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Beijing Electron P05|tron Collider (BEPC)
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BEPC ll: a double-ring machine

Beam energy:
1-2.3 GeV

Luminosity:
1x1033 cm~2s-"

Compton back-scattering Optimum energy:
for high precision beam \ 1.89 GeV

energy measurement

Energy spread:
5.16 x10
No. of bunches:
93
Bunch length:
1.5 cm
Total current:
0.91A
/ SR mode:
BESIII is here 0.25A @ 2.5 GeV




The BESIII Detector
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BESIII Collaboration
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BESIII Collaborators




BESIL  BESIII data samples

— Note that luminosity is lower at J/v,
and machine is optimal near y" peak ‘

2012:
" Integrated lum.: Jan. 2009- June 2014 ,
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Outline

Exotic states
The X states
The Y states
The Z_ states
Summary & Outlook



The heavy quarkonium system

At short distance
Cornell model works pretty well
V(r) = -4o/3r+kr

y(4S) or hybrid
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The quarkonium system

When distance becomes larger
— Theory 1: let there be screened potential
— Theory 2: let there be hybrids with excited gluons
— Theory 3: let there be tetraquark states
— Theory 4: let there be meson molecules
— Theory 5: let there be cusps
— Theory 6: let there be final state interaction
— Theory 7: let there be coupled-channel effect
— Theory 8: let there be mixing
— Theory 9: let there be mixture of all these effects
— Theories ...

QCD is another least understood part of the SM.

“The absence of exotics is one of the most obvious
features of QCD” - R. L. Jaffe, 2005

“The story of pentaquark shows how poorly we
understand QCD” - F. Wilczek, 2005



GeV A :
All these happen in 4.0-4.7 GeV
4.80 |
Pogese *Need data to develop theory.
aq0l  TEESEs
' 3p,(4. 2'0,(4.21) 23Dy(4.21) 2°D5(4.22)
3'3{4.06}23_._5EIE:-I'%}‘ PFy(4.09) IF5(409) I°F3(4.10) i
4. O O = ////////215 (3.96) z'PO(B 92) 2%, (3.95) 2%p,(3.98)
1*p,(3.82) | I'Do(3.84) 13D,(3.84) 13D,(3.85)
33513568 Hybrids ~ 4.2-4.5 GeV
'8,(3.62) dhisilis
3.60p7%777 . ies2) ﬂpo{ap“}l’ﬁ{a.sn 12Pel3.55) Tetraquarks ~ 3.9-4.7 GeV
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etra-quar enta-quark Molecule ~ _
320_ |35|{3.|0] Lic: R et K 39 44 GeV
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ot PRD32, 189 (1985) oP
2 80 | 1 | | | [ l | ] | ]
- - O—+ I—— i+- O-H— l++ 2++ . 2-—+ 2-- 3- - 34-- 3++

QCD just require hadrons to be colorless, and allow exotics.

Such exotic states exist ?



Thanks B-factories !

e Discovery of X(3872) and other many XYZ states etc.
 Unexpected bonus of the B-factories

New resonances discovered zbe| z(3885) Observed >15

at B-Factories 25(10610),2b(20650)| [} Exotic resonances

_ X(3915), Y(4350) by Charged
1000 integrated-L.un -
S Yb " Z(4050),Z(4250

Y(4660) Z(4430)

)
800 Y(4008) ~ /I/J ~

¥
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The X states



X(1835) review

€ Observed in J/Ay—yn’nn at BESII in 2005
€ Nature unclear, interpretations include pp bound state, excited 1°, glueball
€ Confirmed in JAp—yn'n'n at BESIII

€ Angular distribution consists with pseudoscalar, but other spin-parity assignments

not excluded
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X(1835) review

€ Simulated by pp threshold enhancement X(pp) in JAy—ypp
€ Results in the observations of X(1870) in J/p—o(nx'n) and X(1840) in JAp—y3(n'r)

€ Are these states observed around 1.8 GeV/c? from the same origin?

