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Abstract

Studying scattering of heavy avor hadrons and looking for bound states
is shown to give experimental information otherwise unobtanable about ef-
fective two-body interactions between constituent (Qgs and (qgg pairs re-
spectively in color sextet and color octet states. All the swecesses of the
constituent quark model in (uds) hadron spectroscopy are shown to depend
only on e ective two-body interactions in color 3 and singlet states.

New directions for bound pentaquark searches are discusséallowing the
availability of vertex detectors which can pinpoint events where a proton is
emitted from a secondary vertex. Any such event indicates a prticle decaying
weakly by proton emission and the discovery of a new particlef its mass
is higher than that of known charmed baryons. There is no commatorial
background and striking decay signatures likep are no longer needed.

The beauty pentaquark (bsuud) and the doubly-strange pentaquark
(cssud) may be relevant to future searches. A simple calculation sbws that
the e ects of avor-SU(3) breaking on their binding relativ e to the relevant
thresholds are similar to that for the singly-strange pentequark (csuud) rela-
tive to the Dgp threshold.

I. INTRODUCTION

It is now ten years since the proposal of the existence of themaquark [1] and sug-
gestions for its search via thep decay mode [[2{B]. Despite subsequent experimental
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progress and analysis of models for pentaquark structureechy and signatures[]9] there is
today still no convincing experimental evidence for the esience of the pentaquark nor of
any other exotic hadron which cannot be described in a constent quark model as a §
or qgstate [IP[IL]. Not a single theoretical prediction for the oitiquark sector has been
con rmed by experiment [$[IP].

Why should anyone look for an anticharmed strange baryon? Wtshould it be bound?
Who cares whether it is bound? In trying to understand how QCDmakes hadrons out
of quarks and gluons, we note that long-standing regularés and paradoxes in simple ex-
perimental hadron physics still remain to be explained by QB. Today the simple Levin-
Frankfurt additive quark model prediction [IB[I}] still ts experimental data up to 310

Gev/c [[L8] with a discrepancy always less than 7% for the prietion
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There seems to be underlying dynamics describing the medoaryon di erence primarily in
terms of the number of constituent quarks. The pion is still B of a proton even though
some theorists say that the pion is a Goldstone boson and theogpon is a skyrmion. Further
evidence that mesons and baryons are made of the same quagkgiven by the remarkable
successes of the constituent quark model, in which static gperties and low lying excita-
tions of both mesons and baryons are described as simple casifes of asymptotically free
quasiparticles having an e ective mass with exactly the saenvalue for predicting hadron
masses, magnetic moments and hyper ne splittings.

The mass di erence between strange and nonstrange quankg m, is found to have
the same value 3% when calculated in two independent ways from baryon massand in

two independent ways from meson massgs][L74{19],
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The same approach applied to the mass di erence betweérand c quarksm, m. gives
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The ratio r’;‘— has the same value 2:5% for mesons and baryons.
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We also note three predictions of hadron magnetic momentstvino free parameters[[30,21]
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As long as QCD calculations have not yet succeeded to expldhese striking experimental
facts, it is of interest to search for new experimental input

Additional input is obtainable from investigations of two driking features of the hadron
spectrum: (1) the absence of strongly bound multiquark exmmt states like a dipion with a
mass less than two pion masses or a dibaryon bound by 100 Me®) the structure of nuclei
as composed of three-quark clusters called nucleons rathban a quark gas, quark bags,
a quark shell model[[32,23] or a quark-gluon plasma. The cdifigent quark model gives a
very simple answer[[24]. But the validity of this simple piatire still remains to be con rmed
by experiment.

All the successes of the constituent quark model with a twoealy color-exchange inter-
action [25[2018,719] and all of hadron spectroscopy withtoexotics including scattering still
give information only about the (g, interaction in the color singlet state and the 03

interaction in the color antitriplet state and no information about short-range qde or (q9s



interactions in color sextet or color octet states. The twdrody color-exchange color-electric
interaction commonly used saturates[[25] and gives no foscdetween two color singlet
hadrons. The two-body color-exchange color-magnetic imgetion is always repulsive be-
tween two quarks of the same avor. Thus baryon-nucleon sdating in the (u,d,s) sector is
dominated by a short-range repulsion (the well-known repsilve core in the nucleon-nucleon
interaction). Meson-hadron scattering in the (uds) sectomust have either a quark or an
antiquark in the meson with the same avor as one of the quarks the other hadron.
Two quarks of the same avor have a repulsive color-magnetinteraction keeping the two
hadrons apart. Agqpair of the same avor can annihilate and produce a hadron resance.
Thus hadron-hadron scattering in the (u,d,s) sector is domated either by qqrepulsion or
by resonances produced bggannihilation.

