Light QCD exotics at BESIII

X6 L

20235 R

=R BeisaeiE

(ILN1

FHRZ eI O E N

1

g

ol

SR

F2 b=



Asymptotic Freedom
PQCD

Introduction

04

« Hadrons, the complex building blocks of our
world, emerge from interaction of quarks and
gluons as described by QCD ol
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« NPQCD: How does QCD give rise to hadrons?
Confinement & NPQCD

« What is the origin of confinement? “World of Hadrons”

« How is the mass generated in QCD?
Quark model

| meson baryons
« Best discovery path : hadron spectroscopy d



configurations beyond QM

compact tetraquark
) ) multi—quark states
Light QCD exotics :
« Quark model seems to work really well. Why? i;iiiﬁomum. .ban

gluonic
excitations

0 hybrid

0

1S
=

- Key things to search for: additional degree of freedom
« Strong evidences for multi-quark in heavy quark sector

hadronic

 Evidence for gluonic excitations remains sparse molecnle

* Role of gluons:
« Gluons mediate the strong force
« Hadron constituent: Mass? Quantum numbers? ...
« Gluons' unique self-interacting property
- New form of matter: glueballs, hybrids
 Gluonic Excitations provide measurements of the QCD potential

[Critical to confinement and mass dynamical generation}




Beijing Electron Positron Collider (BEPCII)
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JAp JAp
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I(Jly = yG) ~ O(aa?) I'(Jhy = yH) ~ O(aa])

OF o2 = .
Y, 3 NS i S
N SR ~ 3 > S =
< L2 . 1989-2004 (BEPC):
\ ; N Lpeak=1.0x10%! /cm?s c M c
r ~— €N\ * 2004: started BEPCII upgrade, "MP | QMJJ
2 - D2 BESIII construction == —
> - M
3 Y+ 2008: test run . c
> »'
< RS

s — TR ."*"." =
beam energy: 1.0 — 2.3(2.45) GeV S’ﬁ:’ .y_‘&'ﬂa = _,
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‘ BESIII
detector
2009-now (BEPCII): 4
Lyenc= 1.0 X10%/cm?(4/5/2016) I'Viy — rM) ~ O(aa;) [(Jly = yF) ~ O(ady)
2020: energy upgrade to 2.45 §
GeV & top-up mode

Charmonium decays provide an ideal lab for light QCD exotics
 Clean high statistics data samples
High cross sections of e*e™ - J/y, ¢’
Low background

« Well defined initial and final states
Kinematic constraints
1(JPC) filter

“Gluon-rich” process 4



 Glueballs
* Spin-exotic states
« Threshold structures & multi-quark states



Glueballs

- Low-lying glueballs with ordinary J*C 2 0" s | °
- mixing with qq mesons - e T=— |
>Observe-a-newpeak ’ P a3
»Challenge: reveal the exotic admixture = ° 20" . °
- Model-dependent predictions T |
» mass, width, partial width :
* Non-qq nature difficult to be established ’ o e i

Glueballs from Lattice simulationsin the pure

) Supernumerary states gauge theory without quarks

« Unusual pattern of production and decay
‘Cryptoexotic’



What we have learned before
-- from Marklll, BES, Crystal barrel, OBELIX, WA102, GAMS, yoee

"Scalar: 1 nonet in quark model, f, & f,"
Exp: overpopulation
LQCD : ground state 0+ glueball ~1.7 GeV;
\_ I'(J/W = ¥Go+)/Teotar = 3-8(9) X 1073 J
Tensor: 2 nonets(3P,,3F,), complicated )

Exp: large uncertainty

LQCD: 2+*(2.3~2.4 GeV),
\_ F(]/LlJ - YG2+)/Ftotal — 1'1(2) X 107* J

/Pseudoscalar: n&n', “simple” N
Exp: lacking of info. above 2 GeV; puzzles 1(1295)?
n(1405/1475)?

