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BESIII detector

SC magnet, 1T

Magnet yoke

TOF, 90ps

Be beam pipe

MDC, 130 um
0.5% at 1 GeVic ~40,000 readout chnls,

Data rate: 5kHz, 50Mb/s
Csl(Tl) calorimeter, 2.5% @ 1 GeV
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MDC Momentum resolution 0.5%@1GeV
dE/dx resolution 6%

EMC Energy resolution 2.5%@1GeV
Spatial resolution 6 mm

TOF Time Barrel 80 ps (Bhabha)
resolution Endcap 110 ps (Di-muon)

MUC 9 layers RPC, 8 layers for endcap



Charmonium-like state production at BESI|

*\ector y/Y states can be produced directly

«C-even states can be produced from radiative transtions

7 - J' | lw(és)] o | From PDG
b 1. 1 BESII
5 |- fﬁé e v(4040)@4.008GeV
4| e Coa @4.23GeV
s | o 1 o Y(4260)@4.26GeV
- JJ‘ L L Y(4360)@ 4.36GeV
LA Ds | 4 L v(4415)@ 4.42GeV
BEPCII can reach hekrel Y(4660)@ 4.6GeV

My talk based on these data samples

Y(4040) @4.009 GeV 0.5 fb!

Y(4260) @4.23,4.26 GeV  1.1+0.8 fb?

Y(4360) @4.36 GeV 0.5 fb!

W(4415) @4.42 GeV 1 bl 3

Y (4660) @4.6 GeV 0.6 fb !




BESIT
Hadrons

® Hadrons:
v' 2 quarks (meson) or 3 quarks
(baryon)
v" described with quark model (QM)

® QCD suggests :

v Molecule: bound state of two  ud -6 '
hadrons M v i@ P,

v Multiquark state: (qqqq, dbaryon penaquark glucbal
99949, ---) [ Y

v" Glueball: (gg, ggg, ...) (N

\/ Hybrid: (qqg’ ...) diquark + di-antiquark dimeson molecule q q g hybrid

Search for these exotic hadrons



BESII
Charmonium spectroscopy

e Below charm threshold, all Z(4430)
states have been observed " Z(4050)
Chs: anti-ch: ial Z(4250)

e Charm anti-charm potentia

' — 24200

model described spectrum  * -
12700

very well 4 5
L) : : L] L) T ::IQ. g h‘“‘:‘

e Many missing states above S56. 7.400)
charm threshold. Y Z,(4023)

e A number of new states g‘q"ﬁ_
above charm threshold that " A3H)

o, » — Z(3930)

do not fit into ¢C slots " predicted observed -
Nhot all oi: them are | . edice Y(3940)
charmonium o Y(4140)
observed

v" What are they ? 281 X(#350)

|
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X(3872)

= Observed by Belle in B* 2 K*=n*nJ/y
= (Close to D°D*°mass threshold, narrow peak
m JPC—q++

= Nature unclear:

=« DOD*° hound state?
= Mixture of y.,(2P) and D°D*° bound state?

= Conventional charmonium %, (2P)? tetraquark? hybrid?...
= Production

= pp collison; B decays;
* Y(4260)->yX(3872) 11 L2
« Decay: T/, it /y, DODOR, DOD*O, vJ /v,



Observation of e'e” — » X (3872)

BESIII, PRL112, 092001 (2014)
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Clear ISR v’ signal for data validation; X(3872) signal at around
4.23-4.26 GeV



Observation of e'e” — » X (3872)

Events / 3 MeV/c?
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N =20.124.5;3
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= Seems from Y(4260) decays

B(X(3872)>n*nd/y)=5%

c(ete>yX(3872))

~11%

clete2>nnd/vy)

4.5

» s(ete>ntnd/y) =(62.9+1.9+3.7) pb;



Y states

= Mainly from B factories through ISR processes
* Y(4260): ete” 2 ygpmnd /vy
» Observed by BaBar, confirmed by CLEO and Belle
* Y(4008): ete” =2 ygrrtnd /v
* Only in Belle data

* Y(4360): ete" =2 ygrmtmy(2S)
» Observed by BaBar, confirmed by Belle
= Y(4660):e7e” =2 ygrmtmy(2S)
» Observed by Belle, confirmed by BaBar updated analysis

* Y(4630): ete DA AL
= (Observed by Belle



Observation of e+e-2>n+n-h_

» 3.3 thb*data at 13 energy points from 3900 MeV to 4420
MeV

* h.—»yn. n.—hadrons
[16 exclusive decay modes, ~35% of the n, decays]
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Comparison of cross section: e*e>n*nh, and wrn~ J/y

Circle: ete— n*nJ /y [ Belle]
Dot: e*e— n*nh, [BESIII]
Triangle: ete"— n*n-h, | CLEO-c]

wll | | L L 1 L | L L L I | '] 1 L l L L | L L L
4.2 4.3 4.4 4.5 4.6
Ecm (GeV)

" g(ete > n'nh.) ~ o(ete"— n*n-J/y) but line shape different
® [ocal maximum ~ 4.23 GeV, broad structure at ~4.4 GeV?

