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QCD allows the existence of exotic hadrons Rent ProgPhys. 86 (2023) 2, 026201

multi — quark states gluonic excitatipns

(e) two- and three-gluon glueballs
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quark model QCD exotics

A lot of exotic states observed experimentally, the nature of them is far from being
understood
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World's Largest t-charm Data Sets in e " e~ Annihilation

Beijing Electron Positron Collider (BEPCII)

s

BESII
detector

beam energy: 1.0 - 2.3(2. 45) GeV

* 1989-2004 (BEPC):

Lpeak=1.0x10%! /cm?s

* 2004: started BEPCIl upgrade,
BESIII construction

* 2008: test run
* 2009-now (BEPCII):

Lpeak= 1.0 x10% /cm?(4/5/2016)
2020: energy upgrade to 2.45
GeV & top-up mode

\ ‘Le"‘ /w

Ideal 1ab for light hadron physics
* Clean high statistics data samples

 Well defined initial and final states

e Kinematic constraints

« 1(JPO) filter

* “Gluon-rich” processes

rg/y-ye6)>rJ/y-yH)>r(J/y->yM)
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Glueballs

 Low-lying glueballs with ordinary J¥¢ (0**,2%*,071)
—> mixing with qg mesons
» Non-qq nature difficult to established: Cryptoexotic
» Supernumerary states
» Unusual pattern of production and decay
* Scalar glueball is expected to have a large production in J /Y
radiative decays: B(J /Y = yG,+)=3.8(9) x 1073 by Lattice
QCD
* Observed B(J/Y = yf,(1710)) is X 10 larger than f,(1500)
» BESIII: f,(1710) largely overlapped with scalar glueball

PRD 87 092009 (2013)
PRD 92 052003 (2015)
PRD 98 072003 (2018)

phenomenology studies of coupled channel analysis with BESIII results:
PLB 816, 136227 (2021), EPJC 82,80 (2022)
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Lattice QCD predictions
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J/Y = vfo(1500) J/¢p = vfo(1710)
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More scalar mesons at BESIII

PRD105, L051103 (2022)
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* ay(1817) could be the isospin one partner of the SU(3); octet f,(1800)
* The possibility of the f;(1710) as the scalar glueball cannot be excluded



Light hadrons with exotic quantum numbers

» Unambiguous signature for exotics

Light Flavor-exotic hard to establish
Exotic quantum numbers forbidden for
simple gg system

Efforts concentrate on Spin-exotic

e JPC=0"",event,0dd "t (17 1)

Quarkon
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Hybrids @A@®
_|_
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HYb rids Lattice QCD Predictions:

exotics

* Lowe-lying hybrids can have exotic quantum numbers 2.5Gev n: i:
 The exotic /”¢ = 1~ *nonet of hybrids is predicted to be the _ ;:{
lightest - =
* Only isovector candidates m,(1400),7,(1600), SRD 831 ;1520:(2011,
m1(2015) observed yet - IG(]PC); 1- (1)
* 111 (1400), 11, (1600) can be explained as one \ K, 190P)=1 (17)

resonance with recent coupled channel analysis R
GPCY— O+ (1—+ ny PJT)=07(17
» Isoscalar 1~ is critical to establish the hybrid nonet n BT =077

o
. . . . c
* Can be produced in the gluon-rich J /1 radiative decays w,
c
« Candecay to nn’ in P-wave F(Jly — yH) ~ O(aca’)
PRD 83,014021 (2011)
PRD 83,014006 (2011) 7

Eur.Phys.].Plus 135, 945(2020)



Observation of An Exotic Isoscalar State n,(1855) (1~ ") inJ/y — ynn’

« Partial wave analysis of J /i — ynn’

Quasi two-body decay amplitudes in the sequential decay
processes J /Y - yX,X - nn'and J /Y - nX,X — yn' and
J/W¥ — n'X,X — yn are constructed using the covariant
tensor formalism

« All kinematically allowed known resonances with 0%+, 2+,
4%+ (mm") and 1*~, 17~ (yn)) are considered

1% in nn’ is also considered (/1 not identical particle)

« Anisoscalar resonance with exotic J*¢ = 1~ *,1,(1855), has
been firstly observed with significance larger than 19¢

M = 1855+ 9% MeV/c?; T = (188 4+ 1813 MeV)
B(J/y - yn,(1855) = ynn') = (2.70 + 0411318y x 107°

» Consistent with LQCD calculation for the 1~ * hybrid
(1.7~2.1 GeV/c?)