LQCD: 0+*(2.3~2.6 GeV)

\_ F(J/U = YGo)/Trorar = 2.31(80) x 104/

M (GeV?)

uuuuuuuu

e*e  annihilation
pp annihilation
central exclusive production

v f,(1370), f,(1500),
L f,(1710)

sl \ 1st radial excitation ‘ S
v X(2370)
‘X(1835) @;((2120)
n(1475) @
i v n(1760)
) e “r2om) n(1405)
1 (548) . 1 1




Scalar glueball candidate: production properties

* Scalar glueball is expected to have a large

production in J /{ radiative decays:

* LQCD: TJ/V = YGo4)/Trotar = 3.8(9) X 1077
* Observed B(J/¥ — vfy(1710)) is x10 larger

than £;,(1500)

»>BESIII: f;,(1710) largely overlapped with

scalar glueball

]/ = vfo(1500) ]/ = vfe(1710)

YKK
—toH jo—|

B(J /v — v£5(1500)) ~ 0.29 x 10~°

vme B(J /i — vfo(1710)) ~ 2.2 x 1073,
' o+

F——dei—

ynm
—e— —
Natl. Sci. Rev. 8, no.11, nwab198 (2021)
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Theoretical insights b

Scalar isoscalar mesons and the scalar glueball from radiative J/y decays

A.V. Sarantsev®?, 1. Denisenko®, U. Thoma?, and E. Klempt*

4 Helmholtz—Institut fiir Strahlen— und Kernphysik, Universitir Bonn, Germany
PNRC “Kurchatov Institute”, PNPI, Gatchina 188300, Russia
¢ Joint Institute for Nuclear Research, Joliot-Curie 6, 141980 Dubna, Moscow region, Russia

Abstract

A coupled-channel analysis of BESIII data on radiative J/i decays into a7, KK, nn and w¢ has been performed. The partial-wave
amplitude is constrained by a large number of further data. The analysis finds ten isoscalar scalar mesons. Their masses, widths and
decay modes are determined. The scalar mesons are interpreted as mainly SU(3)-singlet and mainly octet states. Octet isoscalar
scalar states are observed with significant yields only in the 1500-2100 MeV mass region. Singlet scalar mesons are produced over

a wide mass range but their yield peaks in the same mass region. The peak is interpreted as scalar glueball. Its mass and width are
determined to M — 1865225710 MeV and T = 3702503 MeV. RS HRGTHNE T SEEE0ET0 (X 2T 010 "

Phys.Lett.B 816, 136227 (2021)

ased on BESIII results

Scalar and tensor resonances in J/v radiative decays

A. Rodas,!2:* A. Pilloni,®*5: T M. Albaladejo,® C. Ferndndez-Ramirez,” V. Mathieu,®® and A. P. Szczepaniak? 1011
(Joint Physics Analysis Center)
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We perform a systematic analysis of the J/v — yx°%® and — yK2 K2 partial waves measured by
BESIII. We use a large set of amplitude parametrizations to reduce the model bias. We determine the
physical properties of seven scalar and tensor resonances in the 1-2.5 GeV mass range. These include
the well known f,(1500) and fo(1710), that are considered to be the primary glueball candidates.
The hierarchy of resonance couplings determined from this analysis favors the latter as the one with
the largest glueball component.

Eur.Phys.J.C 82, 80 (2022)

fo(1710) largely overlapped with scalar glueball



More scalars

f0(1710)/f0(1790) ay(1710)/ay(1817) ?

f0(1800)
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fgg : “:; C f 2(1950)
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% ol |4 T PRL129, 182001 (2022)
g - o Background DS+—>KOSK+TEO
o i
wKTK~ Peak around 1700 MeV/c? = 100¢ g @ xxew
— C - = 0"
(OZI rule: nh structure) o F e Kk o)
Lu 50 i » e (=] 77KK 1+10
prtm™ Enhancement at 1790 MeV/c? : g < I
: .."L-‘I:\ My fﬂ 0
0 5 8
KK~ No peak around 1700 MeV/c? 2.5 3 i Yool T
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Tensor glueball candidate

