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Beijing Electron Positron Collider (BEPC)

—
beam energy: 1.0-2.3 GeV

2004 started BEPCII upgrade,
; BESIII construction
W% 2008: test run
ey 2009 - now: BESIII physics run
<_“ + 1989-2004 (BEPC):
> L e =1.0x10%! /cm?s
“2¢” - 2009-now (BEPCII): X 100

L= 1 x10%/cm?s




Physics at BESIII

Charmonium physics:

- spectroscopy

- transitions and decays
Light hadron physics:

- meson & baryon spectroscopy

- two-photon physics
- e.m. form factors of nucleon
Open Charm physics:
- decay constant, form factors
- CKM matrix: Vcd, Vcs
- D%-D%ar mixing and CPV
- rare/forbidden decays
Tau physics:
- tau decays near threshold
- tau mass scan
...and many more.

ETOF (MRPC) upgraded
(07=55ps)

NIM A614, 345 (2010) |

The BESIII Detector

Drift Chamber (MDC)
GP/P (°/,) = 0.5%(1GeV) ~§
Ggesax (o) = 6%

Super-conducting
magnet (1.0 tesla)

Time Of Flight (TOF)
G;: 90 ps Barrel
110 ps endcap

pCounter
8- 9 layers RPC
OR®=1.4 cm™~1.7 cm

EMC:  GE/VE(%/,) = 2.5 % (1 GeV)
(Csl)  ©,4(cm)=0.5-0.7 cm/VE
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World largest J/vy, y(2S), v(3770), Y(4260), ...

produced directly from e*e" collision



Hadron spectrum
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Continuous efforts in
experiment and theory

Glueballs O ©

v _ Not established yet !
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* Hadron spectroscopy is a key tool to investigate QCD

- testing QCD in the confinement regime
providing insights into the fundamental degrees of freedom

<< 0.l fm 0. — 1 fm > | fm

Quarks and Gluons Effective Degrees of Freedom Mesons & Baryons



Light meson spectroscopy

® X(ppbar) and X(1835)

& 1n (1405)

€ PWA of J/P-vy oo

€ PWA of J/Y-Dynn

& PWA of J /¢ - yrr'r®

B PWAof y,, o nmim~



Charmonium decays provides an ideal hunting ground
for light glueballs and hybrids

qq Mesons Each box corresponds
to 4 nonets (2 for L=0)
(a) (b)
2-+ @
25 I_I - o-+ E hadrons hadrons
D++ 2+- g -
%I D - '\\% 99 qqg
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O++ . N P > 1N \ —~ 2
1.0 M(J/1) = 4G) ~ 0(aa?), T (J/tb = vH) ~ O(aa?),
0+ 1.6 GeV . s o a
F(J/Y = yM) ~ O(aag), [ (J/¥ = vF) ~ O(aay)

€ “Gluon-rich” process
€ Clean high statistics data samples from e+e- production
& 1(JPC) filter in strong decays of charmonium
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* The fit with a BW and S-wave FSI (1=0)

factor can well describe pp mass threshold e RS
structure. 8.0 O 1 0.2 03
* Itis much better than that without FSI M 2mp(GeV/c )

effect (A2InL = 5, 7.10)
» Different FSI models 2 Model dependent
uncertainty R=

B(y'— yX(pp))
B(J/ W —> 7X(p1"7))
=(5.087, (\Idt) *7(syst)£0.12(mod))%

Spin parity, mass, width and branching ratio:
JP¢ = 0%, > 6.80 better than other JPC€assignments, M =
1832+19(stat)Jr 8(sys) + 19(model)MeV /c?,
I' =13 4+ 39(stat)*13(sys) + 4(model)MeV /c?, <76 MeV/c?(90% CL),

B(J/Y - yX)B(X - pp) = ( 0124 (stat)* 13 (sys) + 2.3(m0del)) % 107>



In J/Y hadronic decays

BESIII, Phys. Rev. D87, 112004 (2013)

Study of J/w—>wpp and J/y->Ppp may _ 225M J/ Y
shed further light on the nature of X(pp) o S BESTI i
2 ?0;_ . ;:I:"\Jialiwéw
Jig>wpp § O ot
~ 50 F w sideband data
B(J/y > wX(pp) > wpp) S a0 + %
<3.7x10% (95% CL) 2 op i;: Jﬁr
>10x suppressed compared it ::E y‘f‘ '
to Jiy >yX(pp)=>vpP On_' - 'r::.cl)sJ o Juff o ‘o.;sl Y

M(pp)-2m, (GeV/c?)
BESIII Phys. Rev. D 93, 052010 (2016)
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X(1835)

Phys. Rev. Lett.95,262001 (2005)
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* Discovered by BESII in J/y->yn'mt'ic
* Confirmed by BESIIl in J/y->yn'mtne

Events/(0.02GeV/c?)

v M

= 1836.5 + 3.015% MeV/?
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Observation

oo (GEV/C?)

