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The charged and neutral Zc states

at BESIII
Pe1-Rong Li

University of Chinese Academy of Sciences, Beijing
(On behalf of the BESIII collaboration)
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il Outline

* Introduction
* The BESIII Experiment
* The Z_ states

* Summary
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BESII

Constitution of hadrons in QCD

Baryons are red-blue-

\ Mesons are color-
. triplet : | | d
‘ ‘| green triplets ordlnary matter anticolor pairs ‘
A=usd

n=ud

Other possible combinations of quarks and gluons :

Pentaquark | ‘ Glueball
S=+1 ‘. ’ Tightly bound ‘ Color-singlet multi- §
Baryon “L 6 quark state gluon bound state

Tetraquark Molecule

Tightly bound 4

H di-Baryon

qq -gluon hybrid

loosely bound mesons

diquark & [ meson-
anti-diquark |

antimeson
“molecule”

However, none of them are established and they are exotica!!!
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- 2004: started BEPCII upgrade
7 BESIII construction
' ‘ ™ 2008: test run
BESIII _ % y 2009 - now: BESIII physics run
detector

SR T . DS TR, WO e

1989-2004 (BEPC):
Lpeak=1.0x10%! /cm?s
* 2009-now (BEPCII):

Lpeak- 1.0 x1033/cm?(4/5/2016)
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BESII
Features of the BEPC Energy Region

= Rich of resonances: charmonia(-like) and charmed hadrons
= Threshold characteristics (pairs of t, D, D, A, ...)

= Transition between smooth and resonances, perturbative
and non-perturbative QCD

= Energy location of the new hadrons: glueballs, hybrids,
multi-quark states
7
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BESII

The Zc states

Z states: charmonium-like states carrying
electric charge; must contain at least cc and
a light qq pair
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BSIL 7¢+(3900) discovery

100/l Significance + Data Mass = (3899.0+3.6+4.9) MeV
“ >80 - Toralft Width = (4610+20) MeV

---- Background fit

== PHSP MC

o
o
T ] —

c) Z (3900)

Events / 0.01 GeV/c?
NaN (o))
o o

N
o
T T T

o

3.7 3.8 3.9 4.0
Minax(mJ/y) (GeV/c?)

* Couples to cc
e Has electric charge 1
=» consists of at least four quarks of ccud

from APS/Alan Stonebraker
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Events / 0.02 GeV/c?

70

—+4-data
— Fit

— Background

60
50
40
30
20F T,
100

---- PHSP MC

4.1
Mnax(TJ/Y) (GeV/c?)

37 38 39 4

Mass = (3894.51+6.6+4.5) MeV
Width = (63+24+26) MeV

Consistent results from other electron-positron annihilation experiments!

T

Pei-RongLi

Counts/10 MeV

- ¢ Data M(Z:(3900))=3884.6:4.6 MeV
35 --- Phase S
- m . 81+20events

6.1

105—{ } l-'éz'- I
' |....|....§|VHL.

3800 3900 4000
Menax(T°J/y) (MeV)

14 N VR T TR S N Y T
%500 3700

Mass = (3885+51+1) MeV
Width = (34%12%4) MeV
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BESII

Nature of the exotic Z¢"(3900) jx

> |ts mass lies close to the threshold of m(D)+m(D*)

pD* molecule? tetraquark? and other scenarios:

e Cusp?
e Threshold effect?

%

> Other decay mode of the Zc(3900)7?
> Partner(s) of the Zc?
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L% M=3883.941.5+4.2 MeV:;
g 70 ['=24.8+3.3+11.0 MeV
60
N
2 30
If Z.(3885) is Z.(3900): § 20
- D 10F |.
= [(2.(3885) > (DD")") —62+11+27 385 390 3.95 4.00 405 410 415
['(Z:(3900) - m*]/y) M(D°D*) (GeV/c?)
0.5 N
g |- Angular distribution 2 100f
e LRGN =%
8 o N
Lot 0 ) 40'
% 0.7702703 04 05 06 07 08 09 'E' -
|cos 6, g) 20k
o(ete— 1 Zc(3885)+, Zc(3885)+—> (DD*)+ +c.c.) 3.85 3.90 3?3 3.00 4.05 42.10 415
B M(D"D*) (GeV/c®)
= (83.5%6.6%£22.0) pb

