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Introduction

Hadrons in quark model

Why there are only two types of hadron?
» Other types of clusters were probably broad
» Strongly mixed with conventional hadrons
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Introduction

Hadrons in quark model

Recent discoveries of charged heavy quarkonium

prove the existence of new type of hadron.

This talk will include:

 The discovery of charged charmonium-like states
Zc and Zc’ at BESIII.

« Some new features of the X and Y states.

* Relationship between the XYZ states.
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Exotic Charmonium

Strong coupling to hidden-charm states
[CEEREI | Narrow resonance

44 |- [gsg | W01 \[ Charged states can’t be formed by quark-antiquark
Xe1(32F3

x=3% Can’t be assigned as conventional charmonium
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Most states observed in e " e~ experiment
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BEPCII & BESIII

Beijing Electron Positron Collider Il (BEPC Il)

* A unique e*e- machine in the T-charm en
CLEOc.

region until

« /s =2~4.6 GeV
« Taking data from 2009-now

Performance comparison
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o(dE/dx)

o(E)/E

o(t)

BESI|
— BESII
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XYZ Physics at BESIII

= 0.5fb1 |5
1.0 fb? . @0 ] ¢
From 2013, BESIII start to §\ o
operate at VS > 4.0 GeV for 0.5 fb-l \ o 0.t
XYZ physics P ] 2.3fpl |
E ¥ @4230/4260
| < * <BE
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« Search for charged Z states LA "y
in di-pion transition. ST E—— Ll
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c RRERRVNL.
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000 %
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Situation of XYZ physics before 2013

 we can not exclude XY states form conventional
charmonium definitely.

« Charged charmonium-like states are only observed by one
experiment.

* Investigate e*e™ —» ¥t J /3 at peak of its production cross
section to search charged exotic state.

. I/
et ‘Eé e
—— G—
\ =

DIS2016 @ DESY 10



Discovery of Zc(3900)™

Break through in 2013 !

A new charged charmonium-like 70
state, named Zc(3900), is
observed at BESIII

e Also observed at Belle and CLEO
experiments.

ete” >Y,pd/Y T
PRL 110 252002 (2013)
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The first Z state observed by more than 1 experiment ! ) (M)
New type of hadron beyond meson and baryon exist !




Discovery of Z¢(3900)°

3 12 ¢ Data
.- Phase Space |
. If the Zc(3900) exists, its iso- 2 9 " 3.70!
spin partner should be found in g 8 T "von® CLEO
the ete™ —» n®n’J /3 process. 3 o PLB 727 366
« CLEO and BESIII confirm the 1 .
existence of Zc(3900)°! 21 | .
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The iso-spin triplet Zc(3900) state has been established!
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Discovery of Zc(4020) (Zc’)

» Following the observation of Zc(3900), the Zc(4020)* and
Zc(4020)° are observed in the ete™ - m*n"h.and ete™ - n’n’h..

PRL 111, 242001 PRL 113, 212002
’Q 120 4230 + 4260+4360 MeV 45
> 4 Zc(4020)°
CS 100 R 4230 + 4260+4360 MeV
S > preliminary
e o
2 =
o =
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- 9]
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4°15M 4.(2(§)ev}c%.)25 0%5 39 395 4 405 4.0 405 42 o3
n*h,
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The iso-spin triplet Zc(4020)
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Study of open charm decays

« Zc(3900) is just ~20 MeV/c2 above the DD* mass threshold.
 Zc(4020) is also slightly higher than the threshold of D*D*

- One natural explanation is that these Z states are S-wave
DD* and D*D™ molecular states or molecular-type
resonances.

* Investigation of open charm decays of Z may be helpful!
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Discovery of Zc(3885)i

* Probe the process: efe™ - nt(DD*)*
 Charged narrow resonances are observed in the DD* system,

named Zc(3885)™.

PRL 112, 022001 Phys. Rev. D 92, 092006
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Discovery of Z¢(4025)™

» Charged narrow resonance are observed in the D*D* system
in the e*e™ - n*(D*D*)T, named Zc(4025)".