€ Further investigations on different production and decay mechanisms, precise physical

parameters measurement are necessary

Possible channels: Jiy — v/ o/ (¢ + nOnn / KKn / KKn
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Observation of X(1835) in J/y—yK K

O Why this channel?
- Unlike J/ip— yK*K™1, no background

from two potential but forbidden channels > 400:_ —MC h

of J\p—K K¢n and J/ip—K K qnm®

O Clear structure on mass spectrum
of K.K.n around 1.85 GeV/c?

O Strong correlation with the

enhancement near K K  mass
threshold (interpreted as £,(980))

O Structure 1s enhanced for
M(KKs) < 1.1 GeV/c2
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Observation of X(18335) in J/y—yKK)

O PWA for M(KK¢) < 1.1 GeV/c? PRL 115, 091803 (2015)
805 an,=140
NU ?0:_ + Data o
O Two resonant pseudoscalar components are 3 —MC Projection
. . . . 60 W Background
required in nominal solution 8 : - X(1835)
505_ - X(1560)
g . -+ Phase space
X(1835) = KK (> 12.9 o) o 40
dominated by £,(980) production @ 30
m = 184449758 Mev/e2 8 20t
I =192+3974% Mev "ok v THL
B/ Wj’é}iglﬁ 59)6 BX(1835)=KK) 076 18 20 2.2 24 26 28
:(331_03b _129)’1(10"3 MKgKg‘n (GeV/c?)

Decay Mode  Mass (MeV/c?) Width (MeV) Product Branching Ratio  Significance

X(1835) 07 KK 18449718 192129 +62 3315033 7198105 > 1290
X(835)  —  wmn 18365£3.0057 1909150 (2.87+0.0910'3) )10+ >200
X(pp) 0 PP 1832:1% 118419 <T6@0%CL. (9 0104¥L8 45 3y:qps  >300

red: PRL 115, 091803 (2015) blue: PRL 106, 072002 (2011) black: PRL 108, 112003 (2012)



BESII Observation of e*e- 2>yX(3872)

Events / 0.001 GeV/c?

B L A A s S R
500 15 ]

=4 Data
100l ©o [ — Total fit
i % i === Background 7
- = 10_— -
300 — 9P I -
200:— :"; : :
| I
C = K 7
100 L ]l Il H -
ceosossostegoommeetl | covsaesevosios SR T
9.66 367 368 369 37 371 3.72 g.8 3.85 3.9 3.95
. 2
M(r*mJhy) (GeV/c?) M(r"J/y) (GeV/icr)

ISR '’ signal 1s used for mass, and mass resolution calibration.
N=1818; AM=0.34+0.04 MeV; Ac,,=1.14 £0.07 MeV

N(X(3872)) = 20.1+4.5 6.3G PRL 112, 092001 (2014)
M(X(3872)) = 3871.9+0.7+£0.2 MeV [PDG: 3871.68 £0.17 MeV]
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0.6

0.4

oB(yX(3872) »yrn'wJ/y) (pb)

Production mechanics

0.5F

= PRL 112, 092001 (2014) 4 gata
- — Y(4260)

N ----- Phase Space
- BGS]]I --- Linear

0.3f

0.2f

0.1f

u. I D
4 4.1 4.2 4.3 4.4 4.5

E.. (GeV)

Fit with different

shapes

* Y(4260): x2/ndf=0.49/3
« E1PHSP: y2/ndf=8.7/3
« Linear: y2/ndf=5.5/2

For the first
time, bring
connections
between exotic
hadrons (X and
Y) I

« Central-of-mass energy dependent cross section peaks at 4.26 GeV
« Strongly suggest the decay Y(4260)>yX(3872)
* The ratio of B[Y(4260)>vX(3872)]~10%.
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D

&»>] Evidence for the X(3823) at Belle

BELLE

arXiv:1304.3975 (PRL111, 032001 (2013))

71167 | B SxavK

4 )
3 0 — _ meas meas PDG

- MX(3823) - MX(3823) MW' T MV,'
‘i‘..>e =3823.1+1.8 £0.7MelV
> 20 \_ J
=
210_ The measured mass

K et e s IS and width are

consistent with the

M, ., (GeV/c?)

missing W,(1D) state

FIG. 4: 2D UML fit projection of M, ,~ distribution for the
simultaneous fit of BT — (Xclfy)Ki and B' — (chy)Kg

decays for My. > 5.27 GeV/ ¢®. The curves used in the fits
are described in [31].

