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BEPC |l Storage ring: Large angle, double-ring
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World largest data sample directly collected in the
1-charm region
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BESIII: ~40 fb! data in E_,, = 2-4.95 GeV



Conventional & Exotic hadrons

o Quark Model 9 e

baryon meson

@ QCD allows for hadrons beyond Quark Model

® @

dibaryon Penta-quark tetra-quark
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hybrid glueball molecule
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J/w decays provide an ideal lab for light hadron physics
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Glueball searches

® Evidence of gluon self interaction
® Provide critical information on the gluon field

® quantitative understanding of confinement

Low lying glueballs with ordinary quantum number
—>mixing with qgbar mesons

Systematic studies needed
« Outnumbering of conventional QM states

« Abnormal properties ?
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Pseudoscalar glueball searches

The small number of expected pseudoscalars in the quark model
provide a clean and promising environment for the search of glueballs
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Where is the 0-* glueball? Long standing E-t puzzle
+ LQCD : 0+(2.3~2.6 GeV) n(1405)—>a,m
* Does n(1295) exist? n(1440) B
* the nature of the outnumbered 77(1405) ? n(1475)—->K* K




Events/(0.02GeV/c?)

Isospin-violating decay of n(1405) — f,(980)m"
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fo(980) is extremely narrow: I' = 10 MeV.
PDG: T'(fO(980)) = 40~100 MeV.

Anomalously large isospin violation:
Br(n(1405) — f0(980)7° — ntn—x0)

~ (179 =+ 4.2)%

Br(n(1405) — ag(980)7° — na%70)

_ Br(x, — f,(980)n° = n'n a")
Br(y.,—=a, (980).10 — T}JEGJIG)

Euf <1%(90% C.L.)| PRD, 83(2100)032003

However, the issue remains controversial as to whether two
pseudoscalar mesons really exist. According to Ref. [18] the
splitting of a single state could be due to nodes in the decay
amplitudes which differ in n77 and K*(892)K. Based on the
isospin violating decay J/1(1S) — ~3m observed by BES [19]
the splitting could also be due to a triangular singularity mixing
nrm and K*(892)K [20].

—>No need for two pseudoscalars around 1.4 GeV
- Look for pseudoscalar glueball in higher mass region  °




Events / 20MeV/c?

1(1405) in J/y hadronic decays
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arXiv:2209.11175, accepted by JHEP Phys. Rev. D97, 051101(2018)

Resonance M (MeV /c?) I'(MeV)

n(1405)  1391.7 £0.7t0L% 608 +1.2+35, T sizable ss component

-- likely to be radial excited states ?

n(1475)  1507.6 + 1.67355 115.8 + 241135




Pseudoscalars above 2 GeV

Very little was known for pseudoscalars above 2 GeV. Experimental results are
essential for mapping out the pseudoscalar excitations and searching for O glueball
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7(2225) 22161%t:% AgstiatM (2400101547 2810
7(2100) 2050130177 250139+1%7 (3.30 £ 0.0912:1%) 21.50
X(2500) 247011519 2301Sst3S (0.17 £0.0210:02) 8.80
fo(2100) 2102 211 (0 43 £ 0.0410-2%) 24.20
f2(2010) 2011 202 (0.35 £ 0.05793%) 9.50
f2(2300) 2297 149 (0.44 £ 0.0712%2) 6
f2(2340) 2339 319 (1:0L.£00752 21
0~* PHSP (2.74 £ 0.151% ;;) 6.8

Phys. Rev. D97, 051101 (2018)

Dominant contribution from pseudoscalars: n(2225), n(2100) and X(2500)

Three tensors f,(2010), f,(2300) and f,(2340)
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X(2370): new glueball candidate ?