BESII J/W — ydbd with 1.3B J/

NUZSUO # 0 model independent
- - R 0™ model dependant
L'(J/Y — vGy+) = 1.01(22)keV 22000 o E:E::pﬁfﬁm
[(J/vY — vYG3+) /T = 1.1 X 1072 p [ %4 2" mocelindependent
N1 500 ; -!;+_---- 2" el dependent
CLQCD, Phys. Rev. Lett. 111, 091601 (2013) Ry | _-*
n ¥ i,
. 21000¢ ; ”**u,,;
Experimental results -
w 500 *ua
E..::.'-'-"-‘i"-'--'”"-“ n .'l._-ll.]-l-“ﬁ-"'--...
Br(J/y — yf,(2340) —» ynn) = (3.87382+237) x 105 0,55 2‘“ VR
BESIII PRD 87,092009 (2013) ) ’ '
(£) M(90) (GeV/c?)

B — vf,(2340) — —(1.91 + 0. 147972 —4
r(/% — ¥£(2340) - yod) = (1.91 £ 0.14257;) x 10 f,(2010), f,(2300) and f,(2340) stated in =

BESIIIPRD 93, 112011 (2016) reactions are observed with a strong
_ 0.34+3. -
Br(J/¥ - vf,(2340) - yKK,) = (5.5410351385) x 1073 oroduction of f,(2340)

BESIII PRD 98,072003 (2018) Consist with WA102@CERN
Br(J/¥ — yf;(2340) - yn'n’) = (8.67 £ 0.70191%) x 10°

BESIII PRD 105,072002 (2022)
It is desirable to search for more decay modes i



Pseudoscalars

sk 1st radial excitation
Q
5| ‘ \V/ X(2370)
- ®
$ af X(1835) X(2120)
(V] - ‘.\
Q 3f n(1475) ®
s . n(1760)
I n(958) ’:‘* \
il o n(1295) n(1405)
ol  @ns48)
l L | 1 | 1 1 1
1 2 3 4 5
n

Where is the 0-* glueball

« LQCD: 0*(2.3~2.6 GeV)
« Does 1(1295) exist?

« What' s the nature of the outnumbered n(1405) ?

300F I T I ] ]
(b)
2
< 200 1(1405)
N
E 100

7
PN e
/ p

0 --1"'/- i 1
1.0 12 14 1.6 18 2.0
myikn (GeV)

Long standing E-« puzzle

; .. 3 3 15 2
M =1416 £ 81, r =017 __ 7" MeV/c?

M=1490% "3, r=541314 2 MeV /(2

12



Events/(0.02GeV/c?)

Isospin-violating decay of n(1405) - f,(980)m°

5 8 8 & 3 3

_—'ﬂ
ha b

. g —

1 I.4 1H_1=:=E
M(f (980)n%)(GeV/c?)

1.8

1[“]—l I 1| I —
<" , fol980)
S VA .
O n(1405/1475)
S = "
:E .
o BESIII PRL 108 182001(2012)
o |

e T T Y
M(r®r®)(GeV/c?)

fO(980) is extremely narrow: I' = 10 MeV.
PDG: T'(fO(980)) = 40~100 MeV.

Anomalously large isospin violation:

Br(n(1405) — fo(980)7Y — ntnr—x?) .
(17.9 + 4.2)%

N

Br(n(1405) — aB{QSU}ﬂD — nrw?)

El + -0
g, - D Xa 2> JoOSIE DX X)) g 000, 1) PRD, 83(2100)032003
Br(x,, —> a,(980)x" —=na’x") 13




n(1405)/n(1475) puzzle

BESIII PRL 108 182001(2012)

Inspired by BESIII" s observation, the triangle singularity mechanism has

been proposed
PRL 108 081803 (2012)

T KO (K+) T K*
nas) /oo < n(1405/1475)
T .