Only when there are more than three avors is it possible to ha realistic scattering
experiments (unrealistic cases lik& and N are excluded) in which there is no common
avor between beam and target and the g or (qQsg interactions can be observed.

The possible existence of exotic hadrons remains a principguestion in hadron spec-
troscopy and the understanding of how the binding of quarksna gluons into hadrons is
described by QCD [IR]. The rst exotic hadron search was fohe H dibaryon [2§]. Ja e's
original calculation and subsequent worK[27] indicate a gain hyper ne interaction energy
by recoupling color and spins in the six quark system over thevo- system. But a lattice
gauge calculation[[28] indicated théd to be unbound and well above the threshold. The
lattice calculation showed a repulsive - interaction generated by quark exchange[][/,29]
which is not included in simple model calculations and couldell prevent the six quarks
from coming close enough together to feel the additional limg of the short range hyper ne
interaction.

Such a repulsive exchange force can not be present in pentarks, which were shown
to have a hyper ne binding roughly equal to that of theH, but with no possible quark
exchange force in the lowest decay channBkN [[f]. The simplest lattice calculation with

an in nitely heavy charmed antiquark and four light quarks uuds, can easily be done in
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parallel with the more complicated H calculation both in thesymmetry limit where all light
guarks have the same mass and witBU(3) symmetry breaking. Comparing the results
for these cases may provide considerable insight into our derstanding of the physics of
QCD in multiquark systems even if the pentaquark is not founds a physical bound state
in experiment. There is therefore interest both in experimeal searches for the pentaquark
and in lattice gauge calculations. However, so far no suchttiae calculation has been done
or is planned.

The color-magnetic interaction can also give a moleculayte wave function extending
over a distance large compared with the range of the hyper nmteraction. Such models
have been proposed for the, and f, mesons[[30,31]. A rough estimate of the bindin§ J31].
indicates that if the a, and f, are really barely boundK K molecular states [30,31] théd
and Pentaquark should be more strongly bound][5] and be exesit candidates for weakly

bound molecular states.

Il. HOW GOOD VERTEX DETECTORS CHANGE SIGNATURE

REQUIREMENTS
A. Only background is wrongly-measured events

Without vertex detectors a pentaguark decay signal appearagainst a large combina-
torial background. Peaks in a mass spectrum can arise fromasistical uctuations in the
background. Standard statistical considerations are thefore needed to analyze data.

With good vertex detectors which can distinguish between p#cles originating from
primary and secondary vertices, every event in which a decgyoton is observed coming
from a secondary vertex is evidence for a particle which dgsaweakly by proton emission.
If its mass is not consistent with the mass of a known weakly daying baryon, the event
is either evidence for a new as yet unknown particle or it is arang event incorrectly

measured. It cannot be a statistical uctuation of known phwics if measured correctly. Thus



an experiment which can clearly distinguish a proton cominge nitely from a secondary
vertex should be considered as an open search for new weakbgaying baryons and not
simply as a pentaquark search. One might even nd new physidseyond the standard
model. This more general framework should be used both in plang experiments and
in analyzing data from ongoing experiments, rather than candering only the pentaquark.
This point has not been noted in previous articles on pentaguk searches[]9,32]

Once data are obtained and events remain which pass all cutglicating that they have
a proton emitted from a secondary vertex, the main questiors inot whether this is su cient
evidence for the pentaquark. It is rather whether these evenare real and indicate evidence
for a new weakly decaying baryon, or whether they are somehaveorrectly measured. One

must investigate all possibilities of incorrect measureme

B. The Beauty Pentaquark Posuud

The same considerations apply to baryons containing quarks, where every event in
which a decay proton is observed coming from a secondary ettmay also indicate the
presence of a new particle. The calculations indicating thahe charmed pentaquark may
be bound apply also for analogous states with heavier antigtks; e.g. the beauty pentaquark
Pusuug Which are equally attractive candidates for bound exoticsMany such calculations
can be used directly for the beauty pentaquark by simply repting the c everywhere byb.
The lowest threshold here ipBs and many of the same analyses of theDs system used for
the charmed pentaquark can also be taken over directly herecluding the molecular model
in which an o -shell B is bound to a proton. There is, however one essential new iegiient;
namely the existence of two dominant decay modes for thequark; namelyb! cud and
b! ccs. The second can give rise to striking signatures in which agon and a charmonium
are emitted from the same secondary vertex; e.®,uqa! P - Note that in this decay the

mass of the  system is below theBg mass and cannot arise fronBs decay.