Events / 0.02 GeV/c>

»1.6F

and Spin-Parity Determination of the X (1835) in J/v¢ — ’ngKgn

Phys.Rev.Lett. 115 091803(2015)

2.4__. R R A

2.2F
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1.0kt I .'.|..."|’..;-|'i: 0
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t mB%mmna 1 The structure around 1.85 GeV/c? in the K Kgn

+ — Phase space MC

mass spectrum is strongly correlated to f,(980)

1.0 1.2 1.4 16 1.8 2.0 2.2 24

Moo, (GeVic?) Mayo (GeVic?)
CT T N LA ELALELE UL : : 2
80F () in. L1407 Partial Wave Analysis for M (KK)<1.1 GeV/c
F —+ Data E
70; — MC projection 1 * X(1835)->K(K(n (the K K system is dominantly produced
60F - )I?(»acslégsr)ound ] through the f,(980))
50F — . X(1560) E JPC=0+, (> 12.9 )
405 Phase space _ M= 1844+9(stat)+16(syst) MeV/c?, T'= 192%9 +232, MeV,
1 Consistent with X(1835) observed in J/{ = yrt'nin
30; 1 BU/Y->yX(1835)*B(X(1835)>K.K.n)=(3.317 035 *% 9)*10°
20+ =
10_ B X(1560) - f0(980)1]' JPC_O'+, (> 8.9 0')

0 !

K° Ken

(GeV/c?)

+0 +14 +21

2 ; - ] M=1565+87¢3 MeV/c?, I=45173 753 MeV
16 1 8 2.0 2 2 2 4 2.6 2.8 consistent with those of n(1405) / n(1475) within 2.0 o
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I’ (MeV)

Any relations?

What is the role of the ppbar threshold (and

other thresholds)?

Patterns in the production and decay modes
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New: connection Is emerging

PRL 117, 042002 (2016)

- ">V7§t v igﬁltgp MC
N§3500  MEBackground
3000 § threshold
 Use 1.09%10° J/ events collected by S e
BESIII in 2012 S0
1500
 Two decay modes of n’ Sio00
Ry 0
, 0 14 16 18 2 22 24 26 28 3
— NN, Ny — 2L
E [ [ I [ [ +| E
* Clear peaks of X(1835), X(2120), X(2370), & snen Toeue
n., and a structure near 2.6 GeV/c? §§§§ et ]
. g . . . o ! i ]
* Asignificant distortion of the n'm*it line St **,.I oty
— @ o0k BT U "
shape near the pp mass threshold 3
w r
200F o

054 16 18 2 22 24 26 28 3
Mx'n] (GeVIc)

a-T



Anomalous line shape of n'mt*r near pp mass threshold: connection between

X(1835) and X(pp)

X(1835) observed in J/y-»yn'n X(pp) observed in J/y—-ypp
Phys. Rev. Lett. 106, 072002 (2011) PRL 108, 112003 (2012)
SRR AR e e e PRL 115, 091803 (2015)
_s00F (b) ] . .
2 400 5 o
2 F f x(s35) Jre=0"+ X(pp) J7e=0"+ 2
S 300 F >
S b M= 1844 + 971¢ MeV/(? M= 18327118 + 19 MeV/c2 Z
3 200F S
g S A SR ['=13+ 19 MeV/c? S
2 - o “n] — +20+62 2 T =
q 10p M 1 [=192047745 MeV/c (<76 MeV/c2@90%CL) &
04 16 1.8 20 22 24 26 28 = e : :
M, -2m;,(GeV/c?)
25{]07””‘I‘I‘I‘Ill‘llll‘l‘H“””l””l””“l . . . 25007II\I‘\II\‘II\I'IHI‘III\'II\|I\I\|\I\\|I\II|\1
T :  +ow | Connection is emerging T o
R N £ N T A S—— (1510 4 S S 'L ¥ A IR . f (1510 B
G = PRL 117, 042002 (2016) s ‘m/‘\ | | g
3 [ W = BiGSeR™ | > ™ ‘t‘% = Sarigoma |
S s00f o f 4 ~— pp threshold _| S so0l f n A pp threshold ]
o TE 75 T : 9 T8 T8 T8 T
< \J\M‘\ Model 1: Model 2: =
g S A Flatte lineshape Coherent sum of X(1835) £ ™"
o T | with strong coupling to pp Breit-Wigner and one %
- s00 and one additional, additional, narrow Breit- 500
narrow Breit-Wigner at ~ Wigner at ~1870 MeV/c?
0 EAE ~1920 MeV/c? 0 "
13 14 15 16 1.7 18 19 2 21 22 13 14 15 16 1;7 18 19 » 2 21 22
MInm'n] (GeV/icd) MInm'n] (GeV/cd)

The anomalous line shape can be modeled two models with equally good fit quality.
 Suggest the existence of a state, either a broad state with strong couplings to
pp, or a narrow state just below the pp mass threshold

* Support the existence of a pp molecule-like state or bound state "



Glueballs from Quenched Lattice calculations ;?:I(\Il|yslilf§|(u;zt);;\’| I;T?Zv:fzr‘i: r::l\yl)‘iluantum number
) 0+(2.3~2.6 GeV)
mixing with qgbar mesons
4
* 3 Large Br in ]/ radiative decays
=
Systematic exp. studies are required:
! —>Over-population
X Phys. Rev. D73, 014516 . Map out the resonances
o - Production patterns
Phys. Rev. Lett. 110, 021601 J/W - v /w/d+X
=g, )__ |p| EOf =035®)keV Other experiments: yy processes from Belle2, ...
27 M, —>Decay patterns
/T tot=0.33(7)/93.2=3.8(9)x107° “flavor blind”, “chiral suppression”,
Phys. Rev. Lett. 111, 091601 @
[(J/y — yG_.)=1.01Q22)keV
[(J/y —yG,.)/T,, =1.12)x 1072 LQCD and QCD inspired models
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Isospin-violating decay of n(1 405) > f0(980)7c