— e
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BESTI Structures and Cross sections in e'e” >mwwh.(1P)

No significant Zc(3900) signal is observed

Reflection and possible ete~ — wtmhe(1P) at BESIII
Z.(3900) signal 90¢
—~ S0 —— o(e*e->m*nh,) BESII
N% 1205_ Z.(4020) g 705_ —5— ofe*e->n*Z,(4020)+c.c.) BESIIT
; 100:— .S 6 0;_ —#&— o(e'e->n*n’h,) CLEO-c ! ]
S w0 2o B S s ] |
I - . > i I".-.. 7 L : -
Bl Eakiing : 0 l [
= . 98 39 a0 4l o 30
40 + - M,., (GeV/c?) 5 0k
C A s %
# : 00 ;o Py
ST, PR ST S E N B B
5 400 405 410 415 420 425 0~4.0 41 42 43 44
M., (GeV/c)  Egy(Gev)
Simultaneous fit to 4.23/4.26/4.36 GeV data and 16 m_ decay modes: 8.9c
M(Z.(4020)) = 4022.9+0.8+2.7 MeV; I'(Z,(4020)) = 7.9+2.7+2.6 MeV

<13 pb @4.23GeV

olete” — 157Z,(3900)F — ntrh)
<11 pb @4.26GeV
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assume it as a particle, Zc(4025), and fit
to the 7~ recoil mass distribution

resonance parameter:

80 —4—data  —- Z.(4025)
w_ 70 total fit - comb. BKG m(Z.(4025)) = 4026.3 +2.6 + 3.7MeV/c?,
S m®) +m@) - PHSP signal [(Z.(4025)) = 24.8+5.6+7.7MeV. '
§ ()UE I H -WS
S0 >
& 40} 100 401+47 Z (4025) events
— 30}
s 20} o(ete”—(D*D*)*7T)
W op =(137+£94+15)pb
4.02 4.04 4.06 4.08 \ , |
RM(%) (GeV/c?) o(ete” > 2F(4025)nF - (D*D*)ExTF)
o(ete——=(D*D*)Tn¥)
_ = 0.65 £+ 0.09 £+ 0.06
7.(4020)=Z,(4025)?

Coupling to D*D* is much larger than to n'h,.if they are the same state
Pei-RongLi Hadron2017, Salamanca, Spain 12



Pei-RongLi

4 — — p At A— — /N 4
7c(3900)* efte” — m—atJ/ Zc(3885)r e'e” — m (O0Y)
100 PRL110. 252001 —4- Data 90fPRL110, 252001
o - . 8ok M=23883.9+1.5+42 MeV
% 80 :_ Zc(3900) -- 2:(;kpg:;nd fit %) 70;_ '=248+33+11.0MeV
9 60: + [ sideband 5 60F- PRL 112, 022001 (2014)
o =
s {1 2 of
ﬂ 40_ A R0 e T GC, 305_
§ rd h i 205—
m 203 3
i) 10 | .
. 3.7 3.8 3.9 4.0 P39 3.95 4 405 441 4.15
Max(vJip) (GeVic?) M(D’D*)
e — 4 + a— —(D*D*\+
Zc(4020)* eTe” — - mth, Zc(4025)* efe — 7 (zf()mgs) )
¢ 120PRLT11, 242001 o 7o RN comb. ae
é o = F ----- PHSP signal
§ 100E > 605— I ws
S 80 = 50p
g 60? + : > 40?
= 0 .. + B 88 39 40 a4l [ 30p
1} M, (GeV/c?) S 20
20__ + + LI>J 10; 7
P95 400 405 410 415 420 425 402 404 406 408
M, (GeV/c?)

RM(t) (GeV/c?)

Searching for isospin partners of these states are important to identify
the nature

Measurement of their quantum numbers

Hadron2017, Salamanca, Spain
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BESII

Search for Z.(3900)%in
ete” - m nOJ/lp

PRL 115, 112003 (2015)

Search for Z.(4020)%in
ete” > m nohc

PRL113, 212002 (2014)

M = 3894.8+2.3+3.2 MeV/c?
I =29.6+8.2+8.2 MeV

h, reconstructed through E1 transition h_ - yn_, reconstructed
from 16 exclusive hadronic modes.

