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Glueballs (?) with Radiative J /iy Decays

Prediction from LQCD

12
Charmonium radiative decays create an ideal environment for
studying glueballs and hybrid hadrons: 10
- low background, high statistics and gluon-rich process
w 8
£ 6
r(J/¢ — yG)~O(aa?) FUhy — yH)~0as) 4 t
According to pQCD, glueballs and hybrids are expected to present a
larger production cross section compared to mesons
0
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X(2370): Glueball-like particle (?)

Firstobservedin J/Y —» yrn*n™n'
ConfirmedinJ/¥ — yK*K™n'andinJ/Y —» yK°K%n'
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X(2370): Glueball-like particle
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- Enhancement near the KJK? threshold in relation to the structure around 2.4 GeV

* Clear connection between the f;,(980) and the structure around 2.4 GeV

ﬂ Phys. Rev: Lett. 132, 181907 (2024)
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X(2370): Glueball-like particle
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X(2370): Glueball-like particle

J/¥ - yKIKIm® J/¥ - yn®nn

0
K T

Using (10087 + 44) x 10° J /4 events

http://arxiv.org/abs
/2605.26495

Light Exotics at BESIII - E. Di Fiore PhitoPsi - 2026 B.GS]]I INFN TE



X(2370): Glueball-like particle
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X(2370): Glueball-like particle

J/p - yr'n'y
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The two-dimensional distributions indicate
several possible intermediate processes
> a,(980)°7° - %% and £,(1500)n

http://arxiv.org/abs
/2605.26495
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X(2370): Glueball-like particle
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X(2370): Glueball-like particle

Decay

Mx(2370)

I'x(2370)

X(2370) » K2KOm®

2311 + 4(stat) + 25 (syst) MeV/c?

177 + 20(stat) + 72(syst) MeV

X(2370) -» %1%

2366 + 2(stat) + 10(syst) MeV/c?

127 + 9(stat) + 61(syst) MeV

X(2370) - a,(980)°7°

2350 + 5(stat) + 9(syst) MeV/c?

180 + 20(stat) + 58(syst) MeV

X(23T0) — KK x" el

X(23T0) — ="=x"np

-

(a) Combined: M = 2359 *13 MeV/c?
X(2370) — f(980)n
S (980) — KJK . —==—

2

Measured mass

Combined mass

N, =2.20

(b) Combined: " = 170 *}3 MeV
X(2370) — f(980)n"
£(980) — KK T

X(23T0) — K K 7" e—t—

X(23T0) — "2 =it

=% Measured width
| Combined width

AN, =032

Ly il
2250 2300 2350

M.
http://arxiv.org/abs X237y

/2605.26495

|
2400 2450
(MeV/eh)
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Mx(2370) - 2359t%2 MeV/CZ
Fx(3270) = 170t£21‘g MeV

The similarities in decay mode
between the X(2370) and n,
are consistent with the
expected features of a
pseudoscalar glueball.

BESIIONNTE  °



X(2370): Glueball-like particle

Decay
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Mx(2370) - 2359t%2 MeV/CZ
Fx(3270) = 170t£21‘g MeV

BR(J/Y = yX(2370)) seems to
be larger than one order of
magnitude

- More experimentally and
theoretically studies needed!
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J/¢ Radiative Decay

Acting as a flavor filter, the decays J/¥ - yX, X - yV (V = p, w, ¢), play a crucial role in probing the quark
content of intermediate resonances
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X(1835) and n(1405)

The resonant state X(7835) was observed for the
first time by BESIII in the decay
]/ - yrtm ' with quantum numbers JP¢= 0~

Many theoretical interpretations:

 Nucleon-antinucleon bound state NN

+  Baryonium with gluonic content

« Second radial excitation of the n" meson

 Exotic state: n. — glueball or
pseudoscalar glueball

+

Phys. Rev. Lett. 95, 262001 (2005)

Light Exotics at BESIII - E. Di Fiore

In the region around 1.4 GeV, the pseudoscalar
spectrum presents a complex structure
characterized by the overlapping of two

resonances:

* 1(1475), interpreted as the first radial
excitation of the n’ meson
*  1(1405), pseudoscalar glueball candidate (?)
- However, a significant discrepancy exists
between the 11(1405) mass and LQCD prediction
(2.3-3.0 GeV)

* Are they truly two distinct resonances?