PRL 112, 132001(2013)
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Observation of their neutral partners

- As expected, neutral Zc(3885)° and Zc(4025)° are also
observed in the D°D*? and D*°D*? system.

Phys. Rev. Lett. 115, 222002 Phys. Rev. Lett. 115, 182002
SOf S 30F T T T T T 4.23GeV+4.26GeV ]
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Summary of Z - resonant parameters

Mass
45— ]
3.53—
3 —.
Z¢(3900)>%
2~ ——
15
15— L
PR [T TR T T T ST SN ST S N T T T TN AN ST ST S T N S SN SN SN ST SN SO SO S NS
3875 3880 3885 3890 3895 3900 3905
M(Z_/ MeV/c?)
Graph
4 »
35
35— L]
Zc(4020) ¢
2.5_—
o i
1.55—
1= B
IR SR N SN TR TR N TR T T N SN SO SR SN SR SR S SN SR S SN S S
4020 4022 4024 4026 2028 4030
M(Z_./ MeV/c?)

7¢(3885)0 <

3.5

Zc(3885)% o

25

Zc(3900)° 2

1.5

Zc(3900)* F

I'(Z./ MeV)

Graph

7c(4025)° 4

3.5

Zc(4025) 0

Zc(4020)° 2
15

Zc(4020)* £

25—

DIS2016 @ DESY

5 10 15 20 25 30
I(Z / MeV)

35

18



Summaryof Z - J°
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JP A(—2InL)  significance
data clearly favour J© = 1+ 17 over 0~ 89.0 730
for DD* structure 1+ over 1~ 214.0 >80

1+ over 2~ 103.6 >80

1T over 2+ 387.0 >80

confirms J° for Z;(3885) from single-tags
Both Zc(3900) and Zc(3885) favor JP=1*

Data clearly favours J° = 1+
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Search for X(4140)
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CDF, PRL 102, 242002, (2009)

CDF first reported evidence for X(4140) - J/Yp¢ in B+ > J/pPK*,
also claimed by DO and CMS.
Not seen by LHCb, Belle (B decays and yy events), or BABAR

N
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Search for X(4140)

5E
N 450 BESIII, PRD 91, 032002 (2015)
5 wn BESII
& 35F Use BESIII's large data
o 3F samples from 4.23 - 4.36
S 25F GeV (2.47 fb-1in total)
2 2f et Search for X(4140) in e*e-
g 15¢ >vJ/po
o 1E e ¢ oo s |o s o o
> =l
o5 Afl =
U1 415 42 425 43 435 44

M(¢ JIy) (GeV/c?)

5/ GeV 4.23 4.26 4.36
o x B(X(3872))/pb 0.27+0.09 0.33+0.12 0.11+0.09
o x B(Y(4140))/pb < 0.35 <0.28 <0.33
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Observationof e"e™ —» yX(3872)

M(n*nJ/P)inete” - yntw )/

Al l Ll

15k ' * PRL 112092001 (2013)-
BESTT ™

RS — Total fit
g 10 . == Background N
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k2.
S 5
>
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I L R S L Al
8 3.85 3.9 3.95

M(r*md/y) (GeV/c?)

Analyze ~2.9 fb-1 data at 4.009, 4.23, 4.26,4.36 GeV
e X(3872) was observed with 6.30 significance.
e M[X(3872)]=3871.9+0.7+0.2 MeV, <2.4 MeV @ 90% C.L.
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Observationof e"e™ —» yX(3872)

Cross section
Central-of-mass energy ete” = v X(3872) = vy~ JA)

dependent cross 0.6 o
section peaks at 4.26 S osh — Y(4260)
GeV. \ --- Phase Space
S 0. --- Linear
+= ”
: s -
Suggest that there might 1 °°F
be some commonality in § ozf
the nature of the X(3872), X ok
Y(4260),and Zc(3900) % | .-~
0.};‘7---:";"1' N - N o
4 4.1 4.3 . 4.5
Zc is also produced in E.. (GeV)

Y(4260) decay!
(4260) y —> Suggests production in Y(4260) decays
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Observation of X(3823)

30r
I M = 3823.1+1.8+x0.7MeV
>
gzo [\ 3.80
310 :
o T
8 ; H B y - 9| |
O +% e T

" 375 38 385 39
ch1 . (GeV/c?)