(a) 4.230 GeV, 1091.7 pb’

M = (4023.6+2.2 + 3.9) MeV/c?
Width fixed to the Zc¢(4020)*

-~

“: 70

2 &

g 40

< 30

% 20

2 lg asE"

G 40 - 40

S 35 R3) 35:_ Z (4020)

o 30 ~ C

= 25 > C

S 2 é 30t

g 1 = 255

g 10 < T

g 3 S 2

& 18 & =2

2 16 S 155

o 14 > 10~

=) = E

o 10 =

=) SE

Z . :

5 gi %5 39 395 4 405 41 41

o 2F . . M5l (GeV/e?)
3.8 4.0 4.2 T max

M.y, (GeVic?)
Evidence for neutral isospin partner!
[T. Xido et al,, PLB 727,366 (2013)]

[sospin triplet is established: Z.(3900)*° & Z.(4020)*"

Pei-RongLi Hadron2017, Salamanca, Spain 14



BES]]I Search for Z.(3885)%in Search for Z.(4025)0in
ete” » m°(DD")” ete” > m°(D*D*)°

PRL 115, 222002 (2015) PRL115, 182002 (2015)

- N

[ q-) D'Kmm, Knnen?, Ksn, -
\ P Ksr* n° Ksrmn*n-
Doél( *, Knn®, Kne'mr 5y T -\

»”

(“J-'m/}:—’) D*->Kn'n* “'\f-/o/f.—’\'
DK n*, Kn'n®, K-nn*n*

Sal T, T T T
e- % L 4.23GeV+4.26GeV i ]
/ 2 [ (a :
\ - g R % 10F
= ‘UE’ 20_— g g P S —
e+e— N D+D*_1TO N D+D0n—n0 :>_|) L ' 15F -l- i::s.zssev-
— A “ 10_ . J =
+4.3 i k 5f P 1
POle (3885 7_5 7_8 4) MeV/cz I 0 402.];04;;);408' 41 |
<80 pole = (35+%%i15) MeV or NAS o RMEGeViE)
(&) L .
S b - ]
[} - A . an
S 60 B Incl. Bkg - L
o 0 i L el 1 ! el ed o Y- -
- 4.02 4.04 4.06 4.08 4.1
P RM(x°)(GeV/c?)
S _ +2 0 2
s pole = (4025.5729%43.1) MeV/c
: > e = (23.06. O+1 0) MeV
3.85 3.9 3.95 4 4.05 P° ¢

M(DD*) (GeV/c?)

[sospin triplet is established: Z.(3885)* & Z(4025)*"

Pei-RongLi Hadron2017, Salamanca, Spain 15



BESII

e'e 2> (DD*)'n+c.c. ( DT method )
PRD92,092006 (2015)

e"e‘—>n+D°D" 60
o [ S
N N
> [ >
Bt s
e T A S N 039 395 4 . Yl
M(D'D"™) (GeV/d) M(DD™) (GeV/c?)
Lt Double(;raé @
s | =
S 20 <
T [ ] N
Z 1 2
e - T T R Y I Sy s
M(D’D") (GeV/c) M(DD") (GeV/cd)
PRL 112, 022001 (2014) PRD92,092006 (2015) _
Single tag Double tag

—— M=3883.9+15+42 MeV | M=3881.7+1.6+2.1 MeV
Z,(4020) > DD"isnotobserved | | =24 84+3.3+11.0 MeV | I'=26.6+2.0+2.3 MeV

I'(Z;(4020)->DD") P_qs P 1+
[(2.(3885)5DD") 0.13 Jr=1 J'=1

Good agreement between ST & DT method

Pei-RongLi Hadron2017, Salamanca, Spain 16



Process

Z.(3900)*  3899.0+3.6+4.9 46+10+20 nt] /Y ete > ntn~J/Y

Z.(3900)°  3894.8+23+27 29.61+8.2%8.2 ] /Y ete” - 7m0 /y
3883.9+1.54+4.2 24.8+33+11.0 (DD*)*  e*e” -» (DD*)*n™
Single D tag Single D tag