PhitoPsi - 2026

Phys. Rev. Lett. 108, 182001 (2012)
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052011 (2025)

H Phys. Rev: Lett. 111,

] X(1835) and n(1405) in J /¥ — yy¢

] / IIJ N yy ¢ Resonance M (MeV/c?) I' (MeV) B(x109) Significance
’ ) F1(1285) 1281.9 22.7 0.29 +0.0310:1 1730
| .\ / 71(1420) 1426.3 54.5 0.55 = 0.07-01 9.0
n(1405) 1422.0 +£2.1+32 86.3 +2.7+65, 3.57 +0.18%03° 18 9+
f1(1510) 1518.0 73.0 0.78 £ 0.091 03 5.30
f2(1525) 1517.4 86.0 2.76 £0.18702) 16.40
€ First time in y¢ X(1835) 1849.3 + 3.01]f, 179.6 £ 8.7°775 3.37 £0.19+078 15.30
12(1950) 1936.0 464.0 9.96 +0.60151% 13.16
\ 1>(2010) 2011.0 202.0 4.63 £0.431]2 11.36
£f0(2200) 2187.0 207.0 0.20 + ()_()4J_r(f){-{‘))§3 6.30
0.21 +0.0315% 12.96

/ e 2983.9 32.0
]_.-"'

e ° N — Y@ observed for the first time

= 1000 12N, = 115.40/80= 1.4 'f'ff;& T 600:-}(2/mel= 97.15/80= 1.21 g

s | @ 1 nam 2| wiso ] nes  © 7(1405) is unfavorable to be a glueball > excited

P - 1{1420) 10 400f — - 1(1420) state Of 77’

© i f(1510) [ ] --tq1510)

‘:{ 500._ ] f,(1525) = - 4 --i,(1525)

g | xreas) £ 2 1 . xies ° 1(1475) and n(1295) cannot be excluded

T [ | % L 4,(1950) i 1 --1,(1950) ] ) PC T )
e ; oo o : —weon  © X (1835) is confirmed to be J*~ = 07" with a sizable
. . o f,(2200) -, " e e ' f,(2200) _ . . .

L Bl e aianidsannnutoi v IR s Omati Aot oo JE) s§ component = second radial excitation of the n’
1 1.2 1.4 1.6 1.8 2 2.2 16 1.8 2 22 24 26 28 3 .

MG, ) (GeV/e?) Mi(,,5,8) (GeV/c) » No signals for n1(1855) and X(2370)
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Preliminary: X(1835) and n1(1405) inJ /Y - yyw

J/Y - yyw
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[this analysis] [FRD 111, 052011 (2025)]

Resonance J/ — YR — yyw(x107%)  J/y = yR — yyd(x1075) 15‘{’;:;‘;;;
£1(1285) 1.73 £0.12% 12 0.29 + 0.03*7 15 3.5+15
£1(1420) 0.88 +0.10%929 0.55 +0.07+01% 1.1+0.7
1(1403) 3.54 £ 0.20*05 3.57 +0.18407 0.3 +0.1

Me 0.20 + 0.06*903 0.21 £ 0.03*993 0.8 +0.5
n(1295) <0.35 < 0.84
n(1475) <0.14 < 0.38
X(1835) <0.11 3.37+0.191078
X(2370) < 0.04 <0.11
m(1855) <0.33 < 4,74
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« Predominantly 2** componets

* 1(1405) - y¢ with a partial width 3 times than for yw
* f1(1285) - yw with a partial width 3 times than for y¢
* 1(1405) mass and width different from PDG values

+ X(1835) not observed - second radial excitation of ’
with §s components

* 11(1855) and X(2370) suppressed = gluonic components
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Summary

Since the beginning of data taking in 2008, BESIII has
played an important role in the exploration of the

charmonium spectrum and in the characterization of
XYZ states.

But the story of BESIII is far from over ...

