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Introduction

1, How to distinguish particle to be an elementary or a
molecule particle ?

2, What are the new hadron states ?
Four quark state, Molecule, Glueball, Hybrid, gbar g meson

3, How to search the new hadron states ?
BES e+te-

Belle e+e-\gamma, B decay

BaBar e+e-\gamma, B decay

JLab GlueX\gamma P

LHC B decay



Elementary state vs Molecule

Renormalization
Constant Z

Z —> 0 Molecule
Z —>1 Elementary State

From Michael R Pennington

Weinberg 1963,1964
Morgan 1992

Hanhart, Kalashnikova et al 2004,2007
Meng, Sanz-Cillero, Yao, Shi, Zheng 2014
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Elementary state vs Molecule
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Elementary state & Molecule
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Fit 1 Fit 11
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Zb(10610)

and Zb(10650
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Many Evidences point to a molecule Zb state

M. B. Voloshin
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Rely,] = —1434 3 MeV Im[y;] = —138 £ 2 MeV
Re[y_] = =222+ 3 MeV Im|y_| =10.2 £ 1.8 MeV
grra = 0.017 £0.005 GeV™2  goyp = 0.235 £ 0.023 GeV ™2
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Channel our model PDG [21]

BR(T(1S)nn) (3.44+2.1) x 10~ (5.3 +0.6) x 1073
BR(Y(25)7) (1.34£0.5) x 1072 (7.8 + 1.3) % 10-3
BR(Y(3S)rm)  (25+22)x 107 (48%y7) x 1072
BR(hy(1P)mm) (6.5 4+ 2.4) X x 1073 (3. 5+ ) % 103
BR(hy(2P)7) (7.6 +6.6) x 1073 (6. ()+% 1) % 10-3
BR(BB*r + BB*r)  (11.6 + 2.1)% (7.3 + 2.3)%
BR(B*B*W) (24 £0.4)% (1.0 = 1.4)%

I'z—wrasyr : T'z,=svesyr 1 Tz,5r@s)» =010 :2.76 : 1,
Uz srasye : Lzisresyr t L2535 =0.07:1.95: 1,
'z, —napryr i U zy—h,c2pye = 4.2,
Uz shyapyr * Uzt —sny2p)r = 3.4
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Conclusion:

X(3872) Is more like an
elementary particle, which
cannot be a pure molecule state.

/b(10610) and Zb(10650)" are
bound states of BB* and B*B*