The long standing E-t puzzle: RO
n(1405)—am, n(1475)—K* K, overpopulation? % Z: | ‘%
Anomalously large isospin violation: 8 1s0f HR ] 8
) _ 7 ok ] ER 1
Br(n(1405) — fo(980)7" — ntx—x") - o 5 h R 1 %
Br(n(1405) — ad(980)7° — pr970) = (170 £ 4.2)% “ 5"‘4* ++ hatnanu I
q.2”- = 1I4 — 4 — 1I.E I
Much larger than a,-f, mixing (PRD 83 032003) M 5800 Gevi)
Br(xl—*f;,(%ﬂ)-ﬁ'r = mtm ) ;3— ................ :
5 " Br(ta — a,(980)r° —ya®a®y < oo ¢ T /* (@3 g
glﬁ {’ 18
f,(980) is extremely narrow: I' = 10 MeV. S 1op *} is
£ ook & i §
. ~ ~ k3 sof g & i &
PDG: I'(f0(980)) =~ 40~100 MeV. zgg*%% W
. . . . ' M(nln.t)(GeVIc;).‘ '
Triangle singularity is proposed
(PRL 108 081803)
K'(K') 0 An important 1420
nga0) ST dynamical effect of 2,(1429)
K(K g PRD 89 054038
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-
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In J/l.|) hadr_(_)nl_c decays

Events / 20MeV /¢

M,
In J/Y double
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PRD 91,052017 (2015)

400
- non'n
350 [~ f‘(125) — — non-1Y¢ backgrounds
300 B ‘ histograms: X(1835)
=§,_‘ I === histograms: X(1870)
> 250 |-
(O] |
S 200
=3 i
2 150 |-
c
g B -
@ 100 |-
50 [ ‘=:
141 1.2 1.3 1.4 1.5 1.6 17 1.8 1.9 2
Mnnn*)(GeV/c?)
J/Qrb ’Y’Yﬁb [preliminary]
_L T T T | 1 T T | T T T _I_IDaIé |||||
C —— Total
- (b ) o{1475)
- e X(1835)
A | 1,(1285)
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| I A | — PR
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J !y — yop (DOZI)

6
% |
3 4
g -
< |
£ 2
% -

v by by by e by

% 1 2 3 4

M2(yr*n0)(GeV/c?)?

® Confirmed the enhancement observed at BESII

PWA of J /Y - ywd

Event/(0.04GeV/c?)

PRD 87, 032008(2013)

250[

100

50

M= 179517+13 . +19(model) MeV/c?,
=95+10+21;, +75(model) MeV

Spin-parity is determined to be 0+
® thesame asf,(1710)/f,(1790), or a new state ?

200 -

150 F

| —— Data
— Projection (a)
=-eee X(1810)
- f_2(1950)
— — n(2225)
— - - Phase-space
-------- Background

2 2,
M(K'Kt'nn®)(GeV/c?)
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Evants /20 Mayic? Evants /20 Mayic?
oMEnAEREREHE oMEnAEREREHE

Evanis /20 Ma'ic®
oHeEBEHEAE BN

PWA Of]/llj — ynn
(Phys. Rev. D87 092009 (2013))

B

Evenes /003 l'.t'l.',u;'
b=
T

Resonance Mass{MaV /) Width(MaV /) B(J/{ — vX — vnm) Significance

Fol1500) 1468

14425
16—74

foll710)  1750LE+13

fol2100) 2081+

f2{1810) 1520+

13+3

f2{1525) 151345+

204648
5T

(3n407 91go+Il4e140
f2(234D)  2362EELL

IagHil+a8 - (1 estla80Ey 10 B2o
172410+32  (2as+liielH) o994 0g
T3+ I+ L1g+R0ee08) 104 1300
HHEte 342+ 0-HH1-) 10 110 o
o+ 62+-88 5 + #3431 I
g ERE (540 Ee ] .4 o
P [l
14 I+ 18E 560+ 3Ty 10 G oo 5 D a 1 -2 D 2
§— 100 s v - ok (] ¢

(&) MG

(d) MmN

1214 1618 202224 26 28 20

(E) MmN

~\

Evarts | 20 Mais”
oHEEEEEEDEHE

121416182022 24 26 2B 3

(&) MG

S W,
1Z 14 15 1.8 20 22 24 25 28 30

(h) M Geue

® Br of f,(1710) and f,(2100) are ~10x
larger than that of f,(1500)
® Possible large overlap with

D T LQCD predictions of 0+ Glueball:
U ey PRL 110 021601 (2013)

Evarts | 20 Mais”
oHEEEEEEREHE

® Strong production of f,(2340)

Ewents /20 Me'is”
oMEnuEENEEEEY
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Events / 15 MeVic? Events / 15 MeV/ic?