An updated review of the new hadron states

6 Glueballs and light hybrid mesons 91
6.1 Glueballs. . . . . . . . . 92
6.1.1 Lattice QCD and QCD sum rule calculations. . . . . . . ... .. 93

6.1.2  Scalar glueballs and the fy(1500)/fo(1710). . . . . . . . . . . . .. 95

6.1.3 Tensor glueballs and the f5(2340). . . . . . . ... ... ... ... 100

< 6.1.4 Pseudoscalar glueballs and the X (2370). . . . . . .. .. . 101

We collect as many theoretical predictions on the pseudoscalar glueball mass as we
can, and summarize them in Fig. 71. The average value of the mass predictions obtained
after the year 1990 is

M|gg;0—+> ~ 2360 MeV . (125)

Accordingly, the resonance X(2370) first observed in 2010 [880] becomes a possible

candidate for the low-lying pseudoscalar glueball, whose mass and width were measured
to be [884]:

X (2370) : M = 2341.6 6.5+ 5.7 MeV, (126)
=117+ 10+8 MeV.

arXiv:2204.02649



QCD sum rules

X(2600): new glueball candidate ? Xivi2206 13133
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Motivated by the newly observed resonance X(2600) by BESIII Collaboration, we examine the
trigluon glueball interpretation for it in the framework of QCD sum rules. We evaluate the mass
spectra of the trigluon glueballs with quantum numbers 0~+ and 2=+ up to dimension 8 condensate
in the operator product expansion. Qur numerical results indicate that the mass of the 2~ trigluon
glueball is about 2.66 + 0.06 GeV, which is consistent with the mass of the X(2600) within the
uncertainties, while 0~ has a mass of 2.01 £ 0.14 GeV. The possible decay channels of the 2=+ state
are analyzed, which are crucial in decoding X (2600)’s internal structure and are hopefully measurable

in BESIII, BEIEII, PANDA, and LHCDb experiments.

Cases Possible decay channels
0~ two-gluon glueball — ao(980) + 7 {f0(500), f0(980)} +n
{£0(500), £0(980), fo(1370), fo(1500)} +n  mmm, m’, {n, n'} +7 + 7
fo(500) + fo(980) +n {ww, pp} + fo(500)
0~ trigluon glueball — fo(500) + fo(500) + {n, n'} NN
{f0(500), f0(980)} + a¢(980) + =
2~T two-gluon glueball — az(1320) + m fo(500) + f1(1285)
f2(1270) +n
112(1645) + £o(500) 2£1(1285), 2a1(1260), 2h1(1170)
{£2(1270), f5(1525)} + {n, n'} p+p+ fo(980)
2+ trigluon glueball — a3(1320) + fo(500) + 7 {ww, pp, w+ ¢} + fo(500)
{£2(1270), f5(1525)} + £o(500) + n h1(1170) + w + 7
{£2(1270), £5(1525)} + ao(980) + {h1(1170), hy(1415)} + p + 7
w+¢+n, {rr, ww, pp} +{n, '} NN, AA, X%, B2




Scalar glueball searches

* Why light scalar mesons are interesting?
« There have been hot debates on the existence of o and k
« g, k and fy(980) are also possible mutiquark states. They are all near threshold.

* Lattice QCD predicts the 0** scalar glueball mass ~ 1.6 GeV. f;(1500) and f,(1710) are good

candidates.

Name Mass [MeV/c?] Width [MeV/c?] Decays
fo(600) = | 400 — 1200 600 — 1000 T, Y
fo(980) % | 980 + 10 40 — 100 mm, KK, vy
fo(1370) = | 1200 — 1500 200 — 500 ww, pp, oo, 7(1300)w, aym, nmy, KK
fo(1500) = | 1507 £ 5 109+ 7 nr, oo, pp, ©(1300)w, aym, nm, '
KK, vy
fo(1710) = | 1718 £ 6 137 + 8 rw, KK, mm, ww, 7y
fo(1790)
f0(2020) 1992 + 16 442 + 60 PTT, T, PP, WW, N1
f0(2100) 2103 L7 206 £ 15 nww, °W, TRTT, 1, 1’
f0(2200) 2189 £ 13 238 + 50 am, KK, mm

Scalar mesons

@

Overpopulated!

ap(1450)
Qq

K5 (1950)
From M. Pennington
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Evts/25MeV Evts/25MeV Evts/25MeV Evts/30MeV Evts/30MeV Evts/25MeV  Evts/25MeV
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300 E
200 E
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3000
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750 F
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250 |
200
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100 E
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fo(1710) /£(1790) at BESIT experiment
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Flavor Tagging

wKTK~ < Peak around 1700 MeV/c?
(OZI rule: nn structure)

oK+*K~ «=» No peak around 1700 MeV/c?