2,(980) “~--" £ (980)
=1 K2 (K)

I=0

| KK

)

b1 £ (980)

- KO KO

096 098 100 1.02 1.04

£,(980) ™ 1
Further experimental information from

J/Y = YKsKem®  BESII JHEP 03 121(2023) I/ - yyd
A12000;— 4 Data e (a) E g A

N§10000;— 4-0° T T e .
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2000 | oy e )
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IIII|IIII|IIII||'

L
..................... % .
------ ]

‘‘‘‘‘‘‘‘‘ l ..--"‘. -

....... L | L |

2 14 16 1.8 2
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X(2370)

Events/(0.01GeV/c?)

Events/(0.01GeV/c?)

8

J/U = yn'KK

v
(=]

T
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| — Fit result
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I Background '
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BESIII EPJC 80 746(2020)
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Landscape of glueballs has been updated

with BESIII’

Scalar: 1 nonet in quark model, f, & f,’
Exp: overpopulation
LQCD : ground state 0* glueball ~1.7 GeV;

\ FJ/W = ¥Goi)/Trotar = 3.8(9) x 1072

S inputs

4 )
v'Large production rate of

f,(1710) in J/¢ radiative decays

Tensor: 2 nonets(°P,,°F,), complicated

Exp: large uncertainty
LQCD: 2**(2.3~2.4 GeV);
\_ CJ/V - YG24) /Teorar = 1.1(2) x 1072

.

"vLarge production rate of
f,(2340) in J/¢ radiative decays

9%
<

/Pseudoscalar: n&n', “simple”

Exp: lacking of info. above 2 GeV; puzzles n(1295)?
n(1405/1475)?

LQCD: 0+*(2.3~2.6 GeV)
N /Y = ¥Go-)/Tyotar = 2.31(80) x 10~

N
/\/Non-observation of n(1295)

v1(1405/1475) one state?=>
manifestations of TS

J
N

/ .
L X(2370) — various decay modes/




* Glueballs
* Spin-exotic states
« Threshold structures & multi-quark states



Light hadrons with exotic quantum numbers

- Unambiguous signature for exotics «e
» Light Flavor-exotic hard to establish S irars—e— =
- Efforts concentrate on Spin-exotic - o + _
 Forbidden for qq: Hybrids .:‘. 798
]PC = 0", even"'_, odd~" Glueballs & gg>
. Mult- @—@ 0—@ g%3°)
Experiments: quarks +

* Hadroproduction: E852, VES, COMPASS, GAMS

* pp annihilation: Crystal Barrel, OBELIX, PANDA(under
construction)

, J=L+S P= (-1 C= (1S
* Photoproduction: GlueX(2017-), CLAS Allowed JPC: 0+ 0+ 1=, 1+,2++, ..



Spin-exotic mesons

« Only 3 candidates so far: All 1" isovectors
« Experimental and interpretational issues

* 11, (1400) & 1, (1600) can be explained as one pole
« Most popular interpretation: hybrid

my I(JF9)=1"(17%)

N -
Ky 1907)= 5 (17)

I 1GTPC\— O+ (q1—+
o 16076)= 0+ (1= n, "gr)=07(17")

Lattice QCD Predictions:

2.5Gev |

2.0GeV |

exotics

0+ 1+ 2%

" PRD 83 111502 (2011)

19



1~" Hybrids

m IJPY)=1"(177)

e Isoscalar 1~ 1 is critical to establish the \
hybrid nonet

™~

Ky 160P)= > (17)

* Can be produced in the gluon-rich B
: N 1079 =0"(17)
charmonium decays n, 15J°9H=0t(171)

 Can decay to 1’ in P-wave

PRD 83,014021 (2011), PRD 83,014006 (2011), EPJ.P 135, 945(2020) &w

JAp
- Search forn, (1~ ") in ]/ - ynn' c

[(Jly - yH) ~ O(aa))