C. Tests to distinguish wrongly-measured events

The mass spectrum o ers interesting clues. An anticharmedrange baryon with a mass
above theDs p threshold will decay strongly toDs p in a primary vertex and not be
observed at the secondary vertex. Thus all events in which @=ondary proton is observed
but which have a mass above th®s p threshold must be considered as wrong events or
really exotic new physics. The presence of such events whiass all cuts would probably
indicate an unknown systematic error that introduces spuous events without secondary
vertex protons,

A real new weakly-decaying baryon should not only produce apk in the mass spectrum
at the particle mass, but also a tail below the peak correspdimg to decays in which one
or more neutral particles have escaped detection. Since angakly-interacting particle also
has semileptonic decays in the standard model, events in thail containing a muon or
electron should be be expected. These are particularly sigrant since they con rm the
identi cation of a weakly decaying particle.

The original suggestion directing the search to particuladecay modes likep arose
from the necessity to nd a signal against a large statistidacombinatorial background. The
strategy can be quite di erent when the only background is wongly measured events. One
might rst try an extremely stringent cut on the proton to ensure that it really is a proton
that comes from a secondary vertex. This would include eventvith all possible numbers of
prongs. One can then separate these into events with even amdld numbers of prongs, which
correspond respectively to decays of neutral and chargedrfeles. A charged pentaquark
with the structure of a D4 bound to a neutron rather than a proton would be more apt to
decay to a nal state containing a neutron rather than a protm, unless the nal state baryon
isa °orN °decaying top . This immediately suggests looking fop  resonances in
all odd prong events.

The quasi-two-body events now become of interest. Thg decay mode, for example

would be an impossible signature without vertex detectors.But once the proton which



de nitely comes from a secondary vertex is selected, the wupie energies of the particles
provide a striking signal for the new patrticle. Even if the e ciency for selecting a secondary
proton is only 5%; i.e. only one out of every 20 events is realh secondary proton, the

selection of a proton with an energy near the value for p = decay would enhance this
signal/noise ratio by a considerable factor. One would alsexpect the background from

single pions apparently from the same vertex and having théght energy to be much smaller

than the normal combinatorial background from multipartide events.

If at this stage the background of presumably wrongly-meased events is still too large,
the next step is to introduce cuts which hopefully eliminatevrong events without excessively
reducing good events. The e ectiveness of a cut can be estit@é by examining the ratio of
the events above theDs p threshold to those below the threshold.

If cuts nally eliminate all events above the Dy p threshold and others below the
threshold remain, the question arises what they might be. Ihey are all concentrated in
the same mass bin, they might be considered as evidence forewnparticle. If they are
scattered over the mass spectrum, they must be due to someteysatic error which has
not been eliminated by cuts. There are also possibilities af proton from the decay of a
known charmed baryon combined with other particles from a dirent vertex. There can
also be events from the same new particle with a lower mass hase of a decay mode with
an unobserved photon or °, or a semileptonic decay with an unobserved neutrino and a
muon misidenti ed as a pion.

A real puzzle arises if several events in a single mass bin ateserved and several other
events with masses de nitely di erent but too close to the oher mass to be due to the same
particle with a missing °. If the events are not real correctly measured events, the gstion
arises why they only are found in a very small mass range. Ifél are all real, they indicate
too many new particles, or some new multiplet not anticipate by theorists.

The ultimate conclusion if a small number of events are founghich are not yet su cient
evidence for a new particle, but cannot be easily dismissed due to known systematics, is

that more data are needed[J10].



D. Lifetime Considerations

It is not obvious how the lifetime of the pentaquark may di er from the Dg lifetime.
An o -shell Ds bound to a proton would have a longer lifetime because the tmaition
matrix elements would be essentially the same, but phase sgawould be smaller. A more
complicated wave function can have factors working in bothiections. There can be color
factors inhibiting decay into a color-singlet baryon and seral mesons. There can be new
channels opening that can enhance the decay rate.