» Upgrade of the CGEM-IT inner tracker
* Accelerator upgrade

New high-statistics and high-energy datasets will open
new horizons for the search for XYZ states and for the
detailed study of charmed baryon

e

|c 3

Light Exotics at BESIII - E. Di Fiore PhitoPsi - 2026

Upgrade BEPCII
(BEPCII-U)

BEPCII

2
7z

3.0 4.0 5.0 5.6

Ecm (GeV)
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Grazie per l'attenzione!
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Outline
° The BESIIl Experiment
° Glueballs with Radiative J /1 Decays @BESIII
° X(2370): glueball-like particle
* Radiative J /Y Decays

°  Summary
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BESIII Experiment

BESIII (Beijing Spectrometer Ill) is an experiment located
at the BEPCII (Beijing Electron Positron Collider II) at
IHEP (Institute of High Energy Physics)

Multi-layer Drift Chamber

Time of Flight Detector )
BESIII has collected the world’s largest sample

of J/Y and of @(nS)

10x10° 2.7 x10° ~2.9 fb-l
Wy @(25) w(3770)

: X
6 A Mark-1

Mark-1 + LOW
® Mark-IT
® PLUTO

R Crystal Ball

4 *» BES

7-charm factory 2.0 GeV < Vs £ 4.95 GeV with an 3 //M \

instantaneous luminosity of 1033 cm2 s @ Vs=3.77 GeV wiibivdgipmpion [”6'°f""m““d"esj

3.8GeV<s<4.6 GeV Js = 4.6 GeV
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X(2370): Glueball-like particle injJ/Y

- YKoKJn'
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1 : 20 1P
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Using 10 bilion J /3 events KeKen

Main background (J/y - n°Kd Kdn' and ]/ » K2K27n') are forbidden by

exchange symmetry and CP conservation
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22242628 3 °

2
MKngn. (GeV/c?)

ﬂ Phys. Rev: Lett. 132, 181907 (2024)
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X(2370): Glueball-like parttcle

J/ - YKSKSW

T

NV z
-t

To select f;,(980)
> M(KJKD) < 1.1 GeV
S~

220
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Phys. Rev: Lett. 132, 181907 (2024)
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X(2370): Glueball-like particle

L L D B B 180'_"'I"'I'"I"'I"'I"'_'
C 2In,, = 82.68/69 C 2In,,,, = 86.46/52
J/Y - YKSKSU 180 (a) Fina 826800 3 g0t (P) | o, -
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. _ - e 5 0: ._---.' e m e N ol o LI
% 2 22 24 26 28 3 098 1 1.02 1.04 1.06 1.08 1.1
Moy (GeV/c?) Moo (GeV/c?)

Events / 0.01
[=7]
[ =]
|

The parametrisation for the PWA:

- The f¢(980)7n’, with f,(980) - KK, is described via the X(1835), X(2370) and n. resonances,
and a broad X(2800) (JP¢ = 0=") structure, and a non-resonant (K¢K¢)s/p_wave COMponent

- The X(1835), X(2370) and the X(2800) are described by Breit-Wigner distributions, while the
f0(980) by a Flatte

ﬂ Phys. Rev: Lett. 132, 181907 (2024)
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X(2370): Glueball-like particle in ]/ —» yKOK{n'

]/II) — YKSKSU ) 130;('@ o Ialfr'nt; - s2.6008 _ 180%—'(5)" o ] ' ‘!'n.,: PR _

{ Data
- a E’__ 160 _ —— MC projection _:
% 140F Bl Background 3
Q)] S A R 1 | O S Non-resonant
\I \/ Z' w 120 - X(2370)
5. 100E . | X(1835)

X(2800)

o i
o UF
e% £ 60f
g o 40f
20F
0

¥ 2 22 24 26 28 3 098 1 1.02 1.04 1.06 1.08 1.1
o Meoce,: (GeV/c?) Moo (GEV/C?)
The parametrisation for the PWA: o o

* The X(2800) is included to effectively describe the X(2600), (observed at 4.2 o), and the tail of the n,
« The X(2800) was fitted using differnt PWA models, on which its significance strictly depends

ﬂ Phys. Rev: Lett. 132, 181907 (2024)

Light Exotics at BESIII - E. Di Fiore PhitoPsi - 2026 B_GS]]I INFN TE 24




X(1835) e n(1405): Recent Results

J/Y - vyo

Acting as a flavor filter, the decays
J/ - vX. X->yV (V=p w ),
provide a clean tool to disentagle the
quark content of intermediate
resonances