» Hybrid? Molecule? Tetraquark? ... needs further study

Events/(10MeV/c?)

Events/(20MeV/c?)
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o
o

PRL 129, 192002 (2022)
PRL 130, 159901 (2023)
PRD 106,072012 (2022)
PRD 107,079901 (2023)
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Observation of An Exotic Isoscalar State n,(1855) (1~ ") inJ/ 1/) — )/7777

* Angular distribution expressed as an expansion in
terms of Legendre polynomials model-
. N,
independently 1= 3 wrdcoss)
i=1

* Related to the spin-0(S), spin-1(P), spin-2(D)
amplitudes in nn’ by :

Var <Y >=S% + P¢ + P? + D2 + D? + D?

— ¢,

+Data - Sideband

—PWA fit projection
.. PWA fit projection
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Var <YP > = 2SpPycosp, + \%(ZPODO cos(¢p, — ¢p,) + V3P, D, cos(¢pp,
VAT < Y0 > = 7#@(14135 — 7P + 10D + 5D — 10D3) + 2S,Dgcos¢p,

6
Var < Y3 > = N (V3P Dy cos(¢p, — Pp,) — P1Dy cos(pp, — ¢p,))

VAT < Y¥{ > =2(6D§ —4D? + D?)

e <Y{> Indicates significant P-wave needed

« Innn'system, onlyn; (17) contribute P-wave
» Need forn,(1855)
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Discussions about f((1500) & f,(1710)

* Decay properties :

* The pure glueball is a flavor singlet, the process G —

nn' is significantly suppressed .

B(G - nn')/B(G —» i) < 0.04
* Significant f,(1500)

B(fo(1500)-nm) _ (1 66+0'42) % 101

B(f,(1500)-7r) 0.40

* Absence of f;,(1710)

Bo(A710)2>11) - 5 g7 « 10~3 @90% C. L.

B(fp(1710)-mm)

ecay mode esonance M (MeV/c?) T'(MeV) Mppe (MeV/c?) I'ppe (MeV) F(x1075) Sig.
Decay mod R V[ (MeV/ I'(MeV) M MeV/c?) 1 MeV) B.E (x10 Sig
fo(1500) 1506 112 1506 112 1810114219 5300 |
fo(1810) 1795 95 1795 95 0.114+0.017903 1l.1e
fo(2020) 201061  203+9*}F 1992 442 2.2840.12*10-2% 24.60
T/ — X — o’ | fo(2330) 23124777 654101, 27 . 027005 13.20
1/ X m' | fo(2330) 23124777 654101, 2314 144 0.104£0.021555 13.2
n1(1855)  18554£97¢  188+1873 0.274£0.04%0:92 21.40
f2(1565) 1542 122 1542 122 0.32+0.051042 874
22010 206267 . e Z 202 A 06 340
£2(2010)  2062+£6F10 165417510 2011 202 0.71+0.0615:10 13,4
£4(2050) 2018 237 2018 237 0.06+0.01190% 460
. 0.01
0+ PHSP - - - - 1.4440.1510-20 1570
Jjap— ' X = | hy(1415) 1416 90 1416 90 0.08+0.0175 03 10.20
hy(1505) 1584 384 1584 384 0.16£0.02709% 9.9

»Supports to the hypothesis that f,(1710) overlaps with the ground state scalar (0*") glueball
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Partial Wave Analysis of J/y — yn'n’

Observation of the three f, and one f,

PRD 105,072002 (2022)

