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The Standard Model

Standard Model of Elementary Particles

three generations of matter interactions | force carriers
(fermions) (bosons)

¢ The Standard Model gives a description of the ' ! !

elementary particles and their interactions. e B N u
o _ up l charm | tdp higgs
+ Building blocks of matters (elementary particles) e
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Gluons are the force carriers of the strong interactions



Forms of hadrons

¢ |n quark model:

o

Meson

Baryon

¢ Other forms of hadrons:
+ Multi-quark: quark number >= 4 % ﬁ ﬁﬁﬁ
+ Hybrid state: the mixture of quark and gluon
+ Glueball: composed of gluons (99, 999, 9ggg ....) g % g

¢ The basic theory for strong interactions is quantum chromodynamics (QCD)
+ Gluon self-interaction: prediction of non-Abelian Gauge SU(3) QCD theory
+ Glueballs are unique particles via self-interactions and formed with force carriers



Theoretical Prediction

¢ Lattice QCD (LQCD) is a non-perturbative
method from the first principles in theory.

+ Quenched LQCD: quantum loops of fermions in
Feynman diagrams are neglected

+ Different lattice QCD groups (including lattice
simulations with dynamical quarks) now have
consistent results

+ The predictions of masses and production rates of
pure glueballs are expected to be reliable.

¢ Lattice QCD predictions on glueball masses:
+ 0+ ground state: 1.5 - 1.7 GeV/c2
+ 2+ ground state: 2.3 - 2.4GeV/c?
+ 0-+ ground state: 2.3 - 2.6GeV/c2
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Glueball Search

¢ Many experiments searched for glueballs over the past 4 decades.
¢ Glueball production in J/Y radiative decays
¢ Glueball decays

¢ Many historical glueball candidates, but also some difficulties

+ Scalar Glueball candidate (0++): fo(1500), fo(1710)

+ Tensor Glueball candidate (2++): f2(2340)

+ Pseudoscalar Glueball (0-+): n(1405)



J/y radiative decays

® Gluon rich environment

< hadrons
-

~ OloLg? ~ OLOLO

@ Isospin filter: final states dominated by I=0 processes
¢ Spin-parity filter: C parity must be +, so Jec=0-+, 0++, 1++, 2++, 2+ ..

@ Clean environment in electron-positron collision: very different from
proton-proton collision

= |deal place to search for glueballs



Glueball Production in J/y radiative decays

@ Rich production in J/y radiative decays:

+ Glueball production rate in J/y radiative decays could be higher than normal hadrons

+ A glueball could be easier produced than a conventional gg meson with the same Jr¢




Glueball Decays

®No rigorous predictions on decay patterns and their branching ratios

® The glueball decays could have similar decays to the Charmonium families since both of them
can only decay via gluons

ata- K+*K— 12 For a glueball, say, a JF¢ = 2+ glueball, which is made of two gluons,
its decay proceeds via the two-gluon hadronization, which is similar to the second step of

the y.2 decay. The difference between the 2% glueball and x.; in their decays is that the
two gluons are hadronized at different energy scales, and consequently in the two cases the
branching ratio for a given final state can be different. At the higher energy scale like the x.2

From Kuang-Ta Chao 1995 Commu. Theor. Phys. 24.373

it is worth noticing that there are not any other parti-
cles showing such properties [ 12] as & except for the
particles with pure OZI suppressed decay modes such
as J/, x.0, X2, etc. The flavor-symmetric couplings

ple equally to all flavors. Since there has been no
glueball confirmed by experiments, the best way look-
ing into the flavor symmetry should be to study the
decay processes which proceed through a two gluon

intermediate state [ 10]. Fortunately, a lot of experi- The knowledge [12] about the hadronic decays of
ments have already studied such processes as the de- J/¥, e, xo and yc which proceed through pure
cays of charmonium family. One example is, the two gluon intermediate state suggests that the glueballs

From Tao Huang, Kuang-Ta Chao et al. PLB 380 (1996) 189-192



0-+ Glueball Decays

¢ The glueball decays could have similar decays to the Charmonium families since both of them
can only decay via gluons

+ The 0+ glueball could have similar decays of nc

+ One of the favorite decay modes of nc is rirtn’, so J/Pp—y rirn’ could be a good place to search for the 0-+ glueball

¢ Different energy scales between the charmonium and glueballs
+ Different decay branching ratios

+ The nc has larger phase space region than a 0-+ glueball with lower mass



Glueball Search

¢ Many experiments searched for glueballs over the past 4 decades.
¢ Glueball production in J/Y radiative decays
® Glueball decays