Events / 15 MeVic?

Model Independent PWA of J/y->yn°n®

Extracted Intensity

Relative Phase

i ET
(a) 0 g 2
1 [EH
_ PE
f i E
i : TE
ir w =
. Y i, N
05 [ 15 2 25 s [ 10 i5 20 25 a0
Mass(x'?) [GeVic?] Mass(a®) [GeVic?)
= “;‘ = . N T
= & = L il L 5
£ )2eEs B E E o st il T4
= L EE Q_ ‘.-‘o l 14
E [ ?_3 o E- i
E K g E
= at : E
E e‘.’* 1 L E
= 7 e Reian Y TE
E K3 L 8% i, TS, E
e o T T o S ¥ B ‘ L
05 1 15 2 25 N 05 10 15 0 25
Mass(a’r?) [GeVic] Mass(xx®) [GeVic?)
T
== s OFE T
E (2 me 4 §LE i 154
E i E E o il Il
3 I EOE A
E ¥ s E AR
== H : 0 @ riel g te f
- ft £ LR g I
E # iE !
E N oL : § 2
E ) ) R bl ikt Y, N 8 sb . . ) .
05 1 15 2 - 25 0s 10 15 20 25 an
Mass(a%%) [GeVic?] Mass{x's®) (GeVicH)
E (d)2"E3 |
: Solution 1
I o
: i Solution
i it ettt 1 T Db T ad e i L st R
05 1 15 2 25

Mass(a’r?) [GeVic]

Phys. Rev. D 92, 052003 (2015)

v

Extract amplitudes in
each M(rt°rt®) mass bin

Significant features of the
scalar spectrum includes
structures near 1.5, 1.7
and 2.0 GeV/c?

Multi-solution problem in
MIPWA is usually
unavoidable.

Model Dependent PWA
of global PWA fit is still
needed to extract
resonance parameters
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Partial Wave Analysis of J/y—2>vdd
[PR D93 112011]
Besides n(2225) , very little was known in the sector of pseudoscalar

above 2 GeV. The new experimental results are helpful for mapping out
the pseudoscalar excitations and searching for O+ glueball

C2

—}— Data-bkg

S3000f =

%2000_ MG projection 7 Resonance M(MeV/c*) I'(MeV/c?)  B.F.(x107%) Sig.
=400 , _
= [ n(2225) 2216431110 185713F10 (2,40 £0.107310) 28.10
gmoo—_ ; 7(2100) 2050735777 250730157 (3.30 £ 0.09750%) 21.50
s [ X(2500) 2470715755 230755753 (0.17 £0.0277505) 8.80
[ in=1.09 %2nbin=0.71 L
ol e | o o , of | | | fo(2100) 2102 211 (0.43+0.04702%) 2420
2 22 24 26 1 05 0 05 1 1 05 0 05 1 . T0.28
(a) M(00) (GeVic?) (b) cosa(y) () cos6(6,) f2(2010) 2011 202 (035£00535) 959
= . «,2500 f2(2300) 2207 149 (0.44 £ 0.071097) 6.40
L o™ -
33000; 2 2000 gzooog | f2(2310) 2339 319 (1.91+0.071972) 10.70
o) r = model dependent — ,
£2000f E I Q15000 ot mierin 0~* PHSP (2.74 +0.15791%) 6.80
LLl L [ ~
; 1000} 10008
1000 i E_ g "
i 2/nbin=1.55 r ¥%/nbin=1.69 5000 e .* T g ™
0 L ! ! ! 0 L ! L ! L 0: "F“’..wt‘"" w8 A, By reei o Al
1 05 0 05 1 0 20 40 60 80 2 22 24 26
(d) cosf(K’) (e) % () (f) M(00) (GeV/c?)

« Dominant contribution from pseudoscalars
n(2225) is confirmed;

* n(2100) and X(2500) are observed with large significance.

* The three tensors f,(2010), f,(2300) and f,(2340) stated in wp reactions
are also observed with a strong production of ,(2340).

 Model-dependent PWA results are well consistent with the results N
from MIPWA



Hybrids

GlueX@JLab

BESIII

. . . ] 3
Lattice QCD Predictions: ¢ — A
il k./‘\_ A -JL/tJ!\..
. C 1
exotics o/ 1pe 1\
—1-(1-+
: . , 1S(JPC)=1-(1*) .
. =
L =
| . S \’
I} ~
: G‘:J'IIIIIIIIIII - K]_ I (J )=%(1-)
7 N 8 S
: A
: g — " 1G(IPCY\=N*+(1-+
PR 16(JP€)=0%(1")
YUY |Tl !
L : . |G(JPC):0+(1-+)
2.0GeV | A " Not ob d
-] ot observed yet
Approximate JF€ Total Width (MeV) Relevant Decays Final States
r O+_ 1_+ 2+_ Mass (MeV) PSS IKP
- st 1900 1t 80 —170 120 byt p?TJF. fart, a1, 1]{'71'i wrnt, 37t 5, 7]371'?, T?lTl'i
L M 2100 1=t 60 — 160 110 aym. fint, 7(1300)7 A, pdx, qurat
. PRD 83 111502 (2011) ) 2300 1= wo—-220 170 K (400K, Ky (1270)KT, K*KT KK#art, KEot, KKw'
bo 2400 0t— 250 —430 670 m(1300)7, hym ar
hao 2400 07~ 60 — 260 90 birl, hin, K(1460)K wrrt, n3r, KKnr
i 2500 0t~ 260 —490 430 K(1460)K, K1(1270)K ", hyy KKnrt, y3r
by 2500 2+— 10 250 aomt, aymw, hym A7, 7]1T’1TT
Do 2500 2+- 10 170 byrt, prt wrat, 3xt
It 2600 27~ 10-20 80 K (1400 KT, Ky (1270)KT, K3 KT KKrrn', KKxt

