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Forms of hadrons

U The basic theory for strong interactions is quantum chromodynamics (QEagrons
are the bound states of QCD

U Hadrons consist o2 or 3quarks in conventional quark model

Mesons (quarkantiquark states) on

Baryons 8-quark states) . Baryoh

% ®

Hybrid state : the mixture of quark and gluon cﬁ‘sﬁfe

U New forms of hadrons allowed by Q&L

Multi -quark: quark number >4

Glueball: composed of gluons (g@gg ggggy )
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Glueball

U The self interaction ofjluonsXX>gauge bosons of
strong interactions, is unique property of QCD.

U Glueball formed by selfinteracted gluons.

U Many candidates but have not been established yet!

dynamics of gluons
~9%% of proton mass

Yang-Mills glueballs on lattice

(quenched and unguenched results)

C Direct test of QCD _ bo Ki
I
E20(}0‘ (Ib Cb@d) C -’T

U Theoretical predictions on glueball masses from lattic ‘jT 0 meto s

QCD and QGCimspired models mostly consistent % Rt 701 me = o

1 arxiv- D Rt (6510 b omer

, Lightmass glueball with ordinaryy 1t ,¢ T [arxIv2305.04809  § weien e
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J/4 radiative decays

U Gluon rich environment

U Isospin filter : final states dominated by Bprocesses

A4

i Spin-parity filter : C parity must be , sou m hm hp gt h H
U Clean environment in electron-positron collision

very different from protorantiproton collision
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Glueball Production in J/* radiative decays

U Glueball: strongly produced in glucmnich processes

U Rich production in J¥ radiative decays
%DM=: 9DD HJG<M; LAGF J9L= AF (39' J9<A9LAN= <=

Y

C
J/ Y < hadrons
glueball ¢ <
X | | X1
C(3 J9<A9LAN= <=;9QK 9J= : =DA=N=< .LG
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Glueball Decays

U Via gluons (gluon is flaveblind) XX>Kflavor symmetric decays
0 No rigorous predictions on gluebalfslecay patterns and their branching fractions

U The decay patterns of glueballs may resemble those of the Charmonium family, as they also decay
through gluons [PLEB80 1891999, Commu Theor. Phys24.3731999)].

e.g.. That glueball could have similar decays ef
_rj;‘_j".‘ .‘Illlll.
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U Different energy scales between the charmonium and glueballs

Different decay branching ratios

— has larger phase space region thanmm@a glueball with lower mass
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Glueball Search

U Many experiments searched for glueballs over the
past4 decades.

U Many historical glueball candidates, but also
somedifficulties/controversies .

Scalar Glueball candidat Q0 TT .
’ o )72 p X P " BES, BESII. BESIII,

Tensor Glueball candidateg( ):"™ Q¢ o1 1 Crystal barrel,

Pseudoscalar Glueball candidatetr( ):—p T U DM,
MARK [IMARKIII, ...
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Scalar glueball candidate

U EXxpected production rate of scalar glueball in'J/
radiative decays

o[yr °r'o ] oy pm @LQCD

U Observedd [y © 1 "Qp x P]is xLOlarger than
"p v T @BESII

U The high production rate obff © [ "Q p X p and
the suppression ofQ(p x P 9t — ssupportsthat

"Q(p x P mas alarge overlap with glueballproios 072012022

5

still await undisputed confirmations

B(] /¥ — y scalar

B(J /¥ — B(J /v — glueball)
v fo(1500)) yfo(1710))  (LQCD calculation)
(10_3) (10_3) (10—3)
~0.29 ~2.2 3.8(8)

| 5+o AC ) || bro AMC )

YKK —+eH fo—
Y .
YT —e— —e—1

I\Il L | \II\IIl | L IIIIII|
1 10 10°

Branching fraction (107)

Natl. Sci. Rew, nol1l, nwahl98(2021)

N e ‘f @ #% whehIuR f BGS]]I
N g Institute of High Energy Physics
e Chinese Academy of Sciences

QCHS@024| Study of X370 at BESII| 8



Tensor glueball candidate

U EXxpected production rate of tensor glueball

5

U ObservedQ(c o 1) @BESII

5

U Difficulty: no clear mass peak of theS@ mesons can
be directly observed inj [ radiative decays due to
large overlaps among various wide resonances.

ofyr ©ro