Z(3885)" 3881 7+16+21 26.6+2.042.3 (DDt e*e” —» (DD*)in*
Double D tag Double D tag

Z.(3885)°  3885.77%3+84  35tll41g (DD*)°  e*e” —» (DD*)°n”®

Z.(4020)*  4022.9+0.84+2.7 7.94+27+%26 nth, ete” > mntn~h,

Z.(4020)°  4023.9+2.2+3.8 fixed mh, ete” > nnCh,

Z.(4025)*  4026.3+2.6+3.7 24.8+56+7.7 D*D* ete” » (D*'D)In ™

Z(4025)°  4025.5720+3.1 23.0+6.0+1.0 D*D* ete” - (D*D*)°n?

Which 1s the nature of these states?
Different decay channels of the same observed states? Other decay modes?

Pei-RongLi Hadron2017, Salamanca, Spain 17



BESIT Spin-parity determination of the Z7 (3900)

« Zc line shape parameterized with Flatte-like formula ~ PRL 119.072001 (2017)

1
BW(s) = ‘
4.23GeV &)=+ i(91Pra/4(8) + 930D+ D(8))’
N‘SJ 300%— ===z S-Wave Jy + ( ) ‘§ K::(;_ o ;[!;152%;:/&“:"“)* (b) g o T
G ok w1z dy } K : e ZiHCC, (7) sl | | __+__ ______
N wf forres 0 250t = I—+—___'____‘ ............. =+=
= L —total P 9 ok Z 300 B
< 150f ' o T w e rrarn oo TIT wimieianie
N A < 150F E e
R L l @ 100f » I
WO e e g % w0 L ot (a)
w9z 04 06 08 10 12 ﬁ 43
m,... (GeV/c?)
JP=1+
o o 4.26Ge
S 160F ---mSWavedny (©) S 180 --;:(g;;;:/ewdlw @ g
8 0| - tzr0) d 8 160 - | e ZTHC. <
Q 120F -z - P T S—— .
g 100 — tota ) 100 E 300 e e e
: o % :
E 2 Zg 150 n‘t‘{ : =
~ G o & o A ool DI
w o %54 a6 a8 40 T 50|' | | |
M e (GeV/c?) % 0z 04 06 08 10
, lcos(6 J/w)l
Hypothesis A(—21n L) A(ndf) Significance JP is measured to be 1* with
+ — . .
17 over 07 940 13 7.60 significance larger than 7.60 by
1t over 1 158.3 13 10.80 . .
1+ over 2= 1519 13 10.50 perform amplitude analysis of e+e-
1" over 2% 96.0 13 7.70 >l

Pei-RongLi Hadron2017, Salamanca, Spain 1Q



BESII

» Data samples:
— 16 energy points from /s=4.008 to 4.600 GeV.
— The total integrated luminosity (L;) is 5.1 fb'.

 Reconstructed modes:
Mode I: ¥(3686)2>n )/, Jy=21"T (I=e/p)

Mode Il: ¥Y(3686)> neutrals+l/y,

neutrals=(n’n’, n° n and yy) Jhy=2>11 (I=e/p)

Study of e’e” 2 Y (3686)

_Clean signals at e.g., 4.416 GeV

PRD96,032004 (2017)
g I —+—Data 1
%200_ — Fit -
cr | - Background 1
g [ [ Jhy sideband
%00'_ i
3 |
c
e
1] oo tlocat

6366 368 870 372 374

M(x*n Jhp) (GeVic

Events / (0.002 GeV/c?)
S
1

8
——

lBIII

—+— Data

— Fit ]
--- Background ]
[ Jhy sideband {

8T
M*'(x*r) (GeV/c

368 370

Looking at the Dalitz plots in large data set = quite different behaviors

0.2f

M (') (GeV/c?)?

0.1

0.0F

gﬁ':;:"i ;':-l'

V5 = 4.226 GeV.
- E

’-_-

1
15

Pei-RongLi

.0 15.5

160 _ 165
M(y(3686)r°) (GeV/c?)?