Resonance M{MeV /) I'{MeV) B.F Significance (a)
New state f,(2480) fo(2020) 1982 + 3754 436 + 41% (2,63 + 0.06:03)) x 10~ 25
ful2330) 2312+ 275)° 134 £ 5150 (6.09 + 0.64775) x 107 16.3
Fo(2480) 2470 + 47 * 75 £ 971t (B8 + 1775333 % 1077 5.2
* Components of fo(2020) hy (1415) 1384 + 67 66+ 10712 (4.69 iu.ml_'f'ff] x 1077 5.3
] f2(2340) 2346 + 877 332+ 14778 (8.67 £ 0.70774]) x 10-# 16.1
flavor singlet (7" PHSP (1.17 £ 023577 = 107 15.7
r'(fy(2020 !
r (fO (2 02 0) _)n ,n ’) Combined Fit Result of Jly—yn'n' Combined Fit Result of Jiy—yn'n’'
“E FiNbins=152 ] *
* New decay mode of tensor glueball candidate f,(2340) "t . TE ) =
1000~ — - 10_phsp aH . —E'ﬂﬂ
3wk -y E g 5 :::zmi
—_— +062 +237 —5 g ; :rl__zl‘flnﬁ 3 40 — r230
B(J/Y - vf2(2340) - ynn) = 3.8Z5¢5 25707 X 10 ;b 1l
PRD 87, 092009 £l 1 é -7
. an ST
B 2340 =191+ 0.14%072 x 10~* “¢ . A
J/W - vf, - ypo Il 014 573 X D ) oy
PRD93,112011 e 3 s A : —
’ c B Ut ., . +”+H T .
B(/Y — v£,(2340) - yKsKs) = 55470344382 x 1075 L4 i +*+ *+ ks INRE Sk v
PRD 98’ 072003 1 ] 23 MI“‘[:’G‘LWCJ] ik 28 14 2 22 M".n[i;w: ] in 28

B(J/¢ - vf»(2340) - yn'n’) = 3.81362+237 x 107
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Partial Wave AnaIYSiS of ] / ll) — YK 2 K 271'0 JHEP03(2023)121

* Mass Independent PWA(MI)
explore the lineshape of K Kdn° invariant
mass for the different decay modes, and

minimize bias from model dynamics of the
intermediate states

« Non-trivial 0~ * line shape

* Mass Dependent PWA(MD)
extract the resonance parameters of the
intermediate states

* Two resonances parameterization

Events/(0.005GeV/c2)

..
I I I N 7]
- '_ -.--D-:_._ _'
4000 (a) ’_\12000 . —4- Data . (a) ]
E L 07 (MI .- .- ]
3500 & 1’ 10000 |- o -
= 4 Data (7C fit) > ... 0™(MD) e g ]
= (0] - R A -
S000E" __pata (ac fit o 8000 —— 1) -~ . p
= = C . R ]
2500E" . pHSP MC (7C fit S 6000f " M) o . 3
2000 - 2 F ——27(MI) % e
3 o 4000 2 (MD . ", -
1500 3 ] r --27(MD) "* -h--.-*
1000 - 2000 v et
E ”"-o- 5 .
500 - 3 tiedil
3 125 13 135 14 145 15 155 1.6
R | - AEEE PEEEE PR PEEEE PR PR R,
0715 12 125 13 135 14 145 15 155 18 M(KZKSn®)(GeV/c?)
M(KZKx?)(GeV/c?) . . .
dominant spin-parity components
2 = I Trrr[rrrrrrrrprerrr[rrrrprrrrprroy l Tr1r g
Resonance M(MeV /¢ T'(MeV C ]
( /<) ( ) 12000 = —4- pats M** (b) -
n(1405)| 13917 £0.715%3  60.8 £ 1.21530, % 10000F + o€ ae E
> - - .
8 [ e 07 (K2R, (MDY ]
. 8000 | - =
n(1475)]  1507.6 £ 1.67355 1158+ 24705 g o o, as 1
112 155 g 6000 L 07— (K220 KY(MD) »h-*« - ]
f1(1285)  1280.2+0.6712 282+ 1.175) 2 - et R 3
; K 2 [ - S ]
CI>J 4000 — .:"" J "",, o -
f1(1420) 143354+ 1.1727° 959+ 237138 w »oook- o e ]
— : [ e, et e ]
f2(1525) 15154+ 25732 64.0 =4.3729 0 S s A TV T T T
125 1.3 135 14 145 15 155 16
MD PWA dominant components M(KK3) (GeVic?)

dominant decay modes for the
pseudoscalar component
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10B J /Y
New statesin /Y —» yntn™n’ BRL 129, 042001 (2022