BESIII may search for it!




Hunt D-wave charmonium at BESII|I

1. Both E705 and Belle observed evidence.
[Phys. Rev. D 50, 4258 (1994); Phys. Rev. Lett. 111, 032001 (2013).]

1. Potential model: 13D,2>vy.1,Yx, With large width.

2. Use - transition to produce 13D, with JP¢=2--;
D-wave (L=2) transition Is expected.

Event Selection:

Two charged pions and two leptons from J/y.

Two photons from charmonium transitions.

Using missing mass of wtn~ pair to identify signal
(good resolution).

[ wtny(2S) can be good reference channel. 22



Events / 5 MeV/c?

Observation of X(3823) at BESII|

BGS]I[ PRL 115, 011803 (2015)

: —+D REFPIN: —+ Dat
40F Ve — Fi?ta % 40F Ve — Fi? )
- n - Background S - ------ Background
30; Sideband O 30 Sideband
20F X(3823)
10
8.6 3.7 3.8 3.9 9.6 3.7 3.8 3.9
M__ (') (GeV/c?) M (n*T) (GeVic?)

Simultaneous fit to data sets at different central-of-mass energies.
M[X(3823)]=3821.7+1.3+0.7 MeV (calibrate by y(25)).

Statistical significance: 6.26 (>5.9¢ including sys.), observation
Good candidate of y(13D,), confirms X(3872)#y(13D,)



BGS]]I Production mechanics of X(3823)
PRL 115, 011803 (2015)

3 +data _|* Whether from Y(4360)
2| — Y(4360) or y(4415) decay
; y(4415)

15) * Favor the Y(4360) ? [M.
B. Voloshin, PRD 91, 114029

(2015)]

1f

0.5}

. Y(4360)>n-X(3823)?

o New decay model of

i
-
Ty 1 1 1 L 1 |

oB(r*w X(3823 )—)ﬂ:*ﬂ"}'xc 1) (pb)

42 43 44 45 46 Y(4360)?
Ecm (GeV)
V3 (GeV) £ (pb~ ) Nobs e 146 —— a2 . B, (pb) 0% By (pb) 0P (pb) R

4.230 1092 0.7714 (< 3.7) 0.168 0.755 1.056 0.12732% +0.02 (< 0.73) 34.1+8.1+4.7
4.260 826 11713 (< 4.5) 0.178 0.751 1.054 0.23793% +0.04 (< 1.11) 25.9 4 8.1 + 3.6
4.360 540 3.9792 (< 7.9) 0.196 0.795 1.051 1.107052 £0.15 (< 2.54) (< 2.05) 5864142 £8.1 0.207515
4.420 1074 75755 (< 12.9) 0.145 0.967 1.053 1.237032 £0.17 (< 2.45) (< 0.60) 33.4+78+46 0.39757;
)

4.600 567 1.9719(<5.2) 0.157 1.075 1.055 0.4770:52 4+ 0.07 (< 1.48 104792+ 1.5




B Good candidate for w(12D,)

20 6
| =4=data B == data
15:_ — S-wave MC 55_ — D-wave MC
; | --- D-wave MC ; 4 === S-wave MC
2 1oL o 3
L] Lt . o 2F
Spae ] : -
i I
D_....I....I....I...+. 0:....|....
1 05 0 0.5 1 1 0.5
COSO,, n COSBy 3503,
1. Assume mtwt system is dominant by f,(500)
2. Scattering angle distribution of y(2S) and X(3823) in ete CM frame.
3. Kolmogorov-Smirnov test p-value is given.
4. (Left) mrmy(2S): S-wave (p=0.791), D-wave (p=0.451)->S-wave

seems to be better.
5. (right) mn=X(3823): S (p=0.928), D (p=0.978)—>Can’t distinguish



BESIT |
Good candidate for y(1°D,)

* Mass: D-wave ~3.810-3.840 GeV by potential model.
* X(3823) mass agree with y(13D,) prediction.

