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Hadrons

Quark model:
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= Exotic hadrons:
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Charmonium Spectroscopy
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Charmonium Spectroscopy
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Charmonium

Direct Production
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Charmonium Production

B-meson Decays Charmonium Transitions
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X(3872) & X(3915)




X( 3 8 7 2 ) [PRL 91,262001(2003)]
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X(3872) - New Production
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X(3872) - New Production
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X(3872) - Decays
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X(3872) - Decays
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X(39 1 5) [PRD 86,072002(2012)]
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Discovery

» First state - Y(4260),
discovered in ISR process at
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Y from ISR Process
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Over Population 1- States

Above open charm threshold, 5 expected, 7 observed
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Improved Measurement
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Y(4220)
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Y(4220)
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Y in b-flavored Decays
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Z States
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Z States from Y

Both charged and neutral modes
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Z States from Y
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Z_(3900)

[PRL119, 072001 (2017)]
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Z_(3900)

Hy, > ntn~J/Yy+ X

[PRD100 012005 (2019)]
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Z_(3900)
Hy, > ntn~J/Yy+ X w

[PRD100 012005 (2019)]
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Z_(3900)

BESIT
Z.(3900)* — pTn.

[arXiv:1906.00831]
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Connection: XYZ

m Y 9 Z [PRD98 052010 (2018)]
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Summary

» Great progress in charmonium-like states

Numerous X(3872) measurements: mass, quantum number,
production and decay modes

Overpopulation of 1 states above 4 GeV

= Cross section measurement with much improved precision,
Y(4260) » Y (4230); multi decay modes

= Light hadron final states
New measurement of Z properties
Building relations between exotic states

Improved understanding of conventional charmonium states
above open charm threshold, x.,(2P), x.»(2P) candidates

THANK YOU!







X(3872) Radiative Decays
» Ratio of X(3872)>yy(2S) to yJhy:

= Theoretical predictions:
=  Pure DD* molecule: (3-4)x10-3;Charmonium: 1.2-15; Mixture:
0.5-5
= Experimental measurements:
= BaBar: 3.4+1.4, 3.50 [PrL102, 132001 (2009)]
= Belle: <2.1 @ 90% C.L. [Pri107,091803 (2011)]
= LHCb: 2.46+0.64+0.29, 4.4 N5 856,065 (2014)]
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Z(4430)

= First observation: [PRL100, 142001 (2008)]

= Belle, B>Ka*(2S), 605 fb-' data at Y'(4S)
= Fit to the mass spectrum of w*(2S), 6.50

= Not confirmed by BaBar, found data can be explained by
K* reﬂeCtionS: [PRD79, 112001 (2009)]

= Two dimensional analysis, 413 fb-' data at Y'(4S)

= Updated Belle results: [PRDAS, 074026 (2013)]
= Two dimensional analysis using 45
same data as first publication w aok ‘
= Four dimensional amplitude & %F ‘
analysis, 711 fb-' Y'(4S), Z(4430) <=0
favor 1* 5
sf

= Larger width, higher mass
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LHCD

Confirmation of Z(4430)

| LHCb
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Z(4430) in Jhy

| Be”e EOQK'J‘I#J/H) J/lp%l-"l' [PRD 90, 112009 (2014)]
= 711fb" data at Y(4S),2999 .

= Four dimensional analysis: = 2000f () € 1055 1265 MeV ]
g . . ]
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g F ;
= Z(4200)* observed 5 tooo - :
< - ata .
| JP —_ 1+ © 500:_ S — Jrlslax=2 _:
E [PRL 122, 152002 (2019)]
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