025 05 075 1 1.25 1.5 1.75 2 2.25
n*n/K*K Mass (GeV/c?)

ortr~ < Enhancement at 1790 MeV/c?
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Events /0.020 GeV/c?

Amplitude analysis of J/{ - ynn

BESIII PRD 87, 092009 (2013)

—— : —— Resonance Mass (MeV/c?) Width (MeV/c?)
| | I

1 fo(1500) 1468715753 136236160 1652531 1150) X 107
200 |- -1 fo(1710) 1759 + 6+ 32 172 = 1072 D aS5ER 2o X 10

B 1 fo(2100) 2081 £ 1375¢ 27315070 (LI3Z5T050%%
150 |- 4 £3(1525) |59 € o 15 8 TSty (‘3.42:3;;‘-;:{3(7,‘) X 1073
- 1 £2(1810) 1822123492 229733745 (5407050222 X 10
100l 1 f2(2340) 236948+ 140 334150118 (5:60138+237) X 1075

=0 . * £5(1710) and f,(2100) are dominant scalars
. ]

15 2 25
M., (GeV/c?)

w

 £,'(1525) is the dominant tensor

* £,(1810) and f,(2340) exist

Branching fraction of f;(1710) around 10 times larger than f,(1500) !
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Events / 20 MeV/c?

Amplitude analysis of J/{ - YKJIKJ

BESIII PRD 98,072003 2018) oo ™\ Mev/ed) T (MeV/d)

Branching fraction

6000 3 » Hata K*(892) 896 48
: - PHSP MC K,(1270) 1272 90
e = sl NG f0(1370) 1350 £ 9412 23142128
4000 fo(1500) 1505 109
- fo(1710) 1765 £2+1 1464377
: | fo(1790) 1870 £ 717 146 £ 141,
000 TR Oy T, £0(2200) 2184 £5 364+ 9
1000 [ f0(2330) 24114+10+£7 3494 1813
O Z- va b v bla cadagwladg el e ) da b iwilisy f2(1270) 1275 185
1 12 14 16 18 2 22 24 26 28 3 f’2(1525) 1516 & 1 75 4+1+1
Mass(KK;) [GeV/c?] £2(2340) 2233 £3415. 507 + 37418

(628701570%) x 105
(854112 213) x 1077
(1.
(1.597016:01%) 10
00+0.03+0.31) X 10—4

—0.02—0.10
x 107

(11145067055
(2728006 toa7 ) x 1074
(49550 51155) x 1075

)

)
(2.585092020) x 107

)

)

(7:99 504 "050) X 107
(5-54530 19) X 107°

* f,(1710) and f,(2200) are dominant scalars, f,’(1525), f,(2340) are the dominant tensor

Branching fraction of f;(1710) also around 10 times larger than f;(1500) !
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Extracted Intensity

- % o E-
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250 | —e— Data
[ | Projection (a)
C -wmm X(1810)
: 200 = ’ : --e-ee f_0(2020)
2 L : weee §_2(1950)
> - : | — — 1(2225)
5 150 — - - Phase-space
3 : : LS —— Background
S [
= 100}
e -
m -
> =
L 50
- " PRD 87, 032008(2013) o e
] 2 2.5 3
O||lll|llllllll|lllllllll Ll VPSR § | 2
- 1 : L ’ g M(K'Kt*n %) (GeV/c?)