 Width: narrow
* X(3823) should be narrow (<16 MeV @ 90% C.L.).

* Production ratio:
* R=B[X(3823)2>7y,,]/B[X(3823)>vy,.,]<0.43 @ 90% C.L.
 Agree with prediction R~0.2.

* Exclusions: 11D,y forbidden; 13D,y 4 amplituge=0.



Candidates/10 MeV/c?

Search X(4140)->¢J/y

5¢
9 -

: 5E wr PRD91, 032002(2015
8F  PRL102, 242002 (2009) | « SEBEOII ey f|(3-1 )
e D 35F '

6 F O 2

- ™ 3F
=13 8 25k
a4t S 2F
3 ‘ |J-‘ H % 15F
2 [l 'II_l ._.._.-] 0 1— ;-'; 11t
3 il S SIS 0 A I N R

1 1.1 1.2 1.3 1.4 1-5 41 415 42 425 43 435 44

AM (GeV/c?) M(0 J/v) (GeV/c?d)

The X(4140) was reported by CDF with
Mass=(4143.0+2.9+1.2) MeV and Width=11.7+83 ; ;3.7
MeV

Controversial: CMS (Yes), Belle (No), LHCb (No), BaBar (no)
BESIIT: different process e'e>y¢J/y 27
No signal, cross section yX(4140)/yX(3872)<10%.



The Y states

(vectors)
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Study of J/¢y — mémta

based on 0.225 billion Jjp events

PRD 91,052017 (2015)

2.6" DDDu:nDn; nnnnnn Oe o = « @ (=3 =l = =)
= OooOoocOocdO00ocO0O0ocoO000dO0Ocooc00COOOao
= (=R = = = = e = R = = = o e e e e o o = e o =

» Y(2175) was observed by BABAR, then confirmed by BESIl, 2.4 | 25c5:2:82855858085505858555%¢
BELLE and BABAR: N [ SS55555555555a80880H858848 s
’ S 2.2 :-055:5:550858008041305:
® [ . 2Scac5Sc35580800080s:
> P : . S pf fiiiizzitboacgcsEr
» Different interpretations have been proposed: — I 3558888882857 (¢)
- . . 5 [ 5:5CGc8cooom. -
ss -gluon hybrid? excited ¢ state? % 18| ssoscsEagaEes”
tetraquark state? AN bound state? = [ cceccosope-
an ordinary ¢f,(980) resonance produced by FSI? 1.6 [ s:s5:a:°”
e
» Confirmation and study of the Y(2175) with a large data . )
M(m*r) (GeV/c?)

sample is necessary for clarifying its nature.

uoY(2175) > e s
Product branching fraction of < :2: 3 tria"iE:ZD'SidEba"d T
Jhp—=nY(2175), Y(2175)—~ ¢f,(980), f,(980)—~mm is & | +
measured to be: (1.20 £ 0.14 + 0.37)x10"4 %; wh T
L% 40 |-
Mass and width are in agreement with previous measurements “b

2 2.1 22 2.3 2.4 25
Collaboration Process M (MeV/c?) ' (MeV) M(o 10(980))(Ge\(,.’02)
BABAR 2] ete” - ¢f, (ISR) 2175+ 10+ 15 58 +16+£20
BESII [3] Ty = nfo(980) 2186+ 10+ 6 65+23£17
BELLE [4] ete” - ¢fy (ISR) 2079 + 1313 192 £231%
BABAR (updated) [5] ete” - ¢fo (ISR) 2072+ 10+ 8 96+ 19 £ 12

BESITI T/w = 114(980) 2004645 104 £15£15




BCSII efFe 2 WY g

Events/{0.005 GeV/c?)

Events/{(0.005 GeV/c?)