M () (GeV/c?)?
o o o
o N W

Il
P4 i
T

o
~

Vs = 4.258 GeV]

15.0

155 16.0 165

M2(y(3686)%) (GeV/c

1
2

7.0

)2

M('r) (GeV/c?)?

n

%0

o © o o
n w S [4,]
e

o
—

o
o

58 GeV

16 17
M2(y(3686)%) (GeV/c?)?

Hadron2017, Salamanca, Spain

M('r) (GeV/c?)?

o
[®)

0.0

o
=)
T

s = 4416 GeV

5 16 17 18
M2(y(3686)r°) (GeV/c?)?

74
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BESTI Simple fit to the resonant structure
of T (3686) at 4.416GeV

« A prominent narrow structure is observed in my(3686)
mass spectrum for data at /s = 4.416 GeV.

PRD96,032004 (2017)

4 416GeV ﬂ
« An S-wave Breit-Wigner fit function is performed on the

Dalitz plot of M2(n*(3686) ) versus M?(m~}(3686))
p-q/c? N p-q/c’
(M —x)* + My -T?/c* (M —y) + My - T'%/c*

g
o1

-

+
’# :
\++ W, ++++ :

I
e
e
4
:é
—+

Events / (0.1 (GeV/c?)?)

Py Tt o

o
T T T T T
-

PR ..._J

 The fit yields a mass of M=4032.1+2.4 MeV/c? and a

: . S M2 GeV/
width of ['=26.1+5.3 MeV, with a significance of 9.20 Howeve,‘"’;",,“;“if}}‘,,.,‘; c)

quality is not good.
M?*(ntr™) > 0.3 (GeV/c?)?.

+

' + Constrain M(r* i) in

i higher region, fitting
A quality is improved

+
g

VE(y(3686)) (GeVIC?Y ® \Wory(3686) GoVicY
Different behavior between high and low M?(n*n™) M=4030.310.1 MeV/C2

[=5.11£0.2 MeV

S —4416 GeV

[$)]
(=]
T

o
(=)
T

1
L. J-
N
o

M (') (GeV/c?)?

o
o

1
HE

L + (A ATD
i ++ +j." “'"++
+ i

(92
o
L

+

o
o

Events / (0.1 (GeV/c?y)

o
T

Pei-RongLi Hadron2017, Salamanca, Spain
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BGS]]I Check on the resonance structures

at other energy points

« Similar fits are carried out to data at \/s =4.258 and 4.358 GeV.

« No fitis applied at /s =4.226 GeV due to its different behavior on
the Dalitz plot and anomalous spectrum in M?(rt*rt ) PRD96,032004 (2017)

yyyyyy

& F T & [ & F

&8“80: &é‘ [ &, 80

sd APTH + >%F s |

gef /Y H+ ! 3t & of

- i [ = awl -

S S R R F S I S 4of-

~ [ ,"+ /‘\ - RN ," '\‘ ~ L ~ [

L /7% /} N £ 20 2 wf

g I }4 ) ﬂ* g | g I

w 0' A+ 1 A | w 0_ e ~ w 0

15.0 15.5 16.0 150 155 160 2
Mz (= (3686)) GeV/c?)2 M?(m=y) (3686)) GeV/cz)

& & T I T Wy &2 o[

N N N

S wf 4 ZZGGeV 8 of 4 258 1%}

Q Q Q +

930 e S aor

- - 20 - i

o o o -

gzo + + Jq S S

e il TR, ~ ~ 20_

2 1oF + 2 10 * O

c c B T c

] \ o o |

i o"-* = L 4“” @ o £ s T b :

0.10 015 ISIEO 025 é!O 0.10 015 020 025 0.1 0.2 Mg.a 0.4 22
() (GeV/c?y Me(r* n)(GeV/c) (') (GeV/c?

* In the fits to data of 4.258 and 4.358 GeV, the n")(3686) resonance

parameters are fixed to that at 4.416 GeV. The resonances are confirmed
with stat. significances of 9.6 g and 3.6 o at 4.258 and 4.358 GeV,

respectively.
* At 4.226 GeV, the resonance structures are close to the kinematic boundary

Pei-RongLi Hadron2017, Salamanca, Spain 21



BOI grudy of ete~ — 070 (3686)

Decay channel:
ete” > 7'[01/)(3686)
Y(3686) » wtn~ I/ Y, I -1t (l=-e/u).