20



Observation of An Exotic Isoscalar State 1, (1855) (1™ F)in J/¥ - ynn'

Phys. Rev. Lett. 129, 192002 (2022), Phys. Rev. D 106, 072012 (2022)

« Then'is reconstructed from yn*tn~ & nmtn™, n

400F T T 5 T T
-~ , (a) x¥dof= 1.57 ] T a0k D xYdof= 152 . 3
rom v HVETEE AN
1 1 / o : ,‘:I"(n.uessn =l 8 _ A +"‘ N -
* Partial wave analysis of J /U = ynn ° = eI I ™ ’**
¢ Quasi two-body decay amplitudes in the sequential L T B ,{:,,;;:‘tf E
decay processes ]/ = yX, X » nn’ and J/{ — T ] oiﬁﬂi!m--,fs—z el
nX,X - yn’ and ]/ - n'X, X — yn are constructed Mt (GeVic’) i
using the covariant tensor formalism and GPUPWA* - : . ‘ S —
G 4OF @Y= 124 4y ] [ @ y¥dof= 177 w p
*World’s first PWA framework with GPU acceleration 3 soof . M,%ff-‘ %4 8™ i m,fn.j;"'-‘.*.&."f;“%:"t"":
H - §’ E_ ’..e:': _E g : .:'Qfﬁmr . 1
* Anisoscalar 1, n4(1855), has been 2 ) ls-.; 8 wofiph :
° !/ > - g =
observed in /Y — ynn' (>190) SR Y \ ,
=1 T R p——t o3 ) S SRR 7 1
M) (GeV/c) cose,

M = (1855 + 97$) MeV/c?, T = (188 + 18%3) MeV/c?
B(J/¥ - yn1(1855) —» ynn’) = (2.70 + 0.41+318) x 107¢
* Mass is consistent with LQCD calculation for the 1~ * hybrid (1. 7~2.1 GeV/c?)
e Hybrid? Molecule? Tetraquark? 21



Further Checks on the 1~ * State n; (1855)

* Angular distribution as a function of M(mn")
expressed model-independently

100

Weight sum/(10 MeV/c?)
19)]
o

4+ Data-Sideband
— PWA fit projection (baseline fit)

Nk
0\ — 0 [
(Yl ) = z WY (cosbyy Alternative fit without 174

* Related to thiélspin-O(S), spin-1(P), spin-2(D)

o

o 40 1)
S I >
. . / ) 2
amplitudes in " by: s | =
Varn(Y)) = S2 + P2+ P} + D} + D} + D3, Ezo, g
A’E(YP) = 25¢F cos pp, + %(QPODU cos(Gp, — Gpy) + V3P, D, cos(pp, — dp,)), 'S) 0 ! S’
N o | g
P ; E 1 ! | ;
Var(Yy) = %(HPOQ — TP2 +10D2 +5D? — 10D32) + 25, Dy cos dp,. 1.5 2 s 2
\/E<}f-30> = \/63_5(\/§POD0 COS((DP{) - @DU) — P Dy COS(OPH - (-‘5171))7 nj% “E%-:
_ = s
VIRYD) — LDz — 4p? 4 D). z 2
f g g
» Narrow structure in (Y, £ £
T - ©
. . = = |
» Cannot be described by resonances in yn(n’) E I S T
M(m’)(GeV/c?)

* 111(1855) - N’ needed

22



Further Checks on the 1~ * State n,(1855)

Change J¥¢ of n;(1855): log-likelihood ,235
> JPC prefer 1~
Remove BW phase motion of n1(1855): log-
likelihood |, 43
» Resonance structure needed
Assuming 11 (1855) as additional resonance,

evaluate its significance with various masses and
widths

> Significant 1~ * contribution around
1.8 GeV/c? needed

Systematic uncertainties are studied, and
significance of n;(1855) remains larger than
190 in all cases

7y
<]

0 R
- - \' -~
[ = e g—
-100 - BN e s
: | : ; _ I =50 MeV 5
i WL /4 f r=100MeV |
_200 B L . 1= IEfj.f_j.E,-....l
i i i =200 MeV
B Py ; ®r =250 MeV |
_250 - ...I.. —— ..I. — ..I. ST e sm e st b e s st b ]

significance of n, (1855) with various
masses and widths

M )(GeV/c?)

