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Multi-quark State, Glueball and Hybrid

Hadrons consist of 2 or 3 quarks:

Naive Quark Model: Meson (g G )

Baryon (qqgq) @

New forms of hadrons:

Multi-quark states : Number of quarks >= 4

Hybrids :  qqg, qqqg ...
Glueballs :  gg, ggg ...
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Multi-quark states, glueballs and hybrids have
been searched for experimentally for a very long
time, but none iIs established.

However, the effort has never been stopped,
especially, during the past couple of years, a lot
of surprising experimental evidences showed the
existence of hadrons that cannot (easily) be
explained in the conventional quark model.

J/y decays provides ideal Lab for
searches for new forms of hadrons and

study of the light hadron spectroscopy.
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BESIII @ BEPCII

BESII @ BEPC
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Observation of charged x at BESII

» k was first found in Krt scattering data

» However, its phase shift is much less than 180° and it cannot be
filled into any nonets of ordinary 0 mesons. There have been
hot debates on the existence of «.

In recent years:

¢ FNAL E791 found evidence of neutral x in D* =K t*t*.
M =797 +19+43MeV/c*, T =410+ 43+87 MeV/c?

¢ CLEO D° 5K r*n? data find no evidence of «.

¢ FOCUS data on K*—>Krt*u*v require K*? interfere with either a
constant amplitude or a broad 0* resonance in K.

¢ BESII observed neutral ¥ in J/yy — K*%Kt — KnKw in 2006.
(841+£307%,) —i(309+45">) MeV/c?

neutral k pole:




The existence of charged x is expected !

e CLEO reported the necessity of x* — K*7° in D° > K*K 2° .

* However, no charged « is needed in BABAR data.

e BESII studied chargedx in  J/y - K™ k" - K 77 K¥7°
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Resonance parameters of charged «

Constant BW

BW with p

Zheng

Mass (MeV) 810 + 68757 884 £ 4075 1165 =+ : 8*”“
Width (MeV) | 536 £ 87110 478 + 7-+“ 1349 4 50012
pole (MeV) (849 + 7771%) (849 £+ 517 13) (839 £ 14572%)

—i(256 4 40735)

—i(288 £ 10175,

)

—i(297 4+ 511°9)

For reference, resonance parameters of neutral «

Constant BW BW with p Zheng
Mass (MeV) | 745 £ 267 874 £ 2575 1140 £ 397

Width (MeV)

e
l’l’—l_'-3

622 +

518 + 6512

1370 + 156710

pole (MeV)

(799 + 37110
—i(290 + 337%)

836 + 387 4%)
(
—i(329 + f;-(ﬁq’?,

)

(811 4 747%%)
—i(285 4+ 20735)

» Different parameterizations of k give consistent results on the

pole of charged « .
» The pole position for charged « is consistent with that for

neutral k¥ within the error.



Partial wave analysis results
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Observation of an anomalous enhancement X(1860) near the

threshold of pp mass spectrum

J/ W — ¥ PP PRL 91, 02201 (2003)
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theoretical speculation:

> PP bound state (baryonium)
> FSI effects

10 Beijiang LIU, QNP2009, Beijing 2009-9-19



The narrow threshold enhancement is
NOT observed in those channels

Y(lS) —> ¥ pp@CLEO PR D73, 032001 (2006)
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EPJ C53 ,15 (2008)
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Observation of an anomalous enhancement near
the threshold of PP mass spectrum at BES Il

v'—>ard ly,d v — ypp @ BESIII
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This narrow threshold enhancement is “NOT”

observed in¥' — ¥ pp at BESI 1|

w'— v pp @BESIII
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No significant narrow strong enhancement near threshold
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Study of y(2S)— ynon® , ymMm (M —~ vy, ©° — yy)

Radiative decay of charmonium to nn, nn’, n’n’ Is
still a ‘missing’ part of hadron spectroscopy.

v. decay Iinto light meson pairs has its
Implication on light hadron spectroscopy.

In the starting phase of BESIII

Pure neutral channels: 5y final state, only count
on EMC
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Data/MC comparisons
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Summary

Recent hadron spectroscopy results at BES are

presented:
Partial wave analysis results of charged «

X(1860) has been confirmed in y(2S)=2>n*nJ/vy, J/y=>y ppbar;
no significant narrow enhancement is observed in y(2S)=2>y
ppbar.

Ay 27100 and nn

BESIII started running
~110M y(2S) collected
~230M J/psi collected

Expecting new and exciting results from new
data.
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Thank you
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