Complementary studies at BESIII
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Amplitude analysis of y.; = nm ™

Phys. Rev. D 95, 032002 (2017)

c\l|—|JI 0 . 20 600 L a,(980)n
N B . a) &~ g a) e 3,(1320)m
Q 8 Lo 8 i
B r =" Srronr n
%J 8- Sd=ge 8090909 . a,(980) {16 = 400, S o
: I | h 32(1 320) 14 %
! | & I >
B OO BT, f,(1270) |12 s
5 L if gt L o Gom e EnE PO N
N | SRR T R, az(1 700) 0.5 1 1.5 2 2.5 3 35
= 4 M(nm) [GeV/cd]
. 600 b) } T Mlrszon
2 o . . 32(1700)r:
"""" > i
E 400¢ ::fizosom
0 %4 6 8 10, N
P L »Rr S 200F
O' % :

100"

M) [GeVicER

05 1 15 2 25 3
M(r*r) [GeV/c?]

* Clear evidence for a,(1700) in x decays.
* First measurement of g, # 0 using a(,(980) —» nm line shape.
* Measured upper limits for m;(1™") in 1.4 - 2.0 GeV/c? region.



Charmonium spectroscopy

et




XY/Z states:

Cannot fit in the spectrum of conventional heavy quarkonia

- Charmonium

4.6 arXiv:1411.7783

Additional degree of freedom from light
guarks and gluons?

Mass (GeV/c?)

Open charm threshold

3.6
-hc(ll P) Xcz(lspz)
] Xc1(13P1)

c- and b-quark are heavy
Non-relativistic QM applies 41

Established cc states

3.2 1 Predicted, undiscovered

NRQCD approach is a spectacular success,

validated by the consistency between (c¢) |-—

and (bb) 301 sy | | |
1+ o+ 1+ o+

0 1=

J°C
26



Observations of Z_

100, Hoee

Events / 0.01 GeV/c?

3.7 38 3.9 4.0
Mmax(T2 /) (GeVic?)

ete-mmJ/Y¥Y

3%5 3|90 Séi 4.IOO 4.65 4.I10 4.15
M(D'D*") (GeV/c?)

BESIT e*e —» m* (DD*)
Z.(3900) *?

ob (4230 Gev, 10917 5"

s/(10 MeV/c?)

Event:

—4-Data

E 80 — Global Fit
e <o Signal
<60 Wceig
é.m r e PHSR

>

g 8

385 39 395 4 405
MDD (Gevich)

BEST ete — mo (DD* )0

Z.(3900)°?

—
1)
=3

T

Events/(0.005 GeV/c?)
—
E 2 £ g

205

410 415 4.20 4.2
M, (GeVic)

BESTT ete —» m* mr A,

o5 400 405 5

80 . . comb.BKG —+ data

{; C - DD* — total fit
Lol — - Z,(4025)
Ch H .- PHSP signal
w | mws

~N 40 + +

2 [

$20

o 207

w L

T 402 404 406 _ 408
RM(rt) (GeVi/c?)

eSete - m (D*D*)
Z.(4020) *?

4" 405 4.1 24.1 42 425
M (GeVie)

BESTT e*e — mf m? h,

4.23GeV+4.26GeV o

3
g [
&
I

4. 4.1 =
RM(n)(GeVic?)

BESTI e*e —» m? (D*D* )P

Z.(4020)?

Tetrao

uark? Hadroquarkonium?
Molecule? Threshold effect?




BES

Summary of the Z_ at BESII|

Z.(3900) Z.(4020) DD* threshold
ete > lt/vy ete>rntnh, (3875 MeV)
M=3899.0+3.6+4.9MeV M= 4022.9+0.8+2.7MeV D*D* threshold
I = 46+10+20 MeV ' =7.9+2.7+2.6 MeV (4017 MeV)
Z.° (3900) Z:°(4020) Two isospin triplets
ete>n'nl)/y ete>ninlh, -

M=3894.8+2.3 MeV M=4023.9+2.2+3.8 MeV established

[ =29.6+8.2 MeV I Fixed at Z.t(4020)

Z.*(3885) Z.*(4025) Mass/width
e*e->n(DD")* e*e->n(D*D)* difference in two
M=3882.2+1.1+1.5 MeV M= 4026.3+2.6+3.7 MeV modes to be

[ =26.5+1.7+2.1 MeV [ = 24.845.6+7.7 MeV understood

Z.9(3885) Z.9(4025)

e*e>n'(DD*)° e*e>n(D*D*)0

M=3885.7+5.7+8.4 MeV M= 4025.5+4.7+3.1 MeV

[ =35+12+15 MeV [ =23.0+6.0 +1.0MeV

« JPofZ.(3900)=1* determined from PWA
« DD* dominates Z(3900) decays and D*D* dominates Z.(4025) decays
« No significant Z.(3900) - h.m, Zc(4020) - J/ym