— 35F ' =
13B ]/l/) % 3[;-_ gaa::akgrnund nc"'"""" _
PRL 117 042002(2016) & 2t ]
— - %(1835)
: al S 0r X(2120) X(2370) yoocom * _
225M J /Y %_:DBE‘;:BESM | T Phsp MC S 15k ‘l ‘l' | }I‘ L3
PRL 106 072002(2011)  Sx00t | Be=uned e S &
o~ — 525’5’“? X(1835) x(2120) 2 st ]
2 500  X(1835) ¢ 2370 2000 - X(2370) el S gl
3 P\ X(2120) ‘Eﬁm— _'"-...-""'"-_'_;"""'.\'.-*'-..H K 0 1.5 ) 3
g 4“‘}5 8 P I Grooof: 11510y 7 Mn'n'n] (GeV/c?)
2 3m§_ I 502 o Observation of
58M]/II} g 200 g_ﬂusm ’ ’ 14 1.6 1IBM[T$n‘n?]IfGB‘?I;’?G2}2I6 28 3 X(2600)
PRL 95 262001(2005) s~ Observation of
g 120 14 16 1.8 2.0 Eﬁr:“iﬁg\?kg}& anomalous line
2 : shape at
S 80 Observation of thll')eshol q
s | X(2120),X(2370)
g |
=
L 0 . . . .
1.4 2.0 2.6
M(r*zm") (GeV/c?)
Observation of X(1835)
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A New State X(2600) ObservedinJ/y - yrtn™n’

PRL 129, 042001 (2022)

LA LARS LA RELNR LN LERS |

* To study X(2600) parameters, a simultaneous fit to
n'mtn~ and ntn~ is performed

;o Y i b
SR ITAT RN T o (. AP PP P

9554 55 " 5e 27 2?32 9 5% 25 26 27 2.'32
Mn,n.n_(GeV!c ) Mﬂln.t_(GeWc )

 The structure in M(7t* ™) well described with the

interference between f;(1500) and X(1540) S ©
= 3000f E 3
T200p 3
= 20004 3 3
1500 2 T, N 3 :
@>200  Mass (MeV/c?) Width (MeV) grooof Tl TN
fo(1500)  1492.5 £ 3'6-—1-%0%5 107 = gtgl X(2600) 029394 95 16 17 18 19 9279374 15 16 17 18 19
X(1540) 1540.2+ 7.013%° 157 £19F0; PC_ 0-+or 2+ M.+ (GeV/c?) M,.(GeVic?)
X(2600) 2618.34+2.071%% 105 +57%8 J = or < 2 < 2 70
ey 120 =
% 18F E 1.8F 00
Case fo(1500) X(1540) e 0= 50
= 16} 80 345} 40
Events 24585 + 1689 21203 + 1456 o "
BF (x10°%) 3.00 4 0.21*11 2,60+ 0.19+5-2 14} 40 145 20
12F 20 12F 10
2j2 2j4 2jﬁ 2j8 0 212 2:4 2..6 213 0
M., (GeVic?) M. (GeVic?)

reconstruct n’ from yn*n~ (left) & n(— yy)n*n~ (right)
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Observation of X(1835), X(2120) and X(2370) in / /1 EM Dalitz

Decays + o=t !
—
]/lp e e T[ T[ r] PRL 129, 022002
- En‘—lwfﬂ:' mode -_-": ?j?:téizrmm;l _ :n‘—lm"m'[ mode ._.J: Sﬁi\:g:—xumml
< 200F ===- Xaum) N (1] === a1 -
2 oo ! —t
: 2 oF 110 e 12 O
» Confirmation of X(1835),X(2120),X(2370) N ey g i ol Ml 1
. . - = = 5.3 t
previously observed in J /Y — yn*n™n 2 10 7.30 z "
- - ¥
- 5 -
- sof =
“Id 16-“18 Zﬂl 12 24 2;-28 ﬂld -Iﬁ .Ilﬂ ZI} 22 24 -26 28
M - (GeV/c?) M. - AGeV/ch)

reconstruct n’ from yn*tm~(left) & n(- yy)n m~ (right)

* Measurement of the Transition Form Factor of /] /i —
ete™X(1835)
»Gives additional information of the internal structure of X(1835)

dr(j/yp-x(1835)ete™) 22 , s
dq?T'(J/—X(1835)y) |F(q1)| X [QED(q)|,
2 — R
F(q)_l—qz/Az' . N Lluli
A =1.75 £ 0.29 + 0.05 GeV/c? 0t 04 S e 15

.. (GeV/c?)