16 18 2 22 24 2

6

23



Discussions about £;(1500) & f;(1710)

400F T — T

o v (a) x¥dof = 1.57
o ‘ « Data
. g S 300 .
* Significant f;(1500) 2 .
2 200 »~‘:.' (n,(1855))
g l"-'WA fit projection (exclude n )
! o — PWA fit projection (baseline fit)
- 100} «
B(fo(1500) - mm) ' L A *2.502) 3
. . M(m')(GeV/
consistent with PDG
Decay mode Resonance M (MeV/c?) T (MeV) Mppa (MeV/c?) I'ppc (MeV) B.E (x107%) Sig.
 Absence of f0(1710) fo(1500) 1506 112 1506 112 18120117212 5300
fo(1810) 1795 95 1795 95 0.11£0.01790%3 1110
B(f.(1710 , f0(2020) 201046%6  203+9*13 1992 442 22840121028 2460
- . .
( 0( ) " ) < 2.87 X 10—3 @90% C.L T/ =X =y | fo(2330) 23124775 654101, 2314 144 01040021555 1320
B(f,(1710) — mm) m(1855) 18554976 188+18+2 : 0274004709 214o
fa(1565) 1542 122 1542 122 03240057022 870
£2(2010) 20624611 165417110 2011 200 0714006158 1340
>Supports to the hypothesis that f0(1710) £1(2050) 2018 237 2018 237 0.06£00170% 460
. ++ PR ) ) ) ) §H0.10 15
overlaps with the ground state scalar glueball VPP L0 110
b=/ X =y | hi(1415) 1416 90 1416 90 0.08£0.01100 1020
* Scalar glueball expected to be suppressed W) IS IS 0164002708 g9,

B(G —» nn')/B(G — mm) < 0.04 -



Observation of An Exotic 1~ * Isoscalar State n,(1855)

« Opens a new direction to completing the picture of spin-exotics
- LQCD: B(J/W - yn, (hybrid))~0(107°)[Phys.Rev.D 107 (2023) 5, 054511]
* Inspired many interpretations: Hybrid/KK; Molecule/Tetraquark?

Phys.Rev.D 107 (2023) 7, 074028;

Rept.Prog.Phys. 86 (2023) 026201;

Sci.China Phys.Mech.Astron. 65 (2022) 6, 261011;

CPC 46, 051001(2022);

CPL 39, 051201 (2022);

PLB 834, 137478(2022);

PRD 106, 074003(2022);

PRD 106, 036005(2022) ; ...

& Summary of Topical Group on Hadron Spectroscopy (RF07) of
Snowmass 2021, 4 white papers as well



* Glueballs
* Spin-exotic states
« Threshold structures & multi-quark states

26



a,(980) — f,(980) mixing

« The nature of ground state scalar a,(980)

: * First direct measurement with > 5¢
and f,(980) are controversial

qq, KK molecules, tetraquarks, hybrids,...? Aq@ “KK "q'T  *qdg

* a,(980) — f;,(980) mixing is an important
probe to the internal structure of a;,(980)
and f,(980)

$07(17) r1q07)