M2(yr*nn®)(GeV/c?)?
® Clear enhancement with JP=0*
M= 1795+7+13 . +19(model) MeV/c?,
r=95+10+21;, +75(model) MeV

® the same as f,(1710)/f,(1790), or a new state ? Pure glueball cannot decay to w¢
20



Ampln‘ude analysus of J/¥ - ynn’

400F ™ T T Since glueball decays to the nn’ final state are suppressed
N . (a) Xz/nbm = 1.57 due to gauge duality, the nn’ final state is a crucial probe for
% 300 % e - distinguishing glueballs from conventional mesons
= =i ]
T 200 e B
E C it projection (exclude n) ] —
5 ool " oviatt oo tmcsmetn]  B(fo(1500) — 117)/B(fo(1500) — ) = (1.66+%:42) x 10!
> -
- X | _ - B(fy(1810) — nn')/B(fo(1710) — nmr) = (2. 9+ ) x 1073
o'-1-{5—--=f—>--2~4‘ et B(£0(1710) — 77)/B(f5(1710) — 77) < (2.87) x 1073
Mn)(GeV/c?)
PRD 106, 072012 (2022)
Resonance M MeV/c?) T MeV) Mppg MeV/c?) I'ppg MeV) B.F. (x107°)
f0(1500) 1506 112 1506 112 1.81 £ 0.117913
f0(1810) 1795 95 1795 95  0.11+0.01%)5
f0(2020) 2010+ 6% 203 +9*° 1992 442 2.2840.12707
f0(2330) 2312+717 6541073, 2314 144 0.104+0.02755, .




Scalar glueball candidate: f,(1710)

Flavor-blindness of glueball decays

1

L(J/¢ = vGo+) = EO‘M|2| |E1(0)|* = 0.35(8)keV — (G KK :qn:nqn':n'n')=3:4:1:0:1
I'/T\pr = 0.33(7)/93.2 = 3.8(9) X 103 PS5,
CLQCD, Phys. Rev. Lett. 110, 021601 (2013) *with chiral suppression
i PRL 98 149103
: r(G - r'G - KK) fl 0.48
Experimental results ) /T( 7
>B(Ihy > yi,(1710) > yKK)=(8.5*12) x 10~ i

>B(Jhy > y£,(1710) > ynm)=(4.0+1.0)x 10~*

>B(y > y£,(1710) > yoo)=(3.1£1.0)x 10~ —T(G » nm: KK:mn) ~ 1.3:3.16: 1

P.S.
>BI/y > vf(1710) > ynn)=(2.35* 3131 325)x 1074

= B(/y > yf,(1710)) > 1.7x 1073

f0(1710) largely overlapped with scalar glueball

22



Events / (0.02 GeV/c?)

1
1
1

Ao

Ampll’rude analysis of J/y — ynn’

400 ]
: ¥?/Nbins = 1.21 (a) 3
200 | —+ Data B
=3 — Fit Projections
000 —-o++ PHSP 5
800 - - f0_2020 —
E --- f0_2330 ]
600F « 4 L. f0_2480 ]
- T h1_1415 =
400 = - f2_2340 ]
200 |- e E
0P ——%xr"‘"i:"—""‘_'wu_f-':'“'—_ -
4 E
2
0
-2 =
-4

The dominant contributions are from the scalars,
f0(2020), the same as f,(2010) in J /I = yn'n
J/U — yKsKs?

Coupled channel analysis is essential!

', £,(2100) in

The structure around 2.1 GeV has a large production in
] /W radiative decays

PRD 105, 072002 (2022)

Resonance M(MeV/c?) I'(MeV) B.F.

f0(2020) 1982 + 3134 436 & 4155 (2.63 £ 0.061231) x 10~

£0(2330) 2312 + 2+10 134 £ 5530 (6.09 £+ 0.647) x 1076
f0(2480) 2470 + 47 75 + 91 (8.18 £ 1. 77+§; ) x 1077
h,(1415) 1384 &+ 67, 66 + 1013 (4.69 £ 0.802:74) x 1077