PRL114, 092003 (2015)

100

16
14 423 N

- Ba k round fit -
:E an 80 —4— Data
8 [ S
8 60 ﬁ\ Resonance
4 B == Phase Space
2 -
0 40
3.

' ' =)
EI al l 5
i ] T i —-
u : ) :,. n? v S ]
256 33 335 34 345 35 425 33 335 34 345 356 E?U B 1
M(r*) GeV/c? M(K*K) GeV/c? S, ¢ [ I
] e
' [ / IR Il T [
| Ty ¥ -
: ©
S o]

10
g - - e
7E 3 OF
of 8k -
2k 6k 20
aF 4 3 :
% 2 ; -40 Il I I 'l 3 Il 1 I " i I 1 I 'l il i 1 I 'l Il 1 I I It i i 1 I I 3 il I
0 i s 0 415 42 425 43 435 44 445 45
425 3.3 335 34 345 3.5 325 33 335 34 345 35
M) GeV/c? M(K*K) GeVic? s (GeV)

 Using scan data over 4.21 and 4.42 GeV, e+te->wy o are
significant @ E_=4.23 & 4.26 GeV.

* Cross section peak near 4.23 GeV, fit with BW yields
Mass=(42301=8+6) MeV, Width=(38 :12+2) MeV.

* A new structure? Tetraquark [PRD 91, 117501
(2015)]? Threshold effect?
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a(xn'n h)pb

o{m'=m h_Vpb

Fits to e*e'— n*nh, and @y

LB LA IR L R L0 L AL IO LI L L L v rad
Chin. Phys. C 38,'043001 (2014) PRD91, 117501(2015)
80 I s(m)=lc-v/ PS(m)+e'* BW (m)\/PS(m)/PS(M)|? F o
M=4216+7MeV/c2 “ A
- —~ 60
60 1 r=39+17MeV gt
’50 40:
40) 7.1c r Tor
C o 208
20 - or
P R R E P B oglile v v by b b e b 1
e 4.20 4.25 4.30 4.35 4.40 3.9 4.0 4.1 4.2 43 4.4 4.5
0 - |1 PR (P TR VS Mz @) (GeV) M(h_rn) (GeV)
a(m) = |BWi(m)- v/ p(m)/p(M;) + ¢ BWa(m) -/ p(m)/p(My)|*
SU 60:—
M=4230+10MeV/c? g o 8
) L B
60 ['=12+36MeV < 2 b
o [ ;
v T %
40 C
-20—
P R R B R s T R SR BRI ETEN SR R AR A
1” 4.20 4.25 4.30 4.35 4.40 3.9 4.0 4.1 4.2 4.3 4.4 4.5
- My o) (GeV) M(h ) (GeV)
0 = P

S8 a0 41 B0 Bk Ak aw as e Fit with two different scenarios
A tetraquark? (arXiv: 1412.7196) - Three body PHSP + a narrow resonance
w(4S)? (arXiv: 1405.3831) ~ Two resonances

Threshold effect? ... Very likely a narrow structure around 4.23GeV



Entries/20 MeV/c?

Observation of e*e> nJd/y

— Belle
—— BESIII(2012)

H %L —+BESIII
preliminary

er JFWL - L ¢Jrl+

100 -
PRD87,051101(R),2013 ) -
o 80
o = -
[ > 60
20| - H_j - T
! 1 & 40— L
| NI
10 ' 20 - T
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425 4.5 475 \6’ 0 - IT
M(nJ/y) (GeV/cd) 20
o
Y(4040) and ¥(4160) with 3
interference

co v by by by by b b
8 39 4 41 42 43 44 45 46

\s (GeV)

» Agree with previous results with improved precision

» The cross section peaks around 4.2 GeV

» Analysis of high energy points underway at BESIII



B‘GS]]I Observation of e*e> n'J/y
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BESIT Observation of e*e=> n'J/y

. BESIII | |
L T

....... *{ ‘.*.P

—
o

an

1
N

423 GeV: 6=3.1406+03pb

. 426 GeV: 6=3.9+0.840.4 pb

Born cross section (pb)
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» First observation, cannot tell the line shape due to statistics



Events / 0.005 GeV/c?