Using full Belle data set of 772 x 106 BB
events B - KyXc1

« Simultaneous fit to B+ and B°
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Observation of X(3823)

Mec(n ) inete” > M W yXq With xcq - VI/@
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Observation of X(3823)

Mass and width:
In agreement with potential
model prediction for 13D,

JP by exclusion:

« 17D, - yX.¢ forbidden

* 13D; - yX.q expected to
be small [PRD72 054026]

Events / 0.1

Good candidate for ,(13D,) !

6/ - —+— Data
BES]]I — D-wave MC
al - S-wave MC

ot
Ojr N D D N o

1 05 0 05 1
Cc0osO

Angular distribution 6 = Z (rtmt, Y,)
assuming it systemin S-wave: 1 +
cos20 for spin 2
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Studyof et e™ - nJ /P

Measure the cross section of ete™ - nJ/¢
Understand its production mechanism

220 | \'s = 4.230 GeV

T BESIT |+

S —— Total fit

o 160 1 Background fit
O 140 I Sideband

© 120 4

£ 100

,g 80 )

o 60

_ & 40
2 9 N Ll J {’ 4 He
0 010203 04 05 06 07 08 09 82703 04 05 06 07 08 09
M(yy)(GeV/c?) M(yy)(GeV/c?)

PRD91,11, 112005
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Study ofete™ — ]/

« Compare to e*te = y,ggNJ/P 100 [~ —+ Belle
from Belle, [PRD 87, 051101(R) ’.g_ 80 5 i —4- BESII(2012)
(2013)] Good agreement, g : 1 —+- This work
significantly better precision § 60 H BESIII
= 401 |
« Cross section peaks around T B T
, 20
4.2 Ge\/. +Q) N B .]. -l-.l. -[_
e oh | e
© B
* Also searched for ete- - 0L
n%J/Y: no significant signal 38 A A A A A3 aa as de
found

\s (GeV)

DIS2016 @ DESY 30



Studyofe™e™ - n'J/¥

Events/5 MeV/c?

Search for ete™ - 1] /5, and
measure the cross section at
each /S .

n’ is reconstructed by n*n~y and
nhT

—
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e e
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3 3.023.043.063.08 3.1 3.123.143.163.18 3.2
M(I'T) GeV/c?
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Studyof ete™ —» n'J /P

RN
o

o
K I]TIITII'IITI'IITTIITTI'IITT

Preliminary

(&)

Born cross section (pb)
n

N
o

415 42 425 43 435 44 445 45 455 46
E.m (GeV)

BT L

Cross section(pb) 34.1 <53 242 <147 164 <4.0 26 <58,

Lower than NRQCD calculation. (PRD 89, 074006(2014))
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Studyofe™e™ - wy
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Studyofe™e™ - wy

31 a(ete” = wxe)

o(e’e” - wxe)
Coherent sum of y(4415) BW and PHS

o .

S 60 5 . .

~ 40: A Phys. Rev. Lett. 1 PS modified BW with
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JHEP 1307 153 (2013)

* Inter structure of Z? = | S
 Hadronic molecules 050} o
+ Tetraquarks e T AasES
- Hadro-quarkonium | .
ssof  xev2) Ziso00)
* Relationship between Z and X?  * —observed o predicted

* One possible scenario
* Need more evidence

* Is Y(4260) a resonance or there have fine structure? More Y
states?

* More exclusive process & better precision
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BESIII have made great contribution in exotic charmonium
research since 2013.

»Z

« Observation of Z(3900) provides strong evidence for the existence
of tetra-quark states.

« Systematic study of Z(3900) and Z(4020)

»>X

 Radiative transition between Y and X
* Observation of X(3823)

>Y

* More fine structures are observed in many exclusive processes

With the coming larger data, more exciting physics results will
come soon!
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11 countries
58 institutes

The BESIII collaboration

~450 members




Back up
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