However, if the lifetime of the Pentaquark is longer than thof a charmed meson,
another search criterion is opened. One can consider onlyeats which have a delay greater
than severalDg lifetimes. If, for example, the lifetime of the pentaquarks longer than the
D, lifetime by a factor of 2, the choice of a minimum delay whicheduces the Pentaquark

signal by a factor of 10 will reduce background by a factor of0D.

I1l. THE DOUBLY-STRANGE AND BEAUTY PENTAQUARKS

The doubly strangeP.ssuq IS degenerate with the singly strang@.s,uq in the SU(3) avor
symmetry limit and the two states have equal binding energgerelative to the relevant Dg
and NDg thresholds. The e ects of SU(3) symmetry breaking have beenvestigated in
detail for the Psuuq in the limit where the charmed quark has in nite mass and its fiper ne
interaction energy is neglected. This limit should be an ewebetter approximation for the
beauty quark. We therefore treat both pentaquarks on the saenfooting in the remainder of
this paper and use the notationPqg,,q and Pngq for both, where Q denotes either ac or
b quark. We now generalize the treatment of SU(3) breaking irhts limit to apply to both
singly and doubly strange pentaquarks and show that all stas have very similar properties
and that all may well be bound.

The stability against breakup of an exotic multiquark systen has been examined by

checking whether hyper ne energy can be gained by recougjirthe color and spins of the



lowest lying two-hadron threshold [3B]. A variational appoach has been used with a wave
function in which the two-body density matrix is the same forall pairs as in a baryon, and
the experimental N mass splitting is used to determine the strength of the hype ne
interaction energy [3B].

In our approximation we disregard the heavy antiquark and & small hyper ne interaction
and consider only the classi cation of the state of the fourwparks coupled to spin zero and a
color triplet. These four quarks in all pentaquark states awsidered here contain one quark
pair or \diquark" with the same avor and one pair with a dier ent avor. We use the
notation d%lE and deE to denote these quark pair or diquark states with spirs classi ed
in the symmetric 21 and the antisymmetric 15 dimensional repsentations of the color-spin
SU(6). The Pauli principle requires the quark pair of the sae avor to be coupled to
the antisymmetric 15. We now de ne the classi cation of the &tes under consideration
in a conventional notationjDg; D3; S; Ni [B4[3p] whereDg and D3 denote the dimensions
of the color-spinSU(6) and color SU(3) representations in which the multiquarkstates are

classi ed, S and N denote the total spin and the number of quarks in the system amprimes

distinguish between di erent representations with the sam dimension.

iNi = j70,1;1=2; 3i (W W 6a)
j i =j201;3=2;3i (W W 6h)
j i =j701;1=2;3i (W W 6c)
jHi = j490 1;0;6i (W W 6d)
dglE = j21,3;0;2i (W W 6e)
dglE = j21,6;1;2i (WW6f)
d25E = j21;6;0;2i (W W 6g)
d}SE = j21,3 ;1 2i (W W 6h)
PquudE = j2103;0; 4i (WW6i)
PgsuudE = j10%* 3; 0; 4i (WW6j)
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The pentaquarkPqg,,q4 is classi ed in the 210 ofSU(6) to optimize the hyper ne interaction.
We also de ne the statePJ 4 in the 105 of SU(6). It is convenient also to de ne the state
jd%; d3,i of two spin-zero diquarks with one diquark classi ed in theysnmetric 21 and the
other in the antisymmetric 15 dimensional representationfahe color-spin SU(6) and the
analogous statedi; d};i of two spin-one diquarks. These two states are orthogonahéar
combinations of the two state§21Q 3;0;4i and j10% 3;0; 4i.

We use the simpli ed form of the color-spin hyper ne interation [Eg] commonly applied

to systems containing only quarks and no active antiquarks:
V= (v2)[Cs C;3; (83)S(S+1) 16N] (WW7)

wherev is a parameter de ning the strength of the interaction,Cs and C; denote the eigen-
values of the Casimir operators of th&U(6) color-spin andSU(3) color groups respectively,
Thia interaction (WW?7) is easily evaluated for the states (WV6) by substituting the eigen-
values of the Casimir operators[[3#,B5]:

Cs(70) =66 (WW8a)

Ce(20) =42 (WW8h)

Cs(490) = 144 (W W8)
Cs(210) = (304=3) (W W 8d)
Cs(105) = (208=3) (WW8e)