Summary

 Exciting results from new J /1 data are presented

* Isoscalar 1~ * exotic: 1, (1855)

* New state X(2600) in J /Y radiative decays

* Data with unprecedented statistical accuracy from BESIII provides great

opportunities to study QCD exotics. Will continue to run until ~2030
« BESIII is in good status, inner detector upgrade in progress;

»BEPCII-U: 3x upgrade on luminosity

16



Thank you for your attention!
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For comparison

Baseline set of amplitudes

TS?_ +Data - Sideband basaline f
3 100} FVR i pjecion ey
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1.5 2 25 3
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® Narrow structure in < Y > cannot be described by resonances in yn(n")

Need for the 11(1855) P-wave

©
>
®
=
o
=
E
5
3
=
=y
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Weight sum/(10 MeV/c?)

10]- |

o
T T

15 2 25 3
M(m)(GeV/c?)

» 1n,(1855) - nn' needed

Weight sum/(10 MeV/c?)

Weight sum/(10 MeV/c?)

100

PDG-optimized set of amplitudes

Can not be described only with
17~ and 17~ sgakagin yn(n")

I

+Data - Sideband
—PWA fit projection (PDG optimized)

Weight sum/(10 MeV/c?)

Weight sum/(10 MeV/c?)

2 2i5
M()(GeV/c?)

M’ )(GeV/c )
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Angular moments without contribution from D wave and F wave

P wave P wave
< Y2 >od—SPeos(9p) + —= PDC0s(dp — $p) + = DFcos(pp — ¢r) < Y0 > - <yd > 20 oy 5 T Z gpeos(gy)
1 Nt Pp N ¢p — dp V35 e e 1 9o 3 225 ~ 5 7 7| V3 P
—_ +Data - Sideband IR
S 40 —P'?Mi fit ;IJr?Jjeac":ion (baseline fit) T‘:E 40
““:; i ‘ ..PWA fit projection (exclude n1) >
= | h “Ir (Y% >
o i '.‘ —
E o0l | l | 1 ;: 20
% : | | j;:‘ '=. %
— B ki i E-;I I'*',-,,,,; : + I e 0
_CCJJ il R :i ' M i (&)
-6 0 ] .5' + ++Hl ' + ‘* F ot P -6
= [ N l l =
1.5 2 2.5 3
M(m')(GeV/c?)

The blue line becomes flat from a peak structure
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Further checks on the 1~ state ; (1855)

cosO, distributions in different M(nn’) regions

150
To]
D' e oy r
o 100 =l iyt
P il i
c
[«
> 2
w50 5 — 1" (n,(1855)) ]
3 _ &WA fit projection (exclude n 1) b
3 — PWA fit projection (baseline fit) ]
0 3 — —d | S — ..—7
-1 -0.5 0 0.5 1
cosB,
0.1
R +Efficiency (Mim'<1.7GeV)
X
e} SRR YL IPPY!
o ¢ + ot the ¢ + L}
o' ¢ *+ +‘¢* ‘0*’+’+§+§”
~
>
c
.QODS—
9O
9=
L
0 L L L L 1 L L L L L L L " . l L L L L
-1 -0.5 0 0.5 1
coso(n)

1.7 GeV/c? <M(’)<2.0 GeV/c?

Te)
Q
o
~
7]
et
c
(0]
S
L

Tp] ..‘..00.0
O. ** .....‘ .
o e%0e t,04000 40
=
2
2 0.05
O !
"'uj 5
0] 05 0 05
coso(n)

M(m’)>2.0 GeV/c?

150

T

------ | DL S

Te) E
O. - =
o
EE 100_ ++:
C - -
o - .
> J
W sof ]
N e
- -
ok —— PR
-1 0.5 0 0.5 1
cos8,
0.1* +Efficiency (2.0GeV<Mnn)
m T L R L AL L L
CD_ ..........
o
=
(&)
o
:§0ﬂ5*
& i
LIJ o
%5 0o 05 1
cosf(n)

v" Clear asymmetry in the region [1.7,2.0]GeV/c?, largely due to n, (1855) signal
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Scan of additional resonance (based on Baseline set of amplitudes)

Op=
2f : o
_4 :_ : v g | Jr.—...
_y 6F “mé H
E 3 AT = 50 MeV p/(,l)/(l)(l——)
L o L e
< ol Lor=tsomey 40 N
ek Cer=z@WeY T -
14Fiwr 250 eV
16 S S 50 N W
5212 16 18 2 22

M(yn)(GeV/c?)