¢ Many historical glueball candidates, but also some difficulties

+ Scalar Glueball candidate (0++): fo(1500), fo(1710)

+ Tensor Glueball candidate (2++): f2(2340)

+ Pseudoscalar Glueball (0-+): n(1405)
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Historical Glueball Candidates — Scalar 1o(1710)
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@ The fo(1710) was discovered in J/Pp—ymtrt- and J/Pp—yK+K- by Marklll in 1987 as 62(1720)

+ Jre = 2++ from a simple fit to the angular distribution

+ The significance of 2++ state is ~30 better than 0++ assumption

@ Lots of studies at Markll, DM2, BESI,BESII, BESIII
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Historical Glueball Candidates — Scalar 1o(1710)
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¢ The fo(1710) was firstly changed to be 0++ on a full PWA of J/—> yKK @ BESI

¢ The fo(1710) favors to be a scalar glueball or large glueball content if it is a mixture of glueball
and normal meson

+ High production rate of Jip—> yfo(1710) + Decay suppression in fo(1710)> nn’
BlJ/w = yfy(1710) = yzr] = (4.0 £1.0) x 107

BESII: PLB 642 (2006) 44 B[ fy(1710) = nn'lfy(1710) — zz] < (2.9+% ) x 107
BlJ/y — 7f(1710) — yK)K{] = (2.007 3 +031) x 107 BESIII: PRD 106 072012(2022)

BESII: PRD 98 (2018) 072003
12



Historical Glueball Candidates — Scalar 1o(1710)
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¢ Controversy: with PS subtraction, I'(fo(1710)— ntm:KK )=1:2.43, in contrast to the flavor symmetry

property of a pure glueball

3

BESII: PLB 642 (2006) 441

BlJ/w = yfy(1710) —» yK°K"] = (2.00

BESII: PRD 98 (2018) 072003

+0.03 +0.31
—0.02 -0.10

BlJ/y = vf,(1710) = yan] = (4.0 £ 1.0) x 107*

)y x 1074

¢ Difficulty: needs to be understood from first principle of QCD (not just phenomenological understanding)

+ What causes the flavor symmetric breaking?

+ Dynamic mixing mechanism: mixing between fo(1500)/fo(1710), or even with fo(1790)
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Historical Glueball Candidates — Scalar 1o(1500)
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¢ The fo(1500) was discovered by Crystal Barrel in 1992
+ An unique O0++ candidate since fo(1710) was f2 at that time
@ Disfavors to its interpretation as a scalar glueball

+ Lower production rate of JAp—> yfo(1500) + _No strong suppression in fo_(1 500)—> nﬂ)’ét2 .

BlJ/y — 7£(1500) — yK)K] = (1.597 10 +0-18) BLfo(1500) — y'lf(1500) — zz] = (1.66+2,35) x 10

BlJ/w — yfy(1710) — yKPK?] = (2.00%5:03 031 x BUo(1710) — mn'fo(1710) — zm] < (2.9%%59) X 10
BESIII: PRD 98 (2018) 072003 BESIII: PRD 106 072012(2022)
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Historical Glueball Candidates — Tensor £(2230)
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ol I statistics.
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Historical Glueball Candidates — Tensor 12(2340)

@ |ts large production rate in J/Y—y(KK/nNn/n’n’/dd) favors its interpretation as a tensor glueball .
¢ Difficulty:

+ Many wide f2 mesons and large overlaps in the mass region of 2.3GeV (2++ glueball mass from the
LQCD predictions)

no clear mass peak of these f2 mesons.
+ More PWA studies are needed to check the consistency among various decays modes.

However, due to large overlaps again, no independent mass and width scan can be performed in PWA.

(f) 2500 - e 0" model independent
C\IO J/\V_)VCD(D ------- 0" model dependent
S 2000 - e m 0" model independent Resonance M (MeV/c?) T (MeV/c?) B.E (x107%) Sig.
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£ 1000 L g, ' 224 (0.43+0.04102) 240
S : R Ty, 202 (0.35+0.0570%) 9.50
- o o P, 149 (044 + 0.07-99) 646
SO0 o ot e 319 (1.91+0.147072) 1lo
ST Fraia 274 £0.150°) 6.80
0 Lo i it ﬁf“"'"."'g'!"'-'r'--'-'-'i-lu..- e ( “Lis)
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PRD 92, 112011 14y (GeV/c?) 16




Historical Glueball Candidates — Pseudoscalar n(1405)

@ first discovered by Markll in 1980’s, named as

n(1440) with complicated structures. Lots of
studies at Markll, Marklll, DM2 and BES.