Cs(21) =(160=3) (WWSEF)

Cs(15) = (112=3) (WW8g)

Cs(4) =(16=3) (W W 9a)

C3(6) = (40=3) (WW9b)

Cs(8) =12: (WW9c)

We therefore obtain

VIN)= V()= V(d)) = 8v (WW 108a)
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V() =8 v (WW 1)

V(H) = 24 (WW10c)
V(dd) =+4v (W W 10d)
V(di) =+(8 =3)v (WW 10e)
V(dy) = (4=3)v (WW10F)
V(Poswa) = 16v (WW10g)
V(Pdsua) =0 (W W 10h)
V(s dd) = 4v (WW10)

where we have noted that the hyper ne interaction vanishesdiween quarks in a spin-zero

diquark and quarks outside the diquark. Thus we can write

V (dds; d3;) = jhdds); d3,j21Q 3, 0; 4ij 2V (Pgs) + jhds); d3; j105) 3 0; 4ij 2V(PQ05) = 4
(WW11)
Substituting egs. (WW10g) and (WW10h) then gives the resultlready noted in ref. [p].

jhdd; d9, 210 3;0; 4ij 2 = jhdls; db, j105% 3;0;4ij2 = 1=4 (W W 12a)
jhls; d,j210 3;0;4ij 2 = jhdds; d3, j105% 3;0;4ij2 = 3=4 (WW12h)
The gain in hyper ne interaction for the P.s,uq Over the NDs or D threshold (degenerate

in this symmetry limit) was shown to be equal to the gain for tie H over the relevant

threshold and just half the N mass splitting.

M() M(N) =V() V(N)=16v (WW13)

B(H)

V(H) 2v()= 8= (1=2)[M() M(N)] (WW13y
B (Pesuud) = V(Peswua) V() = 8v=(1=2)[M() M (N)[(WW1Z)
where B(X) denotes the di erence in hyper ne energy betweethe state X and the relevant

threshold. Thus the P.s,,q appeared to be an equally attractive candidate for hyper ne

binding as the H dibaryon [B].
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The introduction of SU(3) symmetry breaking has been showrotreduce the binding of
the H [21], and the strangePcsuuq [@]. A similar e ect occurs for the doubly-strangeP gsgq-
This is easily seen by noting that hyper ne binding energy oboth the Pqg,,4 and the H
is reduced by reducing the color-magnetic interaction of thstrange quark. However the
strange quark plays no role in the magnetic interactions ohe D,NDsand Dg nal
states and their hyper ne binding energies are una ected byU(3) symmetry breaking.

It is convenient to write the brokenSU(3) hyper ne interaction in the form for a four
quark state in which two quarks of the same avor are coupledotthe 15 of SU(6) and the

remaining two quarks with di erent avor are coupled to the 21 of SU(6),
Vir = @Vo+ (@21 @)Var +(as @) Vis (WwW14)

whereV, denotes the values of the hyper ne interaction (WW10i) for he Pentaquark state
]21Q 3; 0; 4i in the SU(3) limit for the case where all the quarks have the mstrange massn,.
The coe cient a, is chosen so that the terna,V, contains all the contributions from hyper ne
interactions between the two diquarks with the broken-SU(B8masses. The remaining two
terms give the correction to the hyper ne interaction within each diquark when the correct
masses are used, and the appropriate spin averages de nedly weighting factors (WW12)

are used. For the case where the wave functig2lQ 3; 0; 4i is used,

hV,i = Z V(d3,) + % V()= 3v (WW15a)
.3 L 1 0
hVisi = 2 V (dgs) + i V(djs) =+3 v (WW13)

Thus for the case of the doubly-strang®.ssud,

mu mS mu mU mS mU
Vor (P = — Vo+ — V. — ——— Vi5=(1 Vot V 1 V.
br( cssud) M 0 M 21 M M 15 ( )o 21 ( ) 15
(WW16a)
where
Ms My (W W 160)
Mg



is a parameter de ned [Z7] to express the suppression of theasmige quark hyper ne in-
teraction. For our purposes it is su cient to work to rst ord er in the SU(3)-breaking

perturbation . Thus
Vbr(Pstud) VO (Vo + V15 V21) = lev+10 v (WW17)