® Hint for a vector ccg hybrid?
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Observation of e*e 2wy,
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Charged charmonium-like states

=Decay into a charmonium, thus contains cc

=Have electric charge, thus has two more light
quarks

*Could exist in 7*J /¥, n* Y(2S), n* h,, 7% x.j5--.
=Experimental search:

»BESIII/CLEO-c: e+e-2>n~ exotics,...
»Belle/BaBar: e+e->(y;qp)7™ exotics,...

»Belle/BaBar/LHCb: B->K exotics,...
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Events / 0.01 GeV/c?

Events / 0.02 GeV/c®

Observation of Zc(3900)

. —4 Datz
100: B€Sm — Total fit
- anmm mgrnun
Bﬂ -_ == PHEPMC
o Sidebend
60 =
40
20 |
0
3.7 3.8 3.9 4.0
Mnax(TJ/y) (GeVic?)
70
4 data
60 — Fit
— Background
50 «--- PHSP MC
40
30
20
105

3.7

38 39 4 4
Mnax(m/y) (GeV/c?)

d it

M = 38009.0+3.6+4.9 MeV
[' = 46+10+20 MeV
307 * 48 events

M = 3804.5+6.614.5 MeV
I = 63+24+26 MeV
150 + 49 events

> ain :
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Neutral partner of Zc(3900)

2 soF
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+ + *N\—
e'e >z (DD) +c..
525 pb! data at 4.260 GeV
= Strategy: "PRL11: | |
= reconstruct D°=> K-n*/D*=>K-n*n*: reconstruct

“bachelor” n; require D* in the missing mass using
kinematic fit; look at the recoil side of =

M = 3883.9+1.544.2 MeV
I' =24.8+3.3+11.0 MeV
cXB 85.3+6.6+22.0 pb

Assuming Z.(3889) is Z£.(3900)

I'(Z,(3885)->DD*)
I'(Z(3900)->nJ/y)

6.2+1.1+2.7

Large non-DD coupling

:3[.:'85 ..3.90 35& 4.00 4.05 410 4.15
M(D*D*?) (GeV/c?)
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Fractional yield

e'e” > 77 (D'D) +c.c.

Coso_:

« bachelor pion’s pole angle (relative to beam direction) in the

CMS

0.05E

E....l....l.....I....l.....I....I....I....I....

GO 01 02 03 04 05 06 0.7 08 09
lcos 0.l

= 0: P-wave, with J,=*1
- SIn”0_

o parity-conservation

" 17: P-wave, 1+c0s-0_

= 1+ S-wave/D-wave,
D-wave small contribution
—=>flat distribution

fits favor 1* assumption
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Observation of Zc(4020) In wtm—h,
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= Simultaneous fit to 4.23 /4.26/
4.36 GeV data

= M=4022.9+0.8+2.7 MeV;
» [=7.942.74£2.6 MeV

Z (4020): 8.90; Z_(3900): 2.1c

19



Events/(0.01GeV/c?)

Events/0.0125(GeV/c?)

Neutral partner of Zc(4020) in #°z°h
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«Simultaneous fit to 4.23 /4.26/
4.36 GeV data

=\Nidth fixed to charged Zc(4020)

*|Interference neglect

e sM=4023.6+2.2+3.9 MeV; ,
M (GeV/eh) [M=4022.9+0.8+2.7 MeV]




Z.(4025) in D*D* mode

» Strategy:

80 - —4— data Z_(4025)
0 —— total fit - comb. BKG

PHSP signal
SOE  ws

Events / (2.5 MeV/c* )

402 404 406 4.08
RM(m) (GeV/c?)

827 pb! data at 4.260 GeV

= | ook at = recoil mass

= Events excess phase space
could be described by a
state decay into D*D*

= N=401+47

= M=4026.3+2.6+3.7 MeV;
['=24.845.6+7.7 MeV

Assuming Z.(4025) is Z_(4020)

F(ZE{EI.D 25)—}]:)-:{5.;{.)
['(Z(4020)->7h,)

=127T5
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Summary Zc mass and widths

Mass (MeV/c?) | Width (MeV)

3899.0+3.6+4.9 46+10+20 BESIII
3894 .5+6.6+4.5 63+24+26 Belle
Z.(3900)= 3886+4+2 37+4+8 CLEO-c*
3883.9+1.5+4.2 24.8+3.3+11.0 BESIII
3888.7+2.7 34.7+6.6 Average
4022.9+0.8+2.7 7.942.7+2.6 n=h,
Z.(4020) =° 4026.3+2.6+2.7 24.845.6+7.7 D*D*
BESIII 4023.6+2.3+3.9 - nh,
4023.84+2.1 10.24+3.5 Average
More excited states?
Zc(4430)

Belle, LHCH
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BESIT

Summary

e e+e-2>n+n-h, and wy,, are observed, and cross sections are
measured by BESIII

Around 4.2 GeV, n+n-h, mode has large production of
cross section, and different line shape observed at 7+7—
hc process, makes situation complicate

« X(3872) are observed in Y(4260)>yX(3872)

« Charged Zc states:

=Confirmed exotic state with at least four quarks,
Zc(3900), at BESIII, Belle and CLEOC

»Observation of charged and neutral Zc' at BESIII

More results will come soon 23