Light Exotics at BESIII - E. Di Fiore
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ﬂ Phys. Rev: Lett. 111, 052011 (2025)
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X(1835) e n(1405): Recent Results

J/Y - yyd
N\

/y

GPUPWA framework used to disentagle
the structures in the Dalitz plot
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ﬂ Phys. Rev: Lett. 111, 052011 (2025)
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X(1835) e n(1405): Recent Results

] / II) N yy ¢ Resonance M (MeV/c2) I (MeV) B(x10-%) Significance
f1(1285) 1281.9 22.7 0.29 +0.031 3 17.36
y & ", (1420) 1426.3 54.5 0.55 £ 0.0713 9.00
'\ / n(1405) 1422.0 +2.132 86.3 +2.7165, 3.57 £0.18102 18.90
f1(1510) 1518.0 73.0 0.78 £ 0.091 -3 5.30
f>(1525) 1517.4 86.0 2.76 +0.18109) 16.40
e X(1835) 1849.3 + 3.01 5, 179.6 +8.7:373 3.37 £0.194078 1530
. £>(1950) 1936.0 464.0 9.96 £ 0.6013' 13.10
1,(2010) 2011.0 202.0 4.63 £0.431]42 11.30
f(2200) 2187.0 207.0 0.20 + ()_()4jg:g~; 6.30
e 2983.9 32.0 0.21 £0.0310% 12.9¢
/r
—~ 1000l YN =11 _ 144 1 ™ ¢ ek, N = _ g o
1; 1000F x*N,. =115.40/80= 1.44 1 - t1285) % Y*N,. = 97.15/80= 1.21 1 - i1288)
2 n(a05) 2 [ peba, (b)) ] - n(1408) 171(1405) and f1(1420) are needed to
0 f(1420) © 400} - --1(1420) . .
% 1“510) S F : 1(1510) describe the structure with mass
T 500 - - -
= aises) b 4 -ts2s) around 1.4 GeV
) -~ X(1835) & I 1 --x(1835)
o 1,(1950) 3 - 1 --1,(1950)
0 ol 3 . —1,(2010) 0 . —1,(2010)
S . f,(2200) 5 N f,(2200)
= gE-ﬁ#’M%‘f‘M*»‘:yw.;&ﬁg‘;‘h] ; = EE----W*N‘?&*W?\M** o . ﬁ
) 12 14 16 18 2 22 16 18 2 22 24 26 28 3 Phys. Rev: Lett. 111, 052071 (2025)
My, ¢) (GeV/c?) My, 48 (GeV/c?)
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f1(1420) and 1(1405) in J/} - yr°n’n®
J/Y - yr'n'n®

vector mesons around 1.3 and 1.4 GeV

* Investigate anomalous isospin-breaking effects in the
decay n(1405) - f,(980)7°, potentially driven by the
“triangle singularity” mechanics

* To clarify the nature of states like 7(1405) and n(1475)
e” !% and investigate the properties of pseudoscalar and axial-
/

Phys. Rev: Lett. D 112, 032007 (2025)
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f1(1420) and 1(1405) in J/} - yr°n’n®

0,00 To clarify the nature of states like (1405) and n(1475) and
]/¢ — yn- n'n investigate the properties of pseudoscalar and axial-vector

mesons around 1.3 and 1.4 GeV

B . 8 J 8 8 L | 8 J . 7] 2000 __I UL 1 LU ] LU LI L '_._
1400 & « (@ 1 1so00F . (b) =
¢ 3 1200 - “bi1e0o |- -~ =
21000 E 1 J1400F =
21000 . : gmoo:— E
o . A o N 1
& 800 " { T1000f e E
/ £ 600 . 1 8§ 800f o h E
14 S 400 1 £ e00f £
L - tes* " o G oo fee-ete" M =
208 et T 00T T e e
0 Coena®®? | : L N o £ . P L : [ | 3

1 1.2 1.4 1.6 0.9 0.95 1 1.05

M (n°n°n") (GeV/c?) l M (n°n?) (GeV/c?)
The %770 invariant mass distribution N .
shows distinct enhancements around Strikingly narrow and prominent peak
13 GeV and 1.4 GeV correspondig to the f(980) in the mm® spectrum