Determination of JP of Zc(3900)

Phys.Rev.Lett. 119 (2017) 072001

nb F NO
‘5 300 :_ ===z 5-Wave Jiy + {&) S‘
D F £,{1270) Wy ]
g B0E svece t (L.g
S 0k 5
4.23GeV 2 150 F o
F —
(" 100 n
& sof 5
> E s ey L
W 4" 0s 08 0.8 1.0 12 E
m,... (GeV/c?)
No 180 :\b
“>" 160 — - 7 S-Wave Jfy { {C) ‘}"
O 4 £,(1270) My (]
O] ! O]
sims ZUT4E.0.
4.26GeV S 2
o o
- o
S
A "
prd =
w =
= d k3 )| P w
w = = = >
0.2 04 0.6 0.8 1.0 1.2 W

m.... (GeV/c?)

400
350
30
250
200
150
100

180

120

- an 5-Wave My l.
£41270) Jt
om ZUTHELE.

————————

vt

Y 36 38 40 12

m,,.. (GeV/c)

—= a1 S-Wave Ly
£01270) Jiy

v ZHUHE.C.

— total

(d)

JP of Zc favor to be
17 with statistical
significance larger
than 7.36 over
other quantum
numbers

UAmplitude analysis with helicity formalism formalism taking rt*rtJ/ as final states
USimultaneous fit to data samples at 4.23GeV and 4.26GeV
Unata spectrum is parameterized with o, f0(980), f2(1270) and f0(1370)
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Determination of JP of Zc(3900)

Z.:JY M (MeV) g1(GeV?) 95/ 91 —In L

0~ 3906.3 + 2.3 0.079 = 0.007 258 +2.9 —1528.8
1~ 3903.1 1.9 0.063 £0.006 265 +26 —1457.7
1" 3900.2 = 1.5 0.075 +0.006 21.8 1.7 —1569.8
2" 3905.2 £ 2.1 0.060 £0.004 287 2.7 —1516.5
2T 383943 +1.9 0.051 £0.005 234 +33 —1316.2

JP of Zc favor to be 17 with statistical significance larger than
7.36 over other quentum numbers

e Significance fore e —> Z_ (4020) 7~ +cc—o>n 7 J/y is ~30.
Upper limits at 90% C.L.:
o(e'e >Z (4020) 7~ +ccHn'n J/y)

clee >Z (3900) #~ +cc—o>an J/y)

<3.3% at4.23 GeV

<25.1% at 4.26 GeV
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Events / 3 MeV/c”

Observation of e*e- >yX(3872)

Strong evidence for
X(3872) > nn J/w

PRL 112, 092001 (2014)

M =3871.9 £ 0.7 = 0.2 MeV/c?

Suggestive of
Y (4260) — v X(3872)

—+4- data
— Y(4260)
-.=.- Phase Space

--- Linear

— R
Lo - S 0.6¢
i —+ Data Q -
i i = 05
I 6.30 Total fit - :,% :
10} === Background N ;‘"3 0.45
4 Y :

| ;0

o

: N~

2 i - Eﬁ_

. X

T mm m
DLV, "L U LI © 0

38 3.85 3.9 305

M(rJ/y) (GeV/c?)

** New mode of production of X(3872) and Y(4260) decay?
If we take B(X(3872) —» ntn—J/¢) ~ 5%, ( >2.6% in PDG)

o(ete™ —~vX(3872))

o(ete=—mtr—J /)

~ . 10%

41 42 43 44 45
E.m (GeV)

Large transition ratio |



ete” 2>t/

Phys. Rev. Lett. 118, 092001 (2017)

160 150
g ~+XYZ =

S B —Fitl EWG
=.-,5: o[- == Fitll ' %5' [
I # ®
E i E -
T 40r T 50
i) - i) i
° L \q ; i J K
o] i ¢ o] L
L {]_

ﬂ P I T T R N S T I T SR TR R

38 4 a2 a4 48
Is (GeV)
LSimultaneous fit to XYZ data(left) and R-scan data (right)
L Coherent sum of two Breit-Wigner like structure plus one incoherent (3770)
»M =(4222.0+£3.1+1.4) MeV, T =(44.1t4.312.0) MeV,
Lower and narrower than previous Y(4260) PDG value
»M =(4320.0£10.4+7) MeV, [ =(101.4125+10) MeV,
a little bit lower than Y(4360) PDG
L Compare with one Breit-Wigner fit, the significance of the second Breit-wigner is 7.60
Qis this Y(4260) + Y(4360) ? The first observation of Y(4360)2>t*rt)/Y?

(1Y(4008) is not confirmed
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ete” 2y’

arXiv:1703.08787

100 |
80
60
40
20

0

- BESIII

Y(4260)? Belle
0*— = BaBar
JrMJr*
-20
40

_60----I----I---.I....I....I....
41 42 43 44 45 4.

