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What 0s exoti ¢ stat e

A Quark Model meson  baryon

A 2 quarksgd) -- meson

A 3 quarksgqo) -- baryon @ ?
A QCD predicts the exotic sates Glueball

~ i B

A Glueball: N a4s= 0 @999 € ) ; %g

A Hybrid : Ny ans>= 2 @09,9999 € )

A Molecule: bound state of more than 2 hadrons Molecule

A Mutiquark state Ng,ans>= 4 . @

A @ @ ..... . %




BEPCII and BESIII
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Flrst physms run
starts from 2009|
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Double ring:
Symmetric collider

W CMS energy:

=N 2.0~4.6 GeV

' Design Luminosity @y (3770)
1310%3cm-2s-1

(70% achleved ~20pb- 1/day)




MASS [GeV/c?]

Charmonium and XYZ states
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Below opencharm threshold

Good agreement between discovery and
theoretical prediction

Above opencharm threshold
many expected states not observed

Many unexpected observed: witharmonium
in final states, but not conventional
charmoniumstates ¢harmonium-like or XYZ)



Data samples for XYZ physics at BESIII
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X(3823)/X(3872)

1. X(3823)ine*e- p'p g C
2. X(3872)inY(4260) gotp Jly



e'e- p'p X(E8823)- p'P gL

PRL115, 011803 (201p

o o 25
LQ - —+— Data & C + data
40 ) — -
% : 3 " x> 2f —Y(4360)
S 30k ---- Background ® ). ---y(4415)
g r B Sideband B 151
§2] C &T‘: £ 3
3 20 X(3823): 6.2s N 1F
- m -
L B N ¥
10¢ \l >é 0.5 3
- o 0" St Dokt MNP SRTU RrCRE TR S| |G S [
9% 3.7 3.8 39 e 4.2 4.3 4.4 45 4.6
M, ooi(ET) (GeV/C?) Ecm (GeV)

Agree with BELLEG6s 3.7s evidence (PRL111,032001( 2

A Potential model: 13D,A g g.,9 & with large width.

AM=3821.7°1.3° 0.7 MeV, G< 16 MeV

A Good candidate of y(13D,)

A Both Y(4360) ang (4415) line shape give reasonable description. g



Y(4260- gX(3872)- gp'p Jly

T T T T I T T T T I T T
15
- —+ Data

I — Total fit
BES]H === Background

Events / 3 MeV/c?
o o

%.8 3.85 3.9 3.95
M(rcre J/y) (GeV/c?)

AM=3871.9°0.7°0.2 MeV, G< 2.4 MeV

B(yX(3872)—yr T JAy) (pb)

0.6

0.5

0.4

0.3

0.2

0.1

PRL 112, 092001 (2014)

—4— data
— Y(4260)

--—- Phase Space

--- Linear

Aanew Y(4260) decay mode and new X(3872) production mode: Y(4260)- gX(3872)

If we take B(X(3872) — n77n~J /1) ~ 5%, ( >2.6% in PDG)

o(ete™—yX(3872))
a(e+e"—>;‘*'7r—.!/¢) ~ 11.2%

Large transition ratio !



Abundant structures above 4GeV

Cross section ofte- p ply (h)
Cross section ofte- w ¢,

Cross sectiorete - hlly

A

Cross sectiorete- ho ¥/
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o (pb)

o(n’r’Jhy) (pb) o(n'wJAy) (pb)
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e'e’- p ply(he)

s(p°p%J/y)/s(p'p J/y)~ 0.5

BESII arXiv: 1506.06018s (p°p®Jfy)
PRL 111, 242001 (2013)(p*ph,)
PRL 113, 212002 (2014 (p°p°h,)

V s(p*phy) ~s(p*pJly), but different line shape
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s(p%°h)/s (p*ph.)=0.63 0.09

1 V Apossible structure near 4.235eV for s(p*p h,)

no largeiso-spin violation in s(p p.) ands(p ply) !
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Observation of ete--
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Events/(0.005 GeV/c?)
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V A tetraquarR (PRD 91,117501(2015)) A M =42308°6 MeV
V y (4S)?(EPJC 74:3208 (2014)) A G=3812°2 MeV
V Threshold effect?
V é
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Born cross section (pb)

o(e'e = nJy) (pb)

Observation of e*e - hJdly
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H ‘H —4— This work

PRD 91, 112005 (2015)

V Agree with previous results with improved precision
V Structure near 4.2GeV: y(4160) - hJdly
More data 4.10~4.20GeV is needed!
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BESIII Preliminary

V First observation at8s = 4.23& 4.26GeV, cannot
tell the line-shapedue to statistics.

V s(h jly) is much lower thans (hJ/ly) , in
contradiction to the calculation in the framework of
NRQCD (PRD 89, 074006 (2014.)
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a k~ 0N PRF

/. States

Z(3900§0in ete- pp°Jly
ZJ(3900) inete- pwp

7 (3885§0in ete- p(DD*)°/0
Z (40200 in ete- pp/Oh,

Z (4025§0in ete-- p(D*D*) °/0
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e'e- pZ.(3900)°- pp Oy
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Z(3900] observed by BESIII in 2013, well .
confirmed by Belle and CLEO-c.
Z (3900} evidence with 3.8 by CLEO-c, g =
observed with >16 by BESIII. : sE
An iso-spin triplet Z(3900) established! I §
| Ze@O00)  Mass(MeV)  Width(MeV)
1E
g

Z(3900)=  3899.0+3.6£4.9 46+10£20 ) 18 m e
M, (GeVic)
Z.(3900)° 38948423227  29.6+82+82 v
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e'e- pZ.(3900) - pwp

arXiv: 1507.02068

e'e @4.23GeV
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V  Z(3900): mass close to DD%ar threshold

A Decaysto Jy A contains cecbar

A Electric chargeA containsud-bar

A A 4-quark particle?!

V  Searching for new decay o¥ (3900) can provide useful information on its internal structure.

V  No significantZ_- w pis observed

s(ete- Zp,Z,- wp <0.26pb @ 4.23GeV
s(ete- Zp,Z,- wp <0.18pb @ 4.26GeV

ee (@4.26GeV
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ete- pZ.(3885)/0- p(DD*)°/0

PRL 112, 022001 (2014)

BESIT

V Enhancement at DD* threshold.
V ObservedZ (3885}

mass and widthclose toZ (3900)

Z(3885]) 3883.9@L.5@4.2 24.8@8.3@11.0

73885 3885.743.°8.4 3511 °15
BESIII Preliminary (38857 > e

BESIT
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