Data sample

» 16 energy point from /s =4.008 to 4.600 GeV.
»  The total luminosity(L ): 5.2 bl

< K =825.67 pb’ | ,3382 1073,56 pb -1
Clear Signals in data e . E?S E
P36 p )

4.260GeV '°'65E4.,42o GeV = -

Broad bumps are from 8 :2
backgrounds of the charged
mode ete>atTy(2S)

Events / (0.00

%.6 365 37 375 38 3.85 39

36 365 37
M(r*nTT) (GeV/c?) M(r*r ) (GeV/c?)
Pei-RongLi Hadron2017, Salamanca, Spain 29



BESII Exploration of the intermediate structure

(a) 4.226 GeV, (b) 4.258 GeV, (c) 4.358 GeV, (d) 4.416 GeV

L= 1091.74 pb ! 825.67 pb 539.84 pb 1073.56 pb -
] 0355 ' ' ' ' EN 0355 ' ' ' ' ' ] 05: ! ! ! ! b 06: T T T T E
50022_ - 1% 0.3F = E1E - 30 0af i, % 05F L EEL L ]
% . E_ - _------_ -_ - _E o) 025;_ -E_: : " :-EE' —; % 0 3:_ - E % 04;_ ) _-.-: _::_=_-j:-:'::-_ E-- - 3
© 02p -IIT = I 12 02 " - e 19 % ) ) O sk Do Tl
QOE. T I BT - JRoasp- - T 2. - 4% 02, PR B P A
% 01F ol Sl 1k 01 - - 1x r 0-2¢ -
< 0.05F 3 S0.05% is 0.1F - 1< ot : E

E 1 1 1 1 O:— 1 1 L L 1 —: : 1 L L 1 o L 1 1 1
145 15 155 16 165 17 145 15 155 16 165 17 17. 0"=75 16 17 18 T 16 17 18

M?(n%y(3686))(GeV/c?)? M?(n%y(3686))(GeV/c?)? M?(n%y (3686))(GeV/c?)? M? (% (3686))(GeV/c?)?
(i 12F T T T T ] (\i 12 T T e T o N: F T T T T T T ] (\E: 22 T T T T T T ™
© 1% | 16 10F 1% 20
S 10F 1> 10 1> : 1S 18 E
o _f 1 ‘ io 8F 1o 16 E
e % 1 S5 1S o jc i
s O & ° 18 / 15 10
5 4 7 4 1z % LE ; & -
= : c ] 1% 2F 15  4H I,:" 3
w Qo= 1'5 - 155 : 1I67 . 716.5.- 15 155 16 16.5 17 15 15,5 16 16.5 17 JZR 15 155 16 16.5 17 17.5 18
—~ MA(nOw(3686)(GeV/c?? MP(n%y(3686))(GeV/c?)? M?(n°y(3686)) (Ge /™)’ MP(n°w(3686))(GeV/c?)?
N/\ 3 T T T (E\ F T T T T T _(\E: 10 A— = T~
NO 45;_ NO 7:_ N [ :\IA :l T T T T
S af S 6f i2 4 Jo 1of
® 35F O b o | 1% oF
9 3E S 5 :0 6F '8 8¢
S 25F S 4 EP= 1= &
S .2 s 3 S 4 12
A a5 g 2 S el
c E T c T i 12 i
2 05F Tdr | S (1) MRS =N AT il L
%o 0.1 0.2 03 W 01 015 02 025 03 W 03055 03 04 e

2 2\2 2 2\2 . : .
M (r0r0) (GeV/c?) M=(n°r0)(GeV/c?) M?(nn0) (GeV/c?)? ME(0r0) (GeV/c?)?
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BESII

Simple fits to the n’Y(3686) resonance

* A possible intermediate state is also observed in the 7% (3686)
spectrum at 4.416 GeV.