The case of the doubly-strangd ., is particularly simple because the two quarks in
each diquark have the same mass even when SU(3) is broken ahd tavor permutation
symmetry within each diquark in conserved by the broken SUJ3nteraction. In the case of
the singly-strangePqg,,q, the two quarks in the symmetric 21 diquark have di erent mases
and the broken SU(3) interaction can have o -diagonal matw elements which change the
color-spin permutation symmetry of the diquark, and connédhe state to a state in which
both diquarks are in the color-spin antisymmetric 15. This @ntribution which introduces
a new state outside the two-dimensional Hilbert space de weby the statesj21Q 3;0; 4iand
j10%, 3;0;4i has been neglected in previous calculation§ [6]. We followig example and
neglect these o -diagonal elements which in any case intrade contributions higher order
in . In this approximation the hyper ne interaction between dguarks is given by an average

hyper ne interaction..

Vbr(Pquud) 1 é Vo+§V15 é

Var= Vo 5 (Vo VistVar)= 16v+11v (WW18)
in agreement with the previous result[[6]. We thus see that the ects of SU(3) symmetry
breaking on the doubly strange pentaquark are roughly equ#d those for the singly-strange
case.

One must also consider the possibility that the pentaquarkshay not be bound but may
be observable as low-lying resonances near threshold in thgp, Ds Bsp or Bs system.
The combinatorial background can be expected to be very laggn the Dsp or Bgp system
where many uncorrelated protons can be present in any highengy event. In this case the

doubly-strange pentaquark may be a more easily identi ed calidate than the singly-strange

pentaquark. The number of uncorrelated % can be expected to be very much less than the
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number of uncorrelated protons. In either case the pentagudaresonance should appear as

an enhancement near the lower end of phase space.

IV. DECAY MODES

If the pentaquark is a loosely boundDs por Dg molecule, its decay will resemble
that of an o -shell Ds. However, it may also have the structure of & and the four-quark
state (WW6I),

E
Poswd = 13 ;1:2iQ ] 3 Oi(uuds) (WW19)

where we have labeled the states by the quantum numbej®3; Si and now included the
guantum numbers of thec. In the spectator model, the decay of the pentaquark is desised
as

JPesuundi ] 351720 g4y 1 3500 a0 (WW20)

There are many ways that this (3; 3) color con guration can fragment into a nal state
of several color-singlet hadrons, including many states weh are not reached in the model
of an o -shell D5 bound to a spectator proton. The lifetime of theP.s,,¢ may therefore be
considerably di erent from that of the Ds. However, even for decay modes like and
pK °K which occur intheDgs p model, the ratio of the two branching ratios can be quite
di erent from that for the Dg. This can be seen by examining the initial state (WW19) in
which the cs system is not spin zero as in th®¢ but is a linear combination of zero and
one, with a factor of three favoring spin one. It is like a lin@ combination of D and D.

The D, component can decay into vector-pseudoscalar via s-wavecontrast to the D
decay which is p-wave. We now show that the s-wave decay hasadditional spin factor of
3 favoring the  mode overK °K

The s-wave decay has no orbital angular momentum in the nalour-quark state. Thus
we need consider only spin couplings. Since the decay is tagaally invariant we can choose

the initial state to be polarized with \spin up" for convenience. We now write the color-
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favoredc! s decay to include spinology and the combination with the sp&ator quark
E E
joi jsei! S s = jS i (WW21a)
Thus, the color-favoredc! s decay at the quark level leads to a unique spin coupling of
the s with the spectator quark and requires thess state to have the desired spin 1 for the
decay.
The color suppressea@! K °u decay written to include spinology and the combination

with the spectator quark is

S _ S _
2 E 1
P 2 o Lok owiisi=
jei jsei! 3 K.%uz ]S BjK.UIJSI
S _ E S
2 . , 1. . . ,
= 3 K.% jugsi 3 K % jusi =
S S S

E E

K.% j(us)s=oi + K. j(us)s=1i JK, % juesi (WW21b)

I
Wl |
Wl |
[IE=Y

Here the color suppressed! K °u decay at the quark level is seen to lead to spin couplings
of the u with the spectator quark which give a probability of (1/3) far the us state to have
the desired spin 0 for theK °K  decay.

The D, component can also decay purely leptonically into and e without the helicity
suppression factor existing for the pseudoscal®s decay. Since branching ratio for the
decay. Dg ! is about 1%, one might expect signi cantly higher branchingatios for
JPesuugl! P andjPesugi! pe if the pentaquark has the structure (WW19) of ac and

a four-quark state (WW6i),
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