10 |

@ Believed as the first glueball candidate due to s | )

its large production rate in J/ip radiative
decays and lack of reliable LQCD

ro Mg

predictions in 1980’s e

@ No longer to be 0-+ glueball candidate due to
its large different mass from LQCD prediction. 0

12 |

PRD 73 (2006) 014516

++

-+

-+ -

Mg (GeV)
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Historical Difficulties in Glueball Searches

¢ Experimentally:
+ Data sample was not big enough
+ No good way modeling background in many cases.
+ Interference among mesons makes the analysis more complicated:

- PWA is a must, but it is complicated and takes a quite long time.
® Theoretically:
+ Very rare prediction on the glueball production rate I'(J/y—yG)

+ No rigorous predictions on decay patterns and branching ratios so far (even the order)

+ Mix with ggbar mesons or even with 49, ggg, mesons? Mixing dynamics?

18



Beijing Electron Positron Collider (BEPCII)

~ A= F _-_— - ~ '!\ e >0

World unlque e+e accelerator in charm phy3|cs energy reglon

A

=

2004: Construction
- Double rings
- Beam energy:
1.0 - 2.3 (2.45)GeV
- Designed luminosity:

1%x1033 cm-—2 s-1

S 2008: test run

2009-now: BESIII
physics runs



RPC: 9
layers

BESIII detector

Designed for neutral and charged particle with excellent resolution, PID, and large coverage

Electro Magnetic
Calorimeter

Barrel
ToF
Endcap Q% DU Wi,
ToF N .
SC N
Quadrupole N

e
~
—

RPC: 8
ayers

o
\l
;D
oL
9

S6'0—_—_9S00
06 0=

Total weight 730 ton,
~40,000 readout channel
Data rate: 5kHz, 50Mb/s

Has been in full operation since 2008, all sub-detectors are in very good status!

¢ Magnet: 1T Super conducting
¢ MDC: small cell & He gas

Oxy = 130 pm

0o/p=0.5% @1GeV
dE/dx = 6%

¢ TOF: plastic scintillator/MRPC
ot = 80 ps Barrel

or = 110 (60) ps Endcap
¢ EMC: Csl crystals
AE/E =2.5% @ 1GeV - Barrel

AE/E = 5% @ 1GeV - Endcap
¢ Muon ID: 9 layer RPC

20



BESIII Collaboration
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BESIII Data samples

Totally about 50fb-1 integrated luminosity

1074
Data sets collected so far include - @
10
+ 10x10° J/Y events , ; o
9 ! |
¢+ 27X1 O q)(ZS) events data below open-charm threshold
-1 2.23~3.67 GeV: 14 points ~110 pb~?!
- 10
+ 207 9(3770) 200-3.08 GeV. 21 points ~550 pb-
+ Scan data between 2.0 and 3.08 § i ’ " ? B q
GeV, and above 3.74GeV T/ Y(25) w. | 423+426:10
6 /9108 W(25): 2.7%10° 1 oY= b1
+ Large datasets for XYZ studies: T e T e PP
. s | ad : 1.0 fb~?!
| | .mf._.‘ - ..,\‘ - '
Scan with >500pb-1 per energy i A EECEET S Y oy
.‘ '..;‘-' 5 ~6.3 fb~! in total

point space 10-20MeV apart

R scan data above open-charm threshold
3.85~4.59 GeV: 104 points, ~800 pb~*

World largest J/{ data sample : ~10 billion
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Observation of the X(2370) in 2011

A B ] ] ] ] ] ] ] | ] ] ] ] | ] ] ] |

‘% 5()0:— P X(21 f(2370) J/P—-ymrren’ With ~225M J/ events

bR LI i M(MeV/c2) '(MeV/c2) Sig.

X(1835) | 1836.5+3.0%3-651 | 190.1+£9.0%3836 | >200

-
-
-
-
-
-
.
-
' g

o

S : X(2120) | 2122.4£6.7%4757 | 831635 | 7.20

X(2370) | 2376.3£8.713-2.43 331744 ¢ 0.4c

PRL 106, 072002 2011) M___(GeV/c?)

