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Outline
ÅChallenges in Hadron Spectroscopy

ÅRecent Belle results on Baryon Spectroscopy

ÅXYZ states

ïThe X states ð whatever is leftover

ïThe Y states ð JPC=1--

ïThe Zc states ð I=1 & decays into c̀c

ÅUpgrade and prospects

ÅSummary
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Hadrons: normal & exotic

ÅQuark model: hadrons are composed from 2 (meson) 
quarks or 3 (baryon) quarks 

ÅQCD does not forbid hadrons with Nquarks 2̧, 3

ïGlueballχ Nquarks = 0 (gg, ggg, é)

ïHybridχ Nquarks = 2 (or more) + excited gluon

ïMultiquark stateχ Nquarks > 3 

ïMoleculeχ bound state of more than 2 hadrons

ïé
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Hadron spectra: normal 
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ÅLight hadron spectroscopy is complicated

ÅMany broad and overlapping states discovered, 

some not yet ïneed complicated PWA 

technology

ÅBelow open-charm/bottom threshold: good 

agreement between experiments and 

theoretical predictions

ÅAbove open-charm/open-bottom threshold: 

some expected states not discovered yet 
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M. Gell - Mann, Phys. Lett. 8, 214 (1964)
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Main Suppliers of Exotics
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Variety of recorded reactions

ggcollision

Double 

chamonia 

production

Initial state radiation

JPC=0-+, 1ī ī, 1++

in factorization 

limit. 

JPC=0-+, 2++. JPC=1ī ī.

C=+1.

B decayʇdecay

Continuum
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~20 multi-quark states are observed since 2003 with high significance

BES, Belle, Babar, CDF, D0, LHCb, Atlas, CMS

Some examples of multi-quark states

Tetraquarks candidates X(3782)ŸJ/yp+p-, Z+(4430)ŸYõp+, X(4140)ŸJ/yf, 

Zb
+(10610)ŸUp+, Zb

+(10650)Ÿ Up+ 

Pentaquarks candidates Pc
+(4450)Ÿ J/yp, Pc

+(4380)Ÿ J/yp
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XYZ particles

n(2S+1)LJ

n  radial quantum number

S total spin of c & cbar

L orbital angular momentum

L = 0, 1, 2 ...correspond to S, P, D, é

J = S + L

P = (ï1)L+1 parity

C = (ï1)L+S charge conj.

�¾ Charmonium-like (XYZ) particles
�¾ New type of hadron (multi-ǉǳŀǊƪ ΧύΚ

Prog. Part. Nucl . Phys 93 (2017) 143
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Particle ñZooò again ! 