Isospin violation Y (4260)2>nnJ/y

6"
(N5 =4.230 Gey+Da
u — Sideband
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3

Gafrn(e*e'-mn“‘]lw) (pb) at 90% C.L.

e b b
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5

No significant signal observed with current BESIITI data !
Can not provide effective constraint to models...
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What are the Y states?

4700 7 Y(4660)
3 E 25+1
y . n L
L . i
450? w(4415) =
: Y(4360)
4300,- Y (4260)
s w(4160)
i | *, Y(4008 W(4040;
8 *e : ( ) ’o‘ — Xcz (23P2)
>3900- ., .
. y (3770)
3700 __ﬁc_( 1..8_) ______________ (._238._1)_ ...............
: Xez (1°P2)
3500 - ha(1Py) i 1P
Yo (V)
3300 -
3100 - N (1180) J/W(1 S )
2900 s | | 1+ ++ |
gt = % | g

Between 4 and 4.7 GeV,
at most 5 states
expected (3S, 2D, 4S,
3D, 5S), 7 observed

Hybrids are expected In
this mass region

Molecular states?

Cannot rule out
threshold effect/FSI/...

The Ys are all narrow
and similar

n*nh,, oy, ... add
complexity



Bellell is very promising with ISR method

3000 F T TS
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E 1000 - - - R i
> - BESIII level | : 2020 :
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The Z_ states



Discovery of Z,(3900)+

Z.(3900)*:
m = (3899.0 + 3.6 + 4.9) MeV/c?
[ = (46 + 10 & 20) MeV

Mass close to DD* threshold

Decays to J/y - contains cC
Electric charge - contains ud

Events / 0.01 GeV/c®

100

80

BESIII: PRL 110, 252001 (2013)
B —+—Data

— Total fit

---- Background fit

i_ B€S]]I - PHSP MC

3.7 3.8 3.9 4.0
M, (t5J/y) (GeV/c?d)

glete” = 7trJ/1] =629+ 1.9+ 3.7 pb at 4.26 GeV

oglete™—n*Z.(3900)F —»ntn—J/y]

FleFe- snFa=J/Y] (21.5£3.3£7.5)% at 4.26 GeV

Belle with ISR data (PRL 110, 252002)
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CLEOc data at 4.17 GeV (PLB 727, 366)
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Events/(10 MeV/c?) Events/(10 MeV/c®) Events/(10 MeV/c?)

Neutral isospin partner: Z_.(3900)°

ere >n'n’J /vy

’r

e

(a) 4.230 GeV, 1091.7 pb'
PRL 115, 112003 (2015)

+ (b) 4.260 GeV, 825.7 pb'
Mass near DD* threshold

A neutral structure on n°J/y
invariant mass is observed |
An iso-spin triplet is established !

M =38948+2.3+3.2 MeV

=29.6+8.2+8.2 MeV

Significance = 10.4c

Molecules? Tetraquark?
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4.0
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12 CLEOQO’s data

" ¢+ Data

:_ ---- Phase Space @ 4.17 GeV
Fit
gl = J/y Sidebands
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e*fe > (DD*)*r~+c.c. ?
BESI o 112, 022001 2014) e _arXiv: 150901398
90 LN ]

(o))
o
[
=

80 Single n*D°tag 240; ®
70 @ 4.26 GeV % -
B

=]
LI —

3.95 4 405

B
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. ] . 4
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N
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2 T Zob st ;
100:_ Slngle D" tag o 39 395 4 405 4 9 385 4 Y mawa
% @ 426 GeV M(DD") (GeV/cd) M(DD") (GeV/c?)
g: oF Single tag Double tag
< 60F M=3883.9+151+4.2 M=38817+16+2.1
e T MeV MeV
& o [=24.8+3.3+11.0 MeV |[1=26.6+2.0+2.3 MeV
= _ JP=1 JP=1+
Pt o s ¥ ~+5 Good agreement between ST & DT method

Z.(3900) vs. Z.(3885) > Same resonance ?!