Ty 0-(17) ., 1a F(17) T 10
n

i, 2 2 iy BESIII PRL 121 022001
040+ 10+ © 1O H0+) o) T

PR D75 114012, PR D76 074028 PR D78 074017 27



Structures around pp threshold

2500 T T T T T T _
SIEEE Ak
WIAWEE BESIII PRL 117, 042002 (2016)
T T T T T T [T T T [ T TR T T T T T T[T T T T TT[TTTTTTT] ® B Background |
300— : — S 1500F f 4 - pp threshold 5 . _
B 12 | o W\ Anomalous line shape near pp threshold:
sl ] Hgmr A » connection between X(1835) and X(pp)
: ¥ . L% 500 | “\l ]
200 — e
NL) B - Bl 01.3 14 15 16 1.7 18 19 2 21 22
% Tl | & [EEES pp mass threshold 7] M) (GeV/c?)
2,500 —+— X(pp) N
% i —4— X(1835)-n'n*n” BESIII 09 .
z L | X(1835)- KK -
100 i | —— X(1870)-nn*w BESIN 09| —] goE T T I T T
] { I oy @ K 40 JIP—yKKgn
- e . S ? ——MCpfﬁﬂbnE
sl —%— e 13 @ e BESIII PRL 115, 091803 (2015)
i é | 1 e 50F — - X(1560) =
B l —4— X'(1870)-»n'n*n BESIII 12 ] =} - Phase space E
%_Il]||ITIIIII|I.I+-|§[1II|I|I|III|III|III|III_ E:g; 3
1800 1820 1840 1860 1[?/12105518\%&1/222)0 1940 1960 1980 2000 _,a:_; 20; _ JPC Of X(1 835) IS determlned to be o-+
Lﬁ 10 + .

0‘i.6 1.8 20 22 24 26 2.8

0 28
MKgKgn (GeV/cY)



.. 10BJ/y
Power of statistics BESIII PRL 129, 042001 (2022)

x1 o3

J/b - YT[+T[_T]’ 1.3B /¢ g?’s- Data L

30 = ey Background =
BESIII PRL 117 042002(2016) @25} s .
: ~ 20k i
40002_ —+ Data ' _ O i l X(a20) XG0 (2600) ° 4
AT T T - B O S
BESIII PRL 106 072002(2011) &% wwwmesiad 4 2 '
X(2370) &F ; ¢ 2
X(2120) 5o0E R T B bl
g SHTTTTT] B ST N B
: o \ A B T Min'm*r] (GeV/c?)
S 300F P ¥ ONiTT6 18 2 22 24 26 28 3 Observation of
S8 M /¢ Observation of X(2600)
BESII PRL 95 262001(2005) "L A= ; .
< 120 0%4 16 18 20 22 24 26 28 anomalous line shape
% i M, (GeV/c?)
S 80 Observation of
z ., X(2120), X(2370)
LLI
>
Wy

1.4 2.0 2.6
M(rt'tm’) (GeV/c?)

Observation of
X(1835)
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Observation of X(1835), X(2120) and X(2370) in J/¢ EM Dalitz Decays

J/U - efern

« Confirmation of X(1835),X(2120),X(2370) previously observed in |/ -

yn' Ty’

Events/(22.5 MeV/c?)

1.8

—l— Data I

T'I—?*f:n: © mode —=== X{1E3ZHX(1570)

f(1510)

= X{2120)

X{2370)

- \llﬁlllh

Non-1" background

1 10—--- Jy—r't an” background _
= (dther unknown background |

2“

nnn

2.2
(GeV/ch)

24 2.6

Events/(30.0 MeV/c?)

]
=1
=1

]
=
T | —

(b)

15/ 1

—l— Data

| N'—1 T mode  ==== X(1835p+X(1870)

f,(1510)
-—== X{212D)

X(2370)
==== X(2600)

Y Non-1" hafkgrnuud

==== I'y—n"r'rn’ backeround ’
(hther unknown background

zu'

"'['[T|

22

A(GeV/c)

2.4

reconstruct ' from yn*n~(left) & n(- yy)n*n~ (right)

PRL 129 (2022) 2, 022002
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Observation of X(1835), X(2120) and X(2370) in J/¢ EM Dalitz Decays
J/U—>efen n

« Measurement of the Transition Form Factor of |/ — ete™X(1835)

»the structure-dependent partial width can be modified by
transition form factor, which provides information of the EM

structure PRL 129 (2022) 2, 022002
5_' L DL DL L L DL L L LR DL L | _'
dr(J/ - X(1835)e*e™) 12 ) : :
dq*T(J /¥ > X(1835)y) |f(q I x[@EDE] "t - /
2\ o 3k 183 b
F(q)—l_qz//12 =) V-

A =1.75+0.29 + 0.05 GeV /c?