Phys. Rev: Lett. D 112, 032007 (2025)
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f1(1420) and 1(1405) in J/} - yr°n’n®

]/II) — YTl'OTl'OTl'O Mass Dependent (MD) PWA was performed for

M(°n°n®) < 1.6 GeV to decompose the overlapping states

" 800

_— ‘ x’-ﬂ\'lbins='211.1lf'55 | ‘ T | | (a) —_
: —+— Data :
o [~ — n(1405) i
~ — 0" PHSP
R~ B
= - f(1510) .
o — — 17 PHSP .
T 40Q— — Tofalfit e
2 L i
S+ i
— 3 200 -
The structure around 1.3 GeV is B °
dominated mostly by f1(1285) 0
SE
= OF
The peak at 1.4 GeV is a coherent mixture __ > ;
of the 7](1405) and the f1(14'20) M(n°n°r°) (GeV/c?)

Phys. Rev: Lett. D 112, 032007 (2025)
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f1(1420) and 1(1405) in J/} - yr°n’n®

J/Y - YTL'OTl'On-O Mass-Dependent (MD) PWA was performed for

M(°n°n®) < 1.6 GeV to decompose the overlapping states

T 800— ‘ xth]bins;211.';!55 | ' ' ' | | (aj .
: —¢— Data :
& [ —n(1405) i
S 600 7285 —
(&) — f (1420) B
= - f(1510) .
o —  — 1" PHSP .
T 40Q— — Tofalfit —
2 [ i
c
5 | i
0 200_— m
. . . 0_ , : , T
For the first time, three axial vectors SE cptatbas sty by b g =
- £1(1285), £1(1420), f1(1510)- = 0;.,.‘,_',.'..'_.'..'_.'..'ﬁ'..'..'.ﬁ.ff#ifflﬁff Mgy AWMLY
are observed decaying into w7 %x° S A I T P A A
1 1.1 1.2 1.3 1.4 1.5 1.6
M(x°1°z%) (GeV/c?)

Phys. Rev: Lett. D 112, 032007 (2025)
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f1(1420) and 1(1405) in J/} - yr°n’n®
J/Y - yr'n'n®

— |
2000~ o Data ]
- — MD fit (c) i
‘3@ sso0- — MP T a
> - — MD T .
¢ , = L 4-Mi0" i
O —
< 1000— —+— MI 1 |
2 [ .
: — —
/ g _ i
4 W s00/— .
. . ok L i
A Mass-Independent (MI) PWA was performed bin-by-bin to 1 12 14 16
check and validate the MD baseline model M(n°x°n°) (GeVi/c?)
o Comparison MD and MI PWA fits on M(°n°x®) for
Qualitative agreement between Ml and MD PWA, contributions with subdecays of f,(980)7° and
where the structure around 1.3 GeV is dominated by a 1+* 0** PHSP m® combined

contribution and the one arount 1.4 GeV aries from 0-* and
1++ resonances
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f1(1420) and 1(1405) in J/} - yr°n’n®
J/Y - yr'n'n®

2000

500

- — MD it (©) 1
< | — wmpor :
© 1500 -
2 - — MDT” .

—i— , = L 4-Mio” i
o .

< 1000~ +M T B

o ]

/ ; _

> |

Y w ]

1.

—‘|||||||||

(=]

12 14

A Mass-Independent (MI) PWA was performed bin-by-bin to
check and validate the MD baseline model M (7°r°r°) (GeV/c?)

More sophisticated model incorporating
Qualitative agreement between Ml and MD PWA, > the coupled-channel effect near the K*K

where the structure around 1.3 GeV is dominated by al+* threshold is required to describe the data
contribution and the one arount 1.4 GeV aries from 0-* and
1+* resonances
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f1(1420) and 1(1405) in J/} - yr°n’n®
J/Y - yr'n'n®

Resonance M (MeV/c?) I’ MeV) B Significance (o)
m’ n(1405) 1404193 12 46156 100 (4.62 +0.157578) x 1076 19.1
0~ PHSP = = (3.24+0.08404]) x 10-3 24.8
= = [£1(1285) 1281.9 22.7 (5.64 + 0.4507%) x 107 13.3
22k ) :
< < 54/1(1420) 141817 +29 46134 461 (2.23 £ 0.167929) x 10 13.7
& 1(1510) 1518 73 (7.91 £ 1.201974) x 1077 8.8
1++ PHSP e (2.60 £ 0.0814%) x 1075 13.3