£2(2340) 2346 + 8127 3300400 (8.67 £ 0.70+° 2 5 1072

0*++ PHSP (1.17 :|:0.23+4 2 % 102

23




Tensor glueball searches I/ = Yo

C\l(\)2500 - o gme: ;n:epe:delm
%2000 s = 0 modi:l mdp::er:ent
L'(J/Y — vGat+) = 1.01(22)keV = :95*#’;.‘ "0 o dwmdn
o o ‘ - -.- - ;" x::‘d emm
I‘(J/’l,b — 7G2+)/Ftot = 1.1 X 10_2 21500 0? :*S,_‘ o
w :
CLOCD, Phys. Rev. Lett. 111, 091601 (2013) 21000¢ ¥ Heer,,
"E i ..5-.: *:o:,_...
Experimental results W 500F W e
n,_!‘l‘r—': Sadd .0‘;1 ..\_ - Taa
0 62+2 37 s O - at "'."t:tt-m__‘im
Br(J/v — vf,(2340) = yn) = (3.87¢s_, ,, ) x 10 2 2:2 2.4 2.6
Phys.Rev. D87, 092009 (2013) (f) M(0d) (GeV/c?)
Br(J/y — f,(2340) = yddp) = (1.91£0.14") 2 )x107*
Phys.Rev. D93, 112011 (2016) f»(2010), f»(2300) and f»(2340) are observed
Br(J/w — vf,(2340) — YK K ) = (5.54™" iéffﬁ)x 10-5| | with a strong production of f2(2340); consist with
Phys.Rev. D98, 072003 (2018) central production and pp-bar annihilations

It is desirable to search for more decay modes
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Landscape of light glueball has updated

/Scalar : Overpopulation

« LQCD : ground state 0* glueball
~1.7 GeV, first excitation ~2.1 -

v Strong production of N

y m/KK/nm, the pattern
consists with LQCD’ s
prediction

above 2 GeV, puzzles in low mass »
region

+ LQCD : 0+(2.3~2.6 GeV)
\

_ GeV )
4 v Strong productionof
Tensor : large uncertainty =) 253)10);'2 c%lslj ;SVVUR(]KK/

« LQCD : 2+*(2.3~2.4 GeV) LQCD’ s prediction
N J
Pseudoscalar : very little known v Trajectory : A

. £,(1285), no n(1295)

* n(1405) /n(1475) can be

one resonance
OAbove 2 GeV: X(2370)?

/
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Exotics searches

» Mutiquarks

« States with exotic JP¢

* Four quark matter: Z, particles
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Nature of a,(980) — f,(980)

 The nature of ground state scalar a;,(980) and f,(980) are controversial

Ss f, a,/f,
sn Ko Ko . — _
gqq mesons, KK molecules, tetraquarks, hybrids,... :
ﬁn aolfu fo
Quark model Experimental data

* a0(980) — £,(980) mixing (proposed in 1979) is very sensitive to KK coupling,
which is an important probe to the internal structure of a;(980) and f;,(980)

800 850 900 950 1000 1050 1100 1150
200 . . 5 é & 200

—_—A
\ ==p
150 ==+ Clis0

987MeV 995MeV
1004 4100

-_—
- = - o

504 450

S ——-

dr/r,,dm. (10°MeV-)

0- 0
800 850 900 950 1000 1050 1100 1150

m,,(MeV) 27




- — 17(07)
— ¢07(17)
ay(980) — f((980) mixing |, _ - -
n0%(0™)
1100 Y of . * -
g 80 50 0+0+) 10+ 1O o) e LD
C > -
S & :g PRD75 114012,PRD76, 074028 PR D78 074017
~ 40} il :
& | 20F a KR VT
c 20} 2 GtdT KR g xqdg
> C o 10:
w 0= N —~~
. w o SO
. >
PRL 121,022001(2018) Q 3k
Y C
&(';16 % 3 2
D 12 2
=10 0

First observation with > 50

Events /

il L _
TR TRET R LM Favors the multiqguark model!
M.._ (GeV/c?)
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pp threshold enhancement X(pp) : Baryonium state?