\'s (GeV)

mIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Cross Section (pb)

III|IIIrlIILIIIIIIIIIIIIIIIIIIIII

~
o

LCross section of e'e2>a*wy(3686) has been measured at 16 energy
points from 4.008 to 4.600 GeV.

LA clear peak around Y(4360), consistent with Belle&BaBar’s results,
but with much improved precision

A fitting on the cross sections is ongoing 24



Dressed Cross section (phb)

100

ete” 2ntrh,

PRL 118, 092002 (2017)

— & BESIII: R-scan data sample
- = BESIIL: XYZ data sample

I iGeY)

- —Fit curve: Total

C - Fit curve: Y(4220)

=~ Fit curve: Y(4390)

: Jh /

N EIL i

C } Tu Y

:I 1 I 11 1 1 I 111 1 | 111 1 | 111 1 I IIIIIIIIIIII | 11
39 4.0 4.1 4.2 4.

Vs (GeV)

'].25_ T T T T I T T T T I T T T T ]
r 3 contour
M 25 contour
0.201 M 15 contour
—— Y4220
015 -
0'0:‘:— Y(4260)" Yi4230) 1
L 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0'%] 5 4.20 4.25

M (GeVicY)

4.3

IiGe¥)

1}.25-I LI I L I T T T 1T I T 1T 1T T I T I-

[ 3 contour

B 25 confour |

0.20- M i contour

i —— Y(4390)
0.15F
oaof 4+

Y(4360)
+ wid415)

0.05[

[ vl as I 11 1 1 I IIIIII i
b TRy 3-1 440 445 -L:n

M (GeVich)

UFitted with coherent sum of two Breit-Wigner like structue

r M=

» M,=4391.5*3

4218.4'55,

+0.9 MeV/c2, T,= 66.0°123 . +0.4MeV > Y(4220)
+1.0 MeV/c?, I[,=139.5*162_ . +0.6 MeV - Y(4390)

The Y (4220) here is consistent with the states observed in n*mnJ/y around
4222MeV
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cr(e'e'—m:-xw) (pb)

+ -
ete” 2wy,

PRL 114, 092003 (2015)

.1 DD ﬂ.:s_ T— T T LI LI B | T— T T 1T ]
- i X7 contour .
80 | . X M 26 contour
- ) —+Da 0.201 I 15 contour
60 = —— Resonance - —— Y{4220)
B - Phase Space i ]
40 :_ i l].l:::— ]
- e &) I —+—
20F = 0.10f Y(4260)7°C ]
oF r : ]
20f ﬂ"]::_ ¥(4260)" Y(4230)
'4[} ; — : . - ':I : TR R SR S R SR T
415 4.2 425 4.3 4.35 4.4 4.45 4.5 '%]5 4.20 4.25 4.30
- rp
\/s (GeV) M (GeV/ic)

dOnly oy, has significant signal
The cross section is fitted with coherent sum of a Breit-Wigner and a
phase space term

M=4230+8+6 MeV ,['=38+12+ 2 MeV

(The mass and width here is compatible with the Y observed in n*mJ/y

+a- A
and e‘e >n'mh, 36



ete 2*DOD*-

Hcrbs

= o c. it (m) 1 it P(m) ,
Tdress = T 1 5T)B(D0 = K-mr)e o™ TIe VI + BBy [ oy < Blm B agy)

1000_| | | | | | | | | | | | | | | | | |’ | I’ | | | | | | | | | |

“CEBESN Preliminary E

B, 6001 } L 17

o400~ T

200— Y (i Mgl } —

O:' 3 {- 1 ..'..‘t'i'i"-'ih--:- ------ . --i l el N T T -

4.1 4.2 4.5 4.6

Fit with a constant (pink dashed triple-dot line) and two constant width relativistic
BW functions ( and ).
M[}’{=12}3U]|} (4224 8+5.63:4.0) MeV/c*, (Y (4220)) =(72.319.11+0.9) MeV
M(Y(4390)) = (4400.14£9.3+2.1) MeV/c2, I'(Y(4220)) = (181.7£16.91+7.4) MeV.



ete 2*DOD*-

Red circle is the result of e*e- 2 n*D°D*-

l].IS_----.----.----_ u,15_||||||||||||||||||||||_
- 35 contour A - 30 contour
[ B 25 contour A i B 26 contour
0.20- B 15 contour 0.20 B 10 contour
- —Yi(4220) 1 [ —~Y(4390)
z 0150 . > ﬂ-‘l:*:- ;
T —— : S :
~ 0.10F V(426076 = 010- :
: (26007 - V(4360) + ]
- . : wid415)
0.051- - . 0.051 ]
[ Y(4260) Y4230)
i i oopl—— L 1 L L]
0. S 4[330 435 440 445 450
(‘PEIS 4.20 _ 4.25 4.30 M (GeV/icd)
M (GeVic?)

» The statistical significance of two resonances assumption over one resonance is greater
than 10s.

