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��� In the quark model we think of hadrons as qq or qqq
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��� But there is nothing preventing other combinations

→ Where are all those combinations with more than 3 quarks or
anti-quarks?



Introduction - molecules
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��� There are lot of objects composed of baryons
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��� There are lot of objects composed of baryons
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��� Where are similar objects from mesons?



Scalar mesons
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NOTE ON SCALAR MESONS BELOW 2 GEV

Revised September 2013 by C. Amsler (Univ of Bern), S. Ei-
delman (Budker Institute of Nuclear Physics, Novosibirsk), T.
Gutsche (University of Tübingen), C. Hanhart (Forschungszen-
trum Jülich), S. Spanier (University of Tennessee), and N.A.
Törnqvist (University of Helsinki).

V. Interpretation of the scalars below 1 GeV: In the

literature, many suggestions are discussed, such as conventional

qq̄ mesons, qq̄qq̄ or meson-meson bound states. In addition one

expects a scalar glueball in this mass range. In reality, there can

be superpositions of these components, and one often depends

on models to determine the dominant one. Although we have

seen progress in recent years, this question remains open. Here,

we mention some of the present conclusions.

The f0(980) and a0(980) are often interpreted as multiquark

states [140–144] or KK̄ bound states [145]. The insight into

F
rom

R
P
P
by

P
D
G

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
��� Candidates beyond qq mesons exist, but real trouble is how to
decide whether they are qq or something else



Charmonium
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��� Back in 2003, many expected
states still missing
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��� Belle started to search for them
and quickly found one
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��� Did not fit into expected spectra
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��� Mass close to m(D0) +m(D∗0)

arXiv:1403.1254
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X(3872) properties
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��� Quantum numbers JPC = 1++

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.132002
http://dx.doi.org/10.1103/PhysRevLett.110.222001


What is X(3872)?
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X(3872) is still about same
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��� Is it real and if yes, is it resonance?
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Issue of reflections
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+π− (only 2D rather
than 4D system)
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http://arxiv.org/abs/arXiv:1207.0825
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making claims in this type of
systems
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LHCb detector
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Data sample
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Amplitude analysis
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Model independent method
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Why Legendre moments?
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Z(4430)  is the first confirmed unambiguous four-quark candidate  



Interpretation
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��� Belle and Babar had different conclusion due to lower statistics and
lower sensitivity of method at Babar
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��� Our date show proper resonance behaviour of Z(4430)+
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��� Exotic spectroscopy is now fully open for new states
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