T T T T T T T T T T T |

* First observed in]J/{ = ypp at BESII, § 0 PRL 108 112003 (a)E
confirmed by BESIII and CLEO-c & 00K
_ e 4 & 500f
* PWAof ]/ - ypp : JP¢ = 0 S 400}
* The fit with a BW and S-wave FSI (1=0) factor Z 300k
can well describe pp mass threshold structure § éOOE
. . . 88 -
* Non-observation in hadronic decays: not 100k

from pure FSI

TR "02 '”03
M__-2m., (GeV/cz)

SO
oF™

E 500 1000 T |
80 F —oait  J/ PP «sof- (a) soo- (D) o | o |
e e el g o st JyDopp G ‘P(3686)-)¢ p
§ E o SxN‘”;{J/l,-ta ®X(pp)) 3 BOE —*- Data 2 700 S -
® 60 F non-resonant contribution Z 300 — Global Fit = 600 S
o o  sideband fit = 250E __ X(pP) T 500 >
5 50 3 o sideband data a ?:2 - - Background a ;z . 1 8
g = @
e 40 ? e 100 @ 200 s 2 i
*2 30 :L _l_ 50 100 & . s b=
[ C, 0 0 Q
> 20 E oot ==t z 0.4 -1 = 04F S >
w E 1 Ries e il | T s =
10 E%., Bosk e CET] TR =i
T W ol ~ccmmm===" = . L bl L TT TP Py YU
o ESSNNDSOIMANNININNNNANINNINNN 0.1 o 0.1 0
0 005 0.1 0.15 0.2 0.()00 0(.) -0 o_goo oé) 0-0 0 005 01 015
: : : 0. .05 0.1 . 05 R
2
M(pp)-2mp (GeV/c?) M_;-2m, (Gev/c?) M,_;-2m;, (GeV/c?) Mpp-2mp (GeV/c?)

PRD87,112014(2013) PRD93,052010(2016) PR D99 112010(2019)



Events/(0.02GeV/c?)

Anomalous line shape of n't*'rt near pp mass threshold

o N

N I B

X(1835) observed in J/y-yn'ntn- X(pp) observed in ]J/y—ypp
X(1835) J*=0"* X(pp) JF¢=0"*
M= 1844 + 9732 MeV/c? M = 1832+19+18 4 19 MeV/c?
=13+ 19 MeV/c?
e . [ = 192+20+62 M 2 T
E " . ~17-43 MeV/c (< 76 MeV/c? @ 90% C.L.)
¢ 14 16 1.8 20 22 24 26 28
M’ )(GeV/c?) PRL 106, 072002 (2011)

connection between X(1835) and X(pp)

—

Events/(0.005GeV/c?)

c38838883

PRL 108, 112003 (2012)

M -2m,(GeV/c?)

IIII]IIII]IIII]IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

The anomalous line shape :

-- 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

Events / (10 MeV/c?

'(DIIII|IIII|IIII|IIIIIIIII

P =)

—+— Data 7
== Global Fit =
----- f,(1510) E

---X(1835)+X(18707
--—-X(2120) ]
— Non-Resonant |
I Background
-------- pp threshold ]|

2 24 22

M) (GeV/c?)
PRL 117, 042002 (2016)
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New decay modes of X(1835)

J/P->vy 3(mtm)

<, 300

2250

EVENTS/(10 MeV/c
S o o
o o o

RN LA AR RN

(9)]
o

I‘—IIII|II\I‘I\II|III

¢ yield/(0.035 GeV/c?)

o

7 18 19 2
M(3(m*1)) (GeVic)

16

PRD 88, 091502 (2013)

X(1840) - 3(rt*mt) , new decay mode?

2.1

400

300

200

100

o=
1.2

I->vyd

LI

III|IIII|IIII|IIII|_L

.......
..........

T ] T LI I T T T I T T | T

(b)

IIII|IIIIIIIII|I'

%

"“'“"““'."'“““'"“”“”““"'”\‘4"'.'-“

ST L TN TR WY TY. DS | oo

1.4 1.6 1.8 2
M(yo) (GeV/c?)

PRD97, 051101(2018)

X(1840) = vy ¢, sizable sS component

Events / 0.02 GeV/c?