A InL

A InL

2(2++)

10 o o sgiiav
- ar =100 MeV l.'

| oI =150 MeV: :

- __ " Ir:zﬂn'ﬁﬂem TP

o e . e e i e e e

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

A InL

= G =
AT =100MeVi
I =150 MeV
= 200 MeV
= 250 Mev— .

12 14 16 18 2 22 24 008 T 12 14 16 18 2
M(yn')(GeV/c?) M(yn)(GeV/c?)

O If two 1~F are introduced in PWA
M=1873 + 7 MeV/c?, T = 225+ 7 MeV, Bris (2.6 + 0.2) x 1075, significance is 15.70
M=2152 + 3 MeV/c? T = 134 + 2 MeV, Bris (3 + 1) x 1077, significance is 4.60

. 1,(1855):

* 1,(additional) :

aojé

16 18 2 22 24 26

=100 MeV

i 5 H I = 150 MeV
—_ Y _wr=200MeV. |

T = 250 MeV

08 1 12 14 16 18 2

M(yn)(GeV/c?)

» The n,(additional) is not included in PWA, because of small fraction (0.4%), and significance < 5¢
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PWAof J/Y - ynn

2.25 x 108/ /1 at BESIII

PRD 87, 092009 (2013)
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B ;g ..",#’ LWV ‘\”\»\o “ ;g /i ! L “ g
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20T .”. P I i .+q. T ” T .+ e f2(1810) 18224_‘§it2f; 229-_*'23-_*'?25 (540tgggt3§§) x 107° 6.4 o
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PWA of J /3 —» yYKOK o

1311M J /3 at BESIII
PRD 98, 072003 (2018)

@ mﬂﬂi—[alw
> 3500 - *
= 3000 -
ﬁ % 250(}2_ yiinbin=1.04
@ = 2000 ~Data
€ w 15[]:}2_ — Global Fit
L% 1000 -
500 -
z E '***“h"*‘“ M‘**"”*IL"H‘ L*+"+'I+J S ;E +++;++PI+++I I+I +I+ +I++++I+
g 2 W 1T W g OF ++ S -+‘|-*+-++,r ++-+++++ +*+
I 1.4 16 18 2 22 24 26 28 2 B e TR 1 Wy
Mass(K K, ) [GeV/c?] cos(6,)
8000 ¢ 5000
;gﬁ%' inbin=1.32 4000
£ 5000 - " Giobal it £ 304}05 s#nbin=1.33
w 3000 - W 20001 — Global Fit
2000 -
1000 - 1000
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S Efhtr ot i = 3f F
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@ '3? +7F 44 o H ] £ SE Y +++*+++++
-1 408 06 -04 02 0O 02 04 06 08 1 <4 B
cos(Ocy 3 2 A %:s 1 2 3

Resonance| M (MeV/c2)| Mppg (MeV /c?) [T (MeV/¢®)|I'ppa (MeV/c?)| Branching fraction |Significance
K*(892) 806 895.81-£0.19 48 474406 [(6.2870-15105%) <1070 350
K1(1270) 1272 127247 90 9020 (85471074235 1077 160
fo(1370) | 13504972 | 1200 to 1500 | 231421735 | 200 to 500  |(L.07E505 40391077 250
fa(1500) 1505 150446 109 100+7 (1.5070-1640-18y 105 230
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2+ PHSP - - - - (57350004418 1075 130

24




i oo |
Isovetor
2115 £,(2100)

M? (GCVZ)
M? (GeV?)
AFS]

FIG. 1. Two Regge trajectories for the isovector and isoscalar
scalar states. Here, the red triangles denote the a,(1817) and
X(1812), while the solid points and empty circles are the experi-
mental and predicted states, respectively. Except the a,(1817),
X(1812) and predicted ay(2115), f,(1450), the masses of the
other scalar states are taken from PDG. Here, the established
states are marked by the black solid points, while the predicted
states are denoted by the black circles. The error bars present total
experimental uncertainties.
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Detail plots of J /Y —» YKKr®
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Events/(0.015GeV/¢?