TLTTT)

¢ Discovery of X(2370) in J/p—yr*t-n’ with the statistic significance of 6.4
® First observation of one particle: a good candidate for 0-+ glueball

+ Mass, production and decay property are consistent with the LQCD prediction
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Confirmation of the X(2370) in J/y—yKKry’

20— 7T T e L L L B L L
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~ o[RS W, 1oy (©)] . gof kK, W, pPoom'n (d): « T = 117£10(stat.)=8(syst.) MeV
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> - — Fit result PHSP ; > 0 fam Fit result oo PHsk E
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8 20} 2 G 70 : |8 o sgmxesro : - Br(J/y—yX(2370)—yKK1’)=(1.79+0.23+0.65)x 10
O qg[ - nsideband || | S OUF - -y sideband “l I ;‘
2 i S 40p ][ S *  Br(J/yw—yX(2370)—yKsKsn’)=(1.18£0.32+0.39)x10-3
N __ g 2] - gl G
2 1o0f Wit 2 30 Pkt
RN SR LR S i 102 2of et T o
n > e R gt F ,0:0:::0:0,0 ----------- i - 10 y gl +”+ .0203»3«,00 T P oA E AR it
b e e s s T T R T e
O2 2.1 22 2.3 24 25 26 27 02 2.1 22 23 24 25 26 2.7
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EPJC (2020) 80:746

Observation: X(2370) new decay mode of KKn’
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X(2370) - good candidate of 0-+ glueball

®[ts mass is consistent with LQCD prediction
on the O-+ glueball

©Observed in flavor symmetric decay modes

of ztn~n' and KKin’' — favorite decay
modes of O-+ glueball

®\We need to know its spin-parity

ro Mg

12 |

10 |

Mg (GeV)
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Spin-Parity determination of the X(2370) in J/w—yK%K?%n’

Make use of four advantages:

& Clean J/y — yK K5’ process

+ Almost no background: possible dominant background processes of J/y — ﬂOKOKOn
and J/y — KOKOn are forbidden by exchange symmetry and C-parity conservation.

¢ ~10B clean J/y events

¢ High efficiency and precise resolution of charged particles and photons: good
reconstruction for K/n

¢ Two dominant decay modes of ' — y7 7~ and ' — 77 7~ 1: good reconstruction for 7’
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Selection for J/y — yKOKOn n' — n Ty
K Signal selection: \ 7 @:g

+ At least 3 charged pairs + 3 photons C | g \@
+ Constraint kinematic fit with energy-momentum conservation st et tatatui (1"
+ KOs reconstruction: |Mmn - mks| < 9 MeV/c2 ]/l// m ®\G
+ n’ reconstruction: |Mmm - my| < 10 MeV/c2 [ g @_@
¢ Background veto: \G

K* o veto: |Myy - mno| > 20MeV/c? j

0L L1, . : 0
0.46 0476 0.492 0.508 0.524 0.54 852 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1
M. (GeV/C) M, ... (GeV/c)

Clean K% and n’ Signal
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Selection for J/y — yKSKSn’, n' — yr'm
K Signal selection: \ ¥ o

+ At least 3 charged pairs + 2 photons | @_@
\6
+ Constraint kinematic fit with energy-momentum conservation c g
+ KOs reconstruction: |Mmn - mks| < 9 MeV/c2 J/W m " &
+ n’ reconstruction: |Mnm - my| < 15 MeV/c2 B 500000000¢ \@
c |

¢ Background veto: ®\@
K* m°/n veto: |Myy - mno| > 20MeV/c2, [Myy - my| > 30MeV/02j &

700:_"'aa| |||_ |||||||

5600 | e T’ o S0t t ome ¢ Wy

SO0F e ; G300 | we # -;

250t 2250 t ¢ :

5200 j* ? :

) - : o* : :

|.|>.|100:_ - ‘l@ﬁ ff . E

B Tare 0497 0.508 os3i 54 53W¢ "”“*‘%wﬂ-ﬂ

' ' ' ' ' ' 0.92 0.93 0.94 095 096 097 0.98 0.99
M. (GeV/c) (GeV/c?)
ynn

Clean K% and n’ Signal
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Background estimation

¢ Negligible mis-combination for K% reconstruction ( <0.1%)
¢ No background from J/P—nPK9%KO%n’: further validation directly from data
¢ Little background from non-n’ processes: estimated directly from n’ mass sideband region:

+ No peaking background

+ Non-n’ background fraction: 1.8% forn’—mtintn 6.8% for n’ 2 yr+m-

LA AL B L B B L B L L L
160 — ~ ¢ Data ' to- -
~ ¢ Dat ' +_- ] . - —>N T T -
‘\31 40:—— Fi: :lesult ﬁ = —: N(\_) 250:_— Fit result ) \ " ! _:
S BERTTEY Signal E > - e Signal ) .
8 : 22 E ..... Background E 8 200 :_ ----- Background if ‘ _:
5 :_ _: 5 _ ‘ 7
S - - S 150 —
. 80__ — O - ‘. .
=5 - ] = - .~ | _
o 60 = 2100F ' =
3 40:_ - 3 n ‘ _
i 205_ = G s0f v W 5
(P w AT L L e ik  51% & -; _,._,,r,;',."; _= .“.1' I et b o s 1 M w
92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1 092 093 094 095 096 097 098 0.99 1
M(rtcm)/GeV/c? M(yxt) GeV/c?

The process with almost no background is suitable for the PWA -




Mass spectrum atter final selection

1o | ® Similar structures in n’—m+mnn / yn+tn- modes:

, (GeV/c?)

30 + Evident fo(980) in KO%sK0% mass threshold

Mo

10 + A clear connection between the fo(980) and X(2370)

. AN S M T T

22 24 2.6 28 3

¢ £o(980) selection with M(K%K?9s) <1.1GeV/c2

" o () oo 4+ Clear signal of the X(2370) and nc

=S S 40F | Data -

§ § 30:_ | ] pnseme + Reduce PWA complexities from additional
= S HHMHH ” .91 g intermediate processes

: %2°?|H” i |”U|||| i

i S>j1°§*| -

o
o

2 22 24 26 2.8 3 2 22 2.4 26 2.8 3
M.co,c0 GeV/c? M . ... GeV/c?
sKeN KsKen
PRI 132 (2024) 181901
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PWA Fit

8- (a) 'I' ememam 2@ Best fit can well describe the data including resonances (>50):
%1235 l l il ;“Bn:cigtfuc;?n: X(1835), X(2370), X(2800), nc
O] _ iy )h:ozr;-;:sonant _
glﬁﬁ iy M ""'"'1522223 + Spin-parity of the X(2370) is determined to be 0-+ with significance
S 80F Il| ' mﬂ : larger than 9.80 w.r.t. other Jrc assumptions
c 60F I | -
i o | o + X(2800): a broad structure for the effective contributions from possible

RFPTIT T AN U high mass resonances

2 24 26 28 3
MKgKgn' (GeV/c?)

AS0F T e
a00t (d) K0 = 316919 - state Decay mode Mass (MeV/c?) | Width (MeV/c?) | Significance
lin _ / 11 18
= 232 *wfﬁ : A(2370) Jo(980)n 2395%, 18871 14.90-
2 250 | X(1835) f0(980)n’ 1844 192 22.00
2 : / 52 180
o 3 _X300) fo(980)7 2799+32 6607 180 1640
f e fo(980)n’ 2983.9 32.0 > 20.00
; | 1 (KOKYs_use 9.0
o il L PHSP T (KsKs)s o
1 -06 -02 02 06 1 7' (Ko K)D-wave 16.30

CoSO, i

PRL 132 (2024) 181901 31




PWA Validations

¢ Additional decay modes: significance <30 and impact is ignored

+ Jrc and decay modes for each components: f,(1500)n’, £2(1270)n°, K*(1410)K9, Ko*(1430)K9, Ko*(1430)K9,
Kz*(143O)KSO, KO*(1680)KSO, (KSOKSO)ST],, (KSOKSO)DT],, (Kson,)PKsO, (Kson’)DKsO

¢ Additional resonance checks: significance <5c¢

+ No evidence of the X(2120) in the KsKs mass threshold region for J/p—=yKsKsn’ only
+ The significance of X(2600)—fo(980)n’ is 4.20

+ Impact from the X(2120) and X(2600) is taken into account as systematic uncertainty
¢ The X(2800) with a mass of 2799 MeV and width of 660 MeV:
+ Used to described effective contributions from high mass region

+ Strongly reply on the description of nc lineshape: different variations are included into the
systematic uncertainty

+ Statistical uncertainties of the X(2800) mass and width are included in the systematic uncertainties
on the X(2370) measurements
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Final results

X(2370) measurements: PRL 132 (2024) 181901

LQCD prediction on lightest pseudoscalar glueball:
Jrc = 0-+ with significance >9.80 Jrc = O+

M = 2395 +11+26_g4 MeV M = 2395 +14 MeV

I = 188+18_17+124_33 MeV

B(J/y—yX(2370))B(X(2370)—fy(980)n’) B(fo(980)— KOs KOs)
B(J/y—7Go-+) = (2.31 £ 0.80) x10-4
_ (131 % 0.22+285 5,5, )x10-5 (JAy—7Go-+) = ( ) X PRD 100 (2019) 054511