ﬁ

---l---l---l--Lh---ﬁ*--l_T
0.2 04 06 08 1.0 1.2

M ... (GeV/cY)




Narrow structure in pA

BES, PRL93, 112002 (2004) BELLE, PRL9O, 201802 (2003) BaBar, PRD79, 112009 (2009)
10 A Ngmo:_ BO—?'p/—\T[_ ‘H(‘m';—”'l”lI|I”.|.”III”']'_”'I-E
E .e+e_—>pK_A (a) 2380 _ j’ sz—'*_ B0—>pATc_ _;
g . | % N ;_* :;:’ -mn;— _
é g § _w};— _g
g b '5140:' %2(!15— _+_ _i
B [ %20 E é “Kl;— + _.;
. 4 % H | e, ”E +—+l—-._*_"_|§_- ;I ! II:
0",,_. N of i n---2‘5-.--3....3_5....14....4_5....5,

2 2.5 3 22533542455 my (GeV/c?)

M -, (GeV) Mps  (GeV/c)
p”

Different scenarios investigated: baryonium state [PRD74,014029],
paryon-antibaryon SU(3) nonets [PLB626,95], final state interaction

1JMPA22,5401], ...
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(GeV¥cd)

AK

2

M

e T e - 14, KA arXiv:2303.01989
6 different center of mass energies between 4.008 GeV to 4.682 GeV

!35 « Significant near threshold enhancement in the pA
30 * X(2085):
25 * observed with statistical significance > 20c
2 « JP =17 with statistical significance > 56 over other quantum
numbers

Mpore = (2086 £4 £+ 6) MeV  T'yoe = (56 £ 5+ 16) MeV

* No matching with any state predicted by the potential model +
narrow width =>»exotic properties of X(2085)

e Same structure as in PRL93, 112002 ?

15

10

M2, (GeV¥cd)

150 (a) Y*mbin=1.10 (b) Y¥mbin=1.17 |20} (©) Y*Mmbin=1.04 |
7~
% —+— Data
= 200 El Egg(lgﬂi:und |
c o = K
s —i
e K,(2250)
Q 100 — NOZ2

— A(1520
= 100 — Ae0)
E 50 — A(2350)
Q -
E 50
A "——L 452} : : Jﬁéﬂ—i
. e - T I
2.0 2.5 3.0 35 2.0 2.5 3.0 33

m, .- (GeV/c?) m - (GeV/c?) m_- (GeV/c?)



Prospects

« Data with unprecedented statistical accuracy from BESIII provides great
opportunities to study light hadron spectroscopy

* Further reveal the gluonic admixture in f,(1710), f,(2340), X(2370) with
more production and decay mechanisms
« Coupled channel analyses; Two-photon process; Flavor filters; ......

 Based on 1, (1855), systematically explore the multiplet of spin-exotics
- 1\ and m in various J/ and x. decays

« Clarify the nature of threshold structures, such as X(pp) and X(1835)

« Search for more new baryon excitations

More interesting results are expected



Summary

« Understanding how hadron spectroscopy are generated from QCD
remains a key question in fundamental physics, which requires

« both heavy and light sectors; various probes
« BESIII has a crucial and unique role to play in the world-wide effort
to explore the property of QCD in the non-perturbative regime

« Charmonium decays provide an ideal lab for light QCD exotics and
produced many exciting results

- X(1835)/ X(pp) , X(2370), Spin-exotic n4(1855) ,......
« Critical collaboration with theory

Precision Resonance LQCD
measurement FIVYYN properties Models
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Thank you