* A 2D fit with a fixed width to charged structure observed in e'e
=2 1y (3686) 1s performed on the Dalitz distribution of

M2 (1%ys(3686)) vs M2(mt®(3686)).

| p2 - g2/
(y = M2)2 + M2 T2/

p1-qi/c?
(z — M2)2 + M2 -T2/cA

+

* The fit yields a mass (4038.7+ 6.5) MeV/c? (Prel.) with a
significance 6.00.
=» consistent with the resonance in the charged mode n*)(3686)

e Similar fits with fixed width and mass are carried out to the data
sample at 4.258 and 4.358 GeV.
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BESIL  Comparison to the study of Z' —
1 (3686) at Belle

ISR returned productlons of T 1l'+l[)(25) at Belle

20
: M(n n+1p(3686)) 4 o~4 5 GeV * The charged 7+ (3686)
0 450 ] structure 1s about 4.030
S 9 N L i
Co T/ GeV/c? at BESIII
gtop »35a T ] M=4030.3+0.1 MeV/c?
o | -
s | | + 1 [=5.140.2 MeV
Ll I + |
1 | j 1 — JL « BESIII's result deviates from
O ==~ T 431 42 that of the structure observed

M__[mp(2S)] (GeV/c?)
M = (4054 +3+1) MeV/c?
[ = (45+11+6) MeV

Belle, Phys.Rev. D91, 112007 (2015)

by Belle by over 3c.
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BES]]I Y(4260)? Multiquark

Hybrid
Hadrocharmonium

“ "‘x;.‘: Molecule
o, N Threshold effects
Cusps

20239003

7c(3885) " 7¢ 4020) States or/and interactions

/c(4025)

What is the role of threshold
--Many new observations near thresholds: D*D,D*D*, DD, ...

* Phase variations appear in many process: not unique for resonance

To have a complete picture, more findings are desired

Energy-dependence _ For XYZ, the picture is still
Patterns in productions and decays ' °l€ properties  ynclear

orld-wide

experimental O .

efforts
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3L Summary

* BESIII is successfully operating since 2008

— Continue taking data beyond 2020 in the t-charm mass region

 (Observations of the Zc states in the final states of
n JAp, tth,, 1 (3686), DD* and D*D*

« Amplitude analysis on the Zc¢(3900) gives JP=1*

=» more similar works on other Zc candidate states are ongoing

*  We find complex behavior in Dalitz plots in the charged mode

e'e” > wY(3686) and the neutral mode e'e” D>’ Y(3686)
v A resonance structure of my(3686) around 4.030 GeV is observed
v" Still unresolved discrepancies between the fit model and data.

v This deviates from that of the structure observed by Belle
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BESII

Thank you!

I |
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BECSTI Amplitude analysis of e’e” 2 ' J/Y

PRL 119.072001 (2017)

J /i ~* T+

y(4260) " ., Y(4260) yd Y (4260)
P i > ‘T_
R, ZF | ,
T J/ / 5]

(a) (b) (C)
In the processe’e >y > nan'n J/y

® The helicity value of ¥ is taken as A, = *1
due to from e+e- annihination

®yv > Zn", Z: > J/yr", we try J® for X:
0, 1.,1",27,2%, and 0" is not allowed

® Z! and Z_ states are assumed as isospin partner,
with the same mass and coupling constant

® Six proceses are inclued in fitting to data:
5,,f,(980),1,(1270),f,(1370), Z*, and n*1J /
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BESII Determiend properties of the ZF(3900)

e IfZ_ is parameterized with a Flatte-like formula ~ PRL 119.072001 (2017)
M, =38812+42+527 MeV, T, =51.8+4.6+36.0 MeV

g,'=0.075+£0.006 £ 0.025GeV*
g,7g'=271£2.0+£1.9

(consistent with the previous published results)

e Born cross section fore'e > Z' 7" +ce. > x'n J/ly
21.8+1.0+4.4 pb at4.23 GeV
11.0£1.2+54 pb at4.26 GeV

e Scarch fore’e — Z (4020)7" +c.c.—> 7' J /v gives
upper limits at 90% C.L.:
<0.9 pb at4.23 GeV; <1.4 pb at4.26 GeV
o(e’'e >Z7(4020) 7~ +cco>n'n J/y)
o(e'e > Z7(3900) 7~ +ccoH ' J/y)
<13% at4.26 GeV

then <4% at4.23 GeV
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