BGSIlI Neutral iso-spin e*e-=>(DD*)n%+c.c.

Partial reconstruction
method - Single tag

M=3885.743 5, +8.4 MeV
=351 ,+15 MeV
Significance: >10c

E arXiv: 1509.05620ata
>80 — Global Fit
E --- Signal
60 ¥ Incl. Bkg
@
£40
(1]
=
Ll
20
0 F ' -
3.85 3.9 3.95 4 4.05
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M{DB*'.I {GEWG )

¢

Good agreement between
neutral state and charged
state

An iso-spin triplet
established in DD* channel

Might be same as Z_(3900)

Molecule state? Tetraquark?




3L ere>nth, & n0nth,
PRL111,242001(2013) - | BGS]]I
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i ~~. Charged Z_(4020)*

f5 4o 405 410 ads “43"Tas Mass=(4022.9+0.8+2.7) MeV

PRL 113,212002(2014) -,

45|

e e
Mass near D*D* threshold Width=(7.9+2.712.6) MeV

< ¢ Partner of Z,(3900)? Significance: >8.9¢
> z: Molecules? Tetraquark?
©
g Neutral Z (4020)°
3 (~~~__  Mass=(4023.9+2.2+3.8) MeV
S :: Width: fixed to charged
= partner
% 39 395 4 405 41 41 425 Significance: 5o

MY (GeVich) An spin triplet is establlshed l




BESII e*e>n (D*D*)*/n°(D*D*)%+c.c.

arXiv: 1507.02404

b Hdata  —-zozs) | GT30FT T T T T T T4 23GeV+4.26GeV ]
< 70E — total fit -~ comb. BKG S i —— Data ]
§ 60_— ----- PHSP signal g .......... Signal

ws B B Back ds_|
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~ 40| c |
= 30] L% 107 -
5 20| :
> B
LL 10; 0_
2 A 402 404 4. 06 4. 08 4.1,
402 404 406 408 RM(n®)(GeV/c?)
RM() (GeV/c?) Neutral Z (4025)°:
Charged Z.(4025): M=(4025.5*20 , -+3.1) MeV
M=(4026.312.6+3.7) MeV | Agrees !/ =(23.0+6.0+1.0) MeV
['=(24.845.6+7.7) MeV Significance: »5.90
Significance: >10c New isospin triplet?

Z.(4025) and Z.(4020) have similar mass, but different width.



What’s the nature of these Z states?

- At least 4 quarks, not a conventional mesor

 Tetraguark state?

Phys. Rev. D87,125018(2013); Phys. Rev. D88, 074506(2013);
Phys. Rev. D89,054019(2014); Phys. Rev. D90,054009(2014); etc

. D™ D™ molecule state?

Phys. Rev. D 89, 074029 (2014): Phys. Rev. D 88, 074506 (2013); etc ..

Phys. Rev. Lett. 111, 132003 (2013); Phys. Rev. D 89, 094026 (2014)
o FSI?

» Cusp?



We found more questions to answer

In the X sector

— Where the X(3872) & X(3823) come from? Resonance decays or
continuum production?

— May other X states be produced and where?

In the Y/ sector
— Is the Y (4260) a single resonance? Is Y (4008) a real structure?
— Does the Y(4360) decay only to wmy’? Not to nJ/y ?

— What is hidden behind nmh,? Large coupling to spin-singlet, is a hybrid
state observed?

— Correlation between charm production & charmonium transitions?
— May we observe the charmonium 33D, state at ~4.5 GeV?

In the Z sector

— Are the Z_,and Z_’ from resonance decays or continuum prod.?
— Are there excited Z, states and Z_ states [D*D, or DD *]?

In the C sector

— Charm spectroscopy: D*, D,, D,, D,, D, Dy, Dgy, ...

— Charm decays: D, and A, samples are too small ...



Summary

BESIII produces significant XYZ results...

X & Y states are difficult to distinguish from

normal meson, charged Z, states provide solid
evidence.

Quark composition is still puzzling.

More results are coming, we would finally
understand them.

Thank you (##)! -



