obtained from fittingrtiyg, distribu-  on possible pentaquark production since the reaction used in
tion from Ref.[2]. The low-angular momentum waves are CLAS involves the simplest kinematics. However, since all
expected due to residulK interactions which, for example, other experiments claiming pentaquark discoveries all in-
are responsible for thé,(980) meson. At higheik "K~ volve complicated final states analogous mechanism cannot
mass one expects contributions from f3é1370) and higher @ priori be ruled out. Further experimental studies will be
scalar resonances. Finally, the presence ofteave above required with higher statistics, varying the incident beam
the ¢(1020) has been established in other photoproductiofffomentum and establishing the spin and parity before claim-
experiments[12—14. The theoreticalk "K~ distribution N9 solid evidence for &=+1 baryon resonance.

fixed by themyy data is then compared with the experimen-  The authors acknowledge useful discussions with Curtis
tal K*K™ distribution from Ref[2] and is shown in Fig. 4. Meyer and Elton Smith. This work was supported in part by
The agreement is very good considering that Bheave is  the National Science Foundation and the U. S. Department of

constrained outside th¢(1020) region. Energy.
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