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FIG. 2: (a) M(KK7* 7)) - M(KK7* ) mass difference distri-
bution. Charged conjugates are included. The shaded region
is the event excess used in the estimation of signal significance.
Results for the fit shown are in Table I. (b) Mass difference
distribution for mixed events as described in the text.
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e |Iar, the hypernucleug, He not seen decaying into + H.
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6.2. Heavy hexaquarks

Speculations on dibaryons wittharmC' = 2 or higher See, e.g., Julia-Di
et al.

L To be searched.
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MSasaki, Czikor et al., Negele et al. found a possible signal close akdv

_ Twerage | threshold, withnegative parity.
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Conclusions

e Eidemiller assumes the same diquark clustering as Jaffe and Wilcze|
N P — 1.

RS

] ] Sugiyamma et al. foun® = —1. Same for Zhu.

BR800 much dependence on the choice of operagee, e.g., Kondo et al.
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Constituent models

Main results

No multiquark for equal masses and confinement with usual colol
pendenceéThe proliferation of multiquarks comes only in models with ad-hoc clust
hypothesis, not out of tedious few-body calculations.)

Mass asymmetry favoufg)()gq) as in atomic physics.
Spin-colour forces have interesting coherences. But ...

Spin-flavour alternative also. Favopositive-paritypentaquarks. (Glo
man,Stancu and Riska, Huang, Carlson et al., Hosada)
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Double-charm... DO nOt forget

Tetraquarks, . ..
Pentaquarks e Long-range forces. Good enough to bingn. A Yukawa potential als
::a“t"’“kf expected between other particles containing light quarks.
Hybrids of .. A weaker potential can still bind if experienced by heavier parti
Conclusions — DD* + cc model 0fX(3872)

pome rage | See, for instance, drngvist, Ericson and Karl, Manohar and W

_ Braaten, Swanson, etc.

| Charmed baryons might also form bound states. (Julia-Diaz + Risk
]

e Borromean binding If the potential is slightly too weak to bind t
C hadrons, it may well bind three hadrons.
Page 5o ofo¢_| See, in particular, the refreshing appraoch to pentaquark by Bict
cosack | borromean/’ N7 molecule, i.e., heptaquark. See, also, Felipe J. LI;
| Estrada (Madrid U.), E. Oset & V. Mateus.
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e ad-hoc clustering might worliquark, for instance, advocated m
many years ago to explain why mesons and baryons have the same
slope (M? vs. J). Same3 — 3 string tension.

Diquark clustering in baryons at highwas proved much later.

e ad-hoc clustering might fagee, e.g., some of the speculations on b:
nium in the late 70’s.

See, also, Frederiksson &ddel. Phys.Rev.Lett.48:14,1982.
And, more recently, Zhu, who remarks that a low lyingl][«d]s might
mean embarrassing low-lying dibaryons.

([ J
ud) [ud] § = 1.54 GeV == [ud] [ds] [sd] ~ 2 GeV , H?
S—— N ~ 4
/=1 =0
[ud] [uds] = 1.54 GeV == [uds] [uds] [uds] < Q- d threshold
\‘/_/ & -~ P
=1 =0
etc.
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Hexaquarks  Early speculation by Mandula and Horn (1978), and Hasenfratz, Horgat
Theoretical .. . and R. (1980)
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Conclusions

The gluon, beingoloured is not only the vector of the interaction, it can «
play aconstituentole.
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Ordinary quarkonium : governed byV,,5, a kind of Born—Oppenheim
| potential with the gluon field in its gournd-state.
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Further predictions

Flux-tube models, lattice QCD Usually masses a little higher.

Recently discovered state
DISCUSSION

We have observed a strong near-threshold enhancement in the w.J/¢¥ mass spectrum
in exclusive B — KwJ/9 decays. The enhancement peaks well above threshold and is
broad [9]: if treated as a single resonance, we find a mass of 3941 + 11 MeV and a total
width I' = 92 4+ 24 MeV. It is expected that any “normal” c¢ charmonium meson with
this mass would dominantly decay to DD and/or DD*; hadronic charmonium transitions
should have minuscule branching fractions. The properties of the observed enhancement
are similar to those of c¢-gluon charmonium hybrid states that occur in Lattice QCD [10]
and are expected to be produced in B-meson decays [11]. However, the Lattice calculations
indicate that the lightest hybrid states have masses around 4400 MeV, well above the mass
of the enhancement reported here.
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e Dramatic and welcome come-back of hadron spectroscopy.

e Some experiments have very convincing results, in particular in the
guark sector.

e Some claims obviously need confirmation, and better stati<tics.

e A straight hadron is usually seen in many experiments. A delicate
ture might hardly survive brute-force production.

e Some theoretical models are very elegant but rely on ad-hoc hypc
(clustering) that need to be checked.

e Thesmall widthof pentaquark is extremely puzzling.

e Intriguing possibility of candidates faicg type of states.
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