Detail plots of J

- yKYKm®

—4— Data
—— Total Fit

- 07 (KoY, K

- 07— (KIKg), =°

- 07— a,(1320)°x°
- 15 K (892)°K]
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27 a,(980)x"
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0,0
M(KIKEn)(GeV/c?)

Resonance  Decay Mode Event selection  Breit-Wigner formula Resonance parameters Extra components | Total
gy 7 =00 KK D 5 KIKG i = 200 B
Jfp = n(1405) = y(KSK s waver” —» 7K LKI70 +4.0 180 +53.1 el +oag
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X(18xx) between 1.8-1.9GeV
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Other results on X(1835)

PRL 117, 042002 (2016)

m' "":L,," 1.09 x 107] /1 at BESIII
ol I/ - yrtn
g 1500: pp threshold ]|
§ ; Significant distortion of the line w7~ n’ shape near the ppbar mass threshold
§ Two fit models are taken into account and both support the
o existence of a pp moleculelike or bound state

13 14 15 16 1.7 18 19 2 21 22
Mnn'n] (GeVic?)

9
PRD 97,051101(R) (2018) 1.3 X 10%/ /3 at BESIII

T T T T S J/Y — yy@: two structures corresponding to n(1475) and
E B }ﬁs‘ (Constr. Int)) - E - "k (Destr. Int)] X(1835) are observed

- - 300[— —
10 200 W ® F X(1835)
S [ewd T Ml 0% e X(1835) and n(1475): JP¢ = 0~ * assignment favored
I N B - R SPYY -  Sizalbe s§ componentin X(1835)
A P SNV o * More complicated than a pure NN state

M(y0) (GeV/c?) M(yd) (GeV/e?)

Solution Resonance mpg (MeV/c*) T (MeV) B(107°)
7(1475) TA7T £7 £ 13 118E£22£17 7.03£0.92£0.01
(Destr. Int.) X(1835) 1839426426 1754+£57+25 1.7740.35+0.25
n(1475) 1477 £7+13 118 +22+17 1036 + 1.51 + 1.54
(Constr.Int.) x(1835) 1839 +26+26 175+57+25 8.09 + 1.99 + 1.36 2 9




Search for X(1835) in other decay modes

0.011 GeV/c?)
i
=
=

S 300

Events

200

100

PRD 99, 071101 (R) (2019)

| —4— Data

t

ek mﬂw **
- X(1835)onw +~|'+
: W
- +ﬁ+ '
s +f+M

's-"’:"‘ *

1.4 6 18 2 Zevich

1.3 x 10°] /4 at BESIII
J/b - won'ntr

No obvious sign of X(1835)’s existence

B(J/Y - wn'ttn~) = (1.12 £ 0.02 + 0.13) x 1073
B(J /Y —» wX(1835),X(1835) » n'ntn~) < 6.2 x 107°

@90%C.L.
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First Observation of X(2370) in J /3 — yYKKn'

1.3 x 10%] /3 at BESIII EPJC 80, 746 (2020)

« X(2120) and X(2370) states observed in —~ 200 Jy—y KKn
the n’m* ™ invariant mass }z 400f __ ,E:}iftrzsu"
spectra(PRL106,072002) 0 [ 5 Signal X(2370)

« The X(2370) measured mass is consistent S 300F ... Total bkg ]
with the pseudoscalar glueball candidate % "y ;
predicted by LQCD < i
calculation(PRD73,014516) 31 100} -

Y O P

o o1 22 23 24 25 26 27
No evidence of X(2120) M, g, (GeV/c?)

B(J/Y - yX(2120) » yK*K™n') < 1.49 x 107>

B(J/y - yX(2120) - yKIKIn') < 6.38 x 1075

Clear X(2370) signal observed with significance of 8.3

Mx(2370) = 2341.6 £ 6.5 £ 5.7 MeV/c?; Tx(2370) = 117 £ 10 + 8 MeV
B(J/y —» yX(2370) » yK*K™n') < 1.49 x 107>

B(J/y - yX(2370) - yKIKIn') < 6.38 x 1075
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First Observation of X(2370)in J /Y —» yKKn'

1.3 x 10°] /1 at BESIII
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Search for X(2370) inJ /Y — ynnn'’

1.3 x 10°] /4 at BESIII
PRD 103,012009 (2021)
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