¢ The measurements are in a agreement with the predictions on lightest pseudoscalar gluebali
+ The spin-parity of the X(2370) is determined to be 0-* for the first time

+ Mass is in a good agreement with LQCD predictions

+ The estimation on B(J/y—vy X(2370)) and prediction on B(J/\y—yGo-+) are consistent within errors
(assuming ~5% decay rate, B(J/y—vy X(2370)) = (10.7+22.8_7 )x10-4)
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Improved situation in Glueball Searches

¢ Experimentally:

+ World largest J/P data sample : ~10 billion

+ Physics channels with few background

+ GPU technique helps to speed up PWA [J.Phys.Conf. Ser. 219, 042031]

+ |t takes a long time in PWA for the complicated interference and comprehensive test of different combinations

® Theoretically:

+ Guidance from nc decays

+ Now we have prediction on glueball production rate from LQCD: B(J/y—yGo-+) = 2.31 + 0.80 x10-4

+ Luckily, for the X(2370), there is no other 0-+ resonance nearby (in ~200MeV range) in J/y radiative decays
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Study in J/y—yK%K%n

Observation and Spin-Parity Determination of the X(1835) in J/y — yKKon

ith 1.31x10° J/P events

Qualitatively, we can clearly observe: same decay modes  ,r o
between the X(2370) and rn if phase space allows 10 Data
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In the upper KK mass band of 1.5-1.7GeV S
range, clear signals of both X(2370) and r

In the lower KK mass band of f,(980), no
X(2370), NOr Tc

<o (GeV/c?)
PRL 115 (2015) 091803

Such high similarity between the X(2370) and . decay modes
strongly supports the glueball interpretation of the X(2370)
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Interpretation

X(2370) Ne Interpertation on the X(2370)

fo(980)1’ \ \ Disfavors 99 meson with pure it/ dd component

f0o(980)n |Suppressed|(Suppressed| Disfavors 99 meson with pure SS component

fo(1500)n \ \ Disfavors 99 meson with pure S5 component

¢ The X(2370) decay properties observed: disfavor the interpretation of gg meson

+ Observed decay modes (7. dominant decays) and suppressed decay modes are consistent between the X(2370) and 7.
+ A good agreement with the glueball interpretation

¢ The X(2370) production properties observed:

+ richly produced in J/y radiative decays as the glueball expectation

+ In the mass region larger than 2GeV, the only particle X(2370) for the 0-+ glueball candidate in J/y radiative
decays and two golden decay modes (#z1’ and KKn’)

¢ Mass, spin-parity: consistent with 0-+ glueball prediction
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Summary

¢ Glueballs are important predictions from LQCD:

+ Unique particles formed by gluons (force carriers) due to non-Abelian Gauge self-interactions of
gluons

¢ The X(2370) is the first particle that matches the theoretical expectations for a glueball
+ Spin-parity quantum numbers are determined to be Jrc = 0-+
+ Measurements and predictions on mass and production rate are consistent within errors

+ production and decay properties: the X(2370) is observed in J/ radiative decay and flavor
symmetric decay modes (favorite decay modes of 0-+ glueball)

— Glueball-like particle, X(2370) is discovered by BESIII

~
Many thanks to the efficient work:

The BESIII detector maintenance and offline software teams, computing center

\The BEPCII accelerator operation team which provide stable detector operatioD
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Prospects

¢ More decay modes of the X(2370): check the similarities with nc to understand the decay pattern of
this glueball-like particle

5 major m.decay modes (from PDG)
— 5 “Golden” modes in 0-* glueball traditional searches

Decays involving hadronic resonances
1 1'(958)7~« ( 1.87+0.26) %PRL 106, 072002 (2011) PRL 132 (2024) 181901
)

Mo 1/(958)KK (1.61+0.25)%  EPJC (2020) 80:746

Decays into stable hadrons

. . T KK (7.0 £0.4 )%
Ongglng, aiming for <'35 KK (1.3240.15) % PRL115 (2015) 091803
publlcatlon @ICHEP2024 36 T T (1.7 £05 )%

¢ Improve the measurements on the mass, width, branching ratio and production rates of the
X(2370)

+ Need to have better ways to understand and control the interferences in PWA.

¢ Close collaboration between theory and experiment. Looking forward to more reliable LQCD
studies on the glueball properties
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