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Constitution of hadrons in QCD

* Quark Model
G e Mesons
Color-anticolor pairs

* Exotic states predicted by QCD

N

Tetraquark Molecule Pentaquark

Tightly bound Loosely bound S=+1
diguark&anti-diquark meson&anti-meson
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Six-quark state
Tightly bound
6 quarks

Baryons

Red-blue-green triplets

Hybrid
More than 2
quarks and gluon



BEPCII and BESII|
First physics run | =
starts from 2009! €~
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Charmonium Spectroscopy

from Ryan Mitchell
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* Below open charm threshold

Good agreement between discovery and theoretical
prediction.

* Above open charm threshold

Many expected states are not observed
Many unexpected states are observed: XYZ states



Data samples for XYZ states at BESIII
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« Luminosity~5 fb"
« Large data samples around W(4040), Y(4260), Y(4360), W(4415) and Y(4660)
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X(3823)/X(3872)

* X(3823) in etfe>»m*mtyx,, PRL 115011803 (2015)

* X(3872) iIn Y(4260)-ytmt*rtJ/W PRL 112,092001 (2014)



Events / 5 MeV/c?

e*e — 1T X(3823) - T T VX

PRL 115,011803 (2015)
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Potential channel: 1°D, -yx.; YX with large width.
M=3821.7+1.3+0.7MeV, [ <16MeV.

Good candidate of W(13D, ).

Both Y(4360) and W(4415) line shape give reasonable description.



Events / 3 MeV/c?
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M=3871.9+0.7+0.2MeV, [ <2.4MeV.
* A new Y(4260) decay mode and new X(3872) production mode: Y(4260) — yX(3872)
If we take B(X(3872) —» t* i J/W) ~ 5%, (>2.6% in PDQG)

o(ete™>yX(3872))

olete »ntnJ/W¥)

~ 11.2% large transition ratio!

PRL 112,092001 (2014)
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Abundant structures above 4GeV

Cross section of ete»mt*rtJ/W(h.) PRL 110, 252001(2013)
Cross section of ete»wy, PRL 114, 092003(2015)
Cross section of ete—»nJ/W PRD 91,112005(2015)

Cross section of ete—nJ/W Preliminary
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o(n’n’h )/c(n*th,)=0.631X0.09

o(n’n®J/W) arXiv:1506.06018
G(Tt”n'hc) PRL 111,242001 (2013)
o(r°n’h,) PRL 113,212002 (2014)

o(mt*trh,)~ o(m*m)/W) different line shape
A possible structure near 4.23GeV for o(mt*mh,)
No large iso-spin violation in a(rtrth) and o(rrd)/W)
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Events/(0.005 GeV/c?)

Events/(0.005 GeV/c?)
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A tetraquark? PRD 91,117501 (2015)
W(4S)? EPJC 74:3208 (2014)
Threshold effect?

PRL 114, 092003 (2015)
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« Cross section peak near 4.23GeV

 Fit with BW
Mass=4230+8+6MeV
Width=39+12+2MeV
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Observation of ete—nJ/W and ete—»nJ/V

PRD 91,112005 (2015) BESIII Preliminary

100

-
=
T

—+ Belle .
= 80_ —4This work = S I 7 S HY RN R B
: m_.w A e
+ ¥ g - o = 3.1140.610.3 pb @4.23 GeV
1 °:r1 T ?JF*##*’H‘*H o Eoli o = 3.940.840.4 pb @4.26 GeV
20F SUUUE TN SOV TR FUUUR TUUIE OO DUUON BUONE Y
3'83'9 1'1 4142 434445464'7 415 42 425 43 435 44 445 45 455 46
\S (GeV) Som. (GeV)
« Agree with previous results with  First observation at 4.23GeV and 4.26GeV,
improved precision couldn’t tell the line-shape due to the statistics.
o Structure near 4.2GeV: W (4160)->nJ/¥ « o(nJ/¥) is much lower than o(nJ/¥) which is in

contradiction to the NRQCD calculation. PRD 89,
074006 (2014)



Z_states at BESIII

ZC(39OO)J_r iInete - m*m J/W PRL110,252001 (2013)
Z.(3900)%inetes »mOm%J/ W arXiv:1506.06018
ZC(3885)J_r in ete” -» m* (DD*)" PRL 112, 022001 (2014)
Z.(3885)%in e*e" —» m0 (DD*)? Preliminary

Z.(4020)F in e*e” > " 1 h, PRL 111.242001 (2013)
Z.(4020)°%in ete- » o % h, PRL 113,212002 (2014)
ZC(4025)J_r in ete” -» 1* (D*D*)" PRL 112,132001 (2013)

Z.(4025)%in e*e" —» m9 (D*D*)° arXiv:1507.02404
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Events / 0.01 GeV/c?

ete" ->m/Z (3900)»ntmJ/ ¥

PRL 110,252001 (2013)
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Z.(3900) i, observed by BESIII, confirmed by Bell and

CLEO-c data.

Z.(3900)°, evidence with 3.70 at CLEO-c, observed by

BESIII.
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Iso-spin triplet is established!
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e*e -1 Z.(3885) —» 1 ( DD*)

Z.(3885) ", observed by BESIII.

Have a mass and width close to Z_(3900).

Z.(3885)° 3885.7 F23+8.4

PRL 112.022001 (2014) preliminary
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ete” -1 £ (4020)-> 1t 1t h,

PRL 111,242001 (2013)
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Z.(4020)° 4023.842.243.8 Fixed(=7.9)
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PRL 113,212002 (2014)
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Z.(4020), observed Jk:y BES+III.
A hint for Z.(3900) "= 1 h,
Z.(4020), near the D*D* threshold.

Iso-spin triplet is established!
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e*e -1 Z(4025) - 1t (D*D¥)

PRL 112,132001 (2013)
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Z.(4020), observed by BESIII.
The Z(4020) and Z_(4025) are consistent within 1.5c.
If they are the same state:

I'(Z.(4025) - D*D*)

'(Z.(4020) - 1th,)

Iso-spin triplet is established!

=12+5

18



Events / 0.01 GeV/c?

Events / 4 MeV/c?

Summary of Z_states at BESIII
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Summary

Lots of progress in charmonium-like studies at BESIII recently.

Observation of e*e'— yX(3872) & mt*11 X(3823).

Observation of Z_ states.

Measurements of many hidden charm final states.

X, Y, Z particles are correlated.

BESIII will continue to study the XYZ states.

Y(4260)

/

X(3872) | sl

\

Z.(3900)

Thank you!
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