- Disentangled the JP¢ = 0~ and 1**contributions below the 1.6 GeV
- Confirmed significant isospin-violating decays of both 1(1405) and f; (1420) into f,(980)r"

* Provided crucial new inputs (branching fractions) for understanding the 1**meson nonet near the
K*Kthreshold

* Fully resolving the n(1405) /n(1475) puzzle and the triangle singularity will require a comprehensive,

. . . O O 0 .
coupled-channel analysis including the K¢ K¢ final state Phys. Rev: Lott, D 112, 032007 (2025)
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X(1840) and X(1880) in J /Y —» y3(m ™)

+ —_—
J/Y - y3(m )
3000p . ¢ data a)
; _ F , = fit result
ot onT — 20000 % 2500 1 === X(1840)
I It kS L 3 ! ... total background
- < 2000 !
= < ! =.= non-resonant
o+ 71 il % @ 1500 Jhy—-n3(nr)
o - 5 i polynomial
e~ 9 B u’jmuo;
10000 TR EECEE ;
£ .
(€b]
>
/y if
R R
(| T e—— ity e T b
MODE a) > threshold effect sttt a4y dhEh
Incorporating the Flatte formula for the opening of the S
X(184_0) - ﬁp decay 1.6 1.7 1.8 1.9 2

M(6r) (GeV/c?)

Phys. Rev: Lett. 132, 151901 (2024)
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X(1840) and X(1880)
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X(1840) and X(1880) in J /Y —» y3(m ™)
J/Y - y3(mn)

« The X(1840): later observed in y3(m*m™) mass spectrum, this
e = state was thought to be a decay mode of X(1835), despite having
a substantially narrower width

%/  This study analyses the X(1840) line shape to investigate a
potential slope-changing near the pp mass threshold in the
M(6m) spectrum

* Study of the J/Y - y3 (™), with a dataset 45 times larger
than the sample previously analyzed  prs Revtet. 85 091502

(2013)

Phys. Rev: Lett. 132, 151901 (2024)
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X(1840) and X(1880) in J /Y —» y3(m ™)

J/Y - y3(m )

1L

+ | i

/

A significant structure is observed for the first time at
1.84 GeV, near the pp threshold

Events / (10 MeV/c?)

Coherent sum of two structures
Interference between two resonances: a coherent
sum allowing quantum interference between two

distinct resonant structures X(1840) and X(1880)

Light Exotics at BESIII - E. Di Fiore PhitoPsi - 2026

Events / (4 MeV/c?
o 3
= =
(=] [=]

1 ¢ data
i = fit result (b)
-+ X(1840)+X(1880)
X(1840)
- -X(1880)

interference term
«« total background
='*non-resonant
Jhy—-nl3(nm)
polynominal

s
[t

W
"
BETEELLEY

-
-
-
-

Ll

- =
L s = SR

T

ApOMNMA O

M (6m) .(GeV/cz)

Phys. Rev: Lett. 132, 151901 (2024)
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X(1840) and X(1880) in J /Y —» y3(m ™)
J/Y *ﬁy3(ﬂ+ﬂ_)

Parameters Solution 1 Solution II
. S A M (1540 MeV/c?) 1832.5 + 3.1 +2.5
ot ' T~ rx(lg40) (MCV) 80.7+5.2+7.7
- | Bx (1840 (x1075) 1.19+0.30+£0.15 2.07 +0.50 + 0.36
g | M (1s30) MeV/c?) 1882.1 1.7+ 0.7
rx(lgg{]) (MCV) 30.7+55+24
y Bx (1580 (x107%) 0.294+0.20+0.09 1.19+0.31+0.18
20000— - 3Eii‘f(égsszijc‘)t) xuee(o?)
g o000k J”” Observation of X(1880) with a statistical significance larger than 100

The discovery of two overlapping structures near the 1.84 GeV provides strong
experimental evidence suggesting a pp resonance

AOMNMAE O
TTTT T T T T

16 17 18 19 2 Phys. Rev: Lett. 132, 151901 (2024)
M(6m) (GeV/c?)
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