» The resonant parameters of Y(4220) and Y(4390) states are consistent with the structures
observed in ete™ — m*m~h,.. The resonant parameters of Y(4220) are also consistent
with those of the resonance observed ine*e™ - wy., andete™ » nF /4. 38



Prospects of hadron spectroscopy at BESIT

BESIII data taking status & plan (run ~8-10 years)

Previous BESIII present & future
data
My

BESII 58M 1.2B 20* BESII 10B
\|J CLEO: 28 M 0.5B 20* CLEOc 3B
v” CLEO: 0.8/fb 2.9/fb 3.5*CLEOC 20 /fb
Above open charm CLEO: 0.6/fb 0.5/fb @ y(4040) 5-10 /fb
threshold @ y(4160) 2.3/fb@~4260, 0.5/fb@4360

0.5/fb@4600, 1/fb@4420
Scan from 4.19 — 4.28, 10 MeV
step, 500 pb-1/point

R scan & Tau BESII 3.8-4.6 GeV at 105 energy points
2.0-3.1 GeV at 20 energy points

Y(2175) 100 pb?

v(4170) 3 fb?

The data with unprecedented statistical accuracy and clearly
defined initial and final state properties brings BESIII great
opportunities to investigate QCD exotics and many other
topics
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Light Baryon spectroscopy

9 M (@, @, ¢, £ K..) J/tp(w') — BBM => N*, A* ¥, ”*|
N" A* ’o‘ N, AN, Z°

o

NN, AZ..) =

Charmonium decays can provide novel insights into baryons
and complementary information to other experiments

v Missing N* with small couplings to tN & yN , but large coupling to gggN :
Y - NNm/n/n'/w/P, DEm, DAK ...

v' Not only N*, but also A*, X%, E*

v Gluon-rich environment: a favorable place for producing hybrid (qqqg)
baryons

v" High statistics of charmonium @ BES Il
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E

Observation of two new N* resonances in (3686) — pfmo

* In photon or meson beam studies, isospin 1/2 and
BESIII: PRL 110, 022001 (2013)

T A IV Ok 3/2 resonances are excited, complicating the analysis
== N(1440) “)
M L — S i * Aresonances suppressed in charmonium decays to
o WY | —oNassoy :I_ﬁ . ppm?, giving a cleaner spectrum
| Wiy 4 Iy * Thought to be dominated by two body decays
100 f i - : . . :
}J' il e . involving N* intermediate states
W . o
50 _:;J Ul N e b o  Also consider pp resonances ((3686) — Rn”)
SR o R SR, « Seven N¥* states observed in partial wave analysis
! ER 25 « Two new resonances, N(2300) with JP = 1/2*
MGeV/er ; -
it ’ and N(2570) with JP = 5/2
W e T T (5) . . . .
::l“":n * Other five consistent with previous results
) s - Ne3oo) .
150 f= % == N(2570) :’ 1Lt =
H +\‘L 1l L Resonance .\[{.\[t'\"/t'z) l_‘(.\[v\'/t'.')) AS ANg4.sr Sig.
100 - J | | | - N(12440) 13907 1T 30T 0T 0 T 725 4 1150
I F bt N(1520) 15100300 115t 198 6 5.00
P B ! % 2t 1 N(1535)  153579F0 120t 0%0, 494 4 9.30
o e T N(1650) 165012 HLL 5ot2lH1d g9y 4 1220
“}..I'J ) ) . g | ".:l .., i) ..H.l) L2 l l‘
™ mrempmrm e m = by N(1720) 170013832 450 Y 55.6 6 9.60
L C e TH N(2300) 2300 30729 3407307119 1207 4 15.00
M, (GeV/c?) N(2570) 2570°)9"%5 250°33%8) 789 6 1170
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Measurements of Y(3686) - (Y)KTAE*

P(3686) — (Y)KFAE: A - pm, £ — Am; A - pm

Decay

Branching fraction

¥(3686) — =(1690) "=+,
U(3686) — =(1820)" =,

(3686) = K A=T

(3.86 £0.27 £ 0.32) x 10~°

Z(1690)" = K~A (521 £ 1484+ 0.57) x 107°
Z(1820)” = KA (12.03 +£2.94 +1.22) x 107°

¥(3686) - K- X°=F
V(3686) — YXc0s Xc0 = l\._.\2+
V(3686) = YXc1, Xe1 = K~AZT
P(3686) = Yxc2, Xe2 =+ K™A=Y
xeo = K—A=Y
X1 = K~A=Y
X2 = K~A=?

(3.67 £0.33 £ 0.28) x 10~°
(1.90 £+ 0.30 + 0.16) x 107°
(1.32 +0.20 + 0.12) x 1072
(1.68 + 0.26 + 0.15) x 1073
(1.96 + 0.31 + 0.16) x 10~*
(1.43+0.22+0.12) x 10714
(1.93 + 0.30 + 0.15) x 10™4
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BESIII: PRD 91, 092006 (2015)
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* Observe two hyperons, Z(1690) and Z(1820) in M(KA)
Both are well established states
Resonance parameters consistent with the PDG

=(1690)~ =(1820)~
M(MeV /c%) 1687.7£3.8+1.0  1826.7+5.5+1.6
I'(MeV) 27.1+10.042.7 54.4+15.74+4.2

Event yields 74.4%21.2

136.2+33.4

Significance(o) 4.9 6.2
Efficiency(%) 32.8 26.1
B (107%) 5.21+1.48+0.57  12.03+2.94+1.22
Mppc(MeV/c?) 1690410 182345
I'ppc(MeV) <30 2lf::’,
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