J/ J éy KK

] | | ¥ BE N g
801 (a) lenbm = 1.40 E
70 —+— Data 7
2 — MC projection ]

60F Il Background
B ---- X(1835) .
50 — - X(1560) =
- Phase space
a0 :
108k, ;i -
01-.6 1.8 2.0 22 24 26 2.8

Moo, (GeV/c?)
PRL 115, 091803(2018)
X(1835)>K (K o with JPC=0*

More experimental results needed to understand the structures around 1.85 GeV
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Exotics (3°¢=0-0+ 1+ 2 + 3+ )

o JP¢ exotic particles: beyond the naive quark model

o easily to distinguish from others due to the exotic JP¢
o production rate and dynamics are not well understood
o candidates? m;(1400), m;(1600), m;(2150)

et
Xet 7 N@T 7

60 a (980)TC
: CLEO . a,(1320)10
| s (T)N
a0l -=-o H,(1270)" |
_ — m,(1600)T
20+
R S

05 10 15 2

loaksdanhs ..1-..,...|..-L--| J- -'_.-
0 25 3.0 35

M(n'r) [GeV/c?]
PRD84 (2011) 112009

Evidence of m(1600) was seen |

Xc7 decays: an important source for exotics

® Only T, are observed. Isoscalar 1~ is critical to establish the
nonet

® [soscalar 1-*is expected to be produced |/ radiative decays

® /U - vy+am/nf/KiK/m'/nf, /...,

® Synergies between other experiments with different production
mechanism



events / 10 MeV/c?

Search for exotics with JP¢= 1+

PRD95, 032002(2017)

600 . a.(980)n s ... a (980)x
- a) aZEI323])n: ~ 600F D) 3251323;)3
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500} - 31” S s00f -
C - ”’1?2"7"0 - :---f“’iqz’?o
400E - 520503?, E 400 3 e f 52050%
- N :
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0.5 1 1.5 2 25 3 3.5 0.5 1 ) 25
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MA(n*m) [GeV/c?F

* Clear evidence for a,(1700) in x.decays.

* First measurement of g,,,; # 0 using a,(980) — nm line shape
- Measured upper limits for m;(17") in 1.4 - 2.0 GeV/c? region
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Observation of 1;(1855) in J/y-ynn’

400 FT—— T T T T T
e L 4 (a) x¥dof = 1.57 ]
& - + x“/dof = 1. -
S 300 [ § o 1 & 200
[0 [ 44 o i o -
E; s — 4+ - S
— 200§ — 1" (n(1855)) - 2
+ ‘ it projection (exclude n) ] S 100
GCJ % — PWA fit projection (baseline fit) 4 L
S 100 [ ¢ —
Ll
~ ey 2 —_—
0 Lo > L O P —weabaes o . 0 e
1.5 2 2.5 3 -1 -0.5

Mnn)(GeV/c?)
PRL129, 192002(2022)

Isoscalar state with exotic quantum numbers JP¢=1""
Critical to establish the 1-* hybrid nonet |

() x¥dof = 0.96

M = 1855 + 9% MeV/c?
I' =188 + 183 MeV
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Prospects: 10B J/y and 2.7B y(2S) provide great opportunities

® 0*, 2" : coupled channel analysis

or [2° |0 ® J/|—>yPP
J/Y—>yPP ® J/Y—w/@ + X
J/Y>yVWV ® (- : trajectory >2 GeV, X(2370)
J/Y->yPPP o ViroyPer
J/Y->yPPPP 01 vy

® J/y—ynd

® Y1~ 7777§’);7T7T1

Anti filter: —
N _
C \. TLTL c S5

Flavor Filters : J/U—~>w/d + X 35



Events / 0.01 GeV/c?
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4 Data
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«=«= Background fit

==+ PHSP MC

PRL110, 252001 (2013)

M = 3899.013.61t4.9 MeV
I' =46+10+20 MeV

Observation of four-quark state z,(3900) in ete'— n*nJ/P

Confirmed by Belle and CLEOc: established !
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Events / 0.01 GeV/c?

The Z_ states
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Observation of Z_(3985): SU(3) partner of Z,
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Summary

Data with unprecedented statistical accuracy from BESIII provides great opportunities to
search for glueballs and exotics

To obtain a complete picture, different experiments with complementary information are
needed

To explore the high statistics data sets, more advanced tools and closer experimental-
theoretical cooperation are needed

It is crucial for theoretical studies to provide information of the production property

BEPCII/BESIII upgrades in 2024, then continues to take data till ~2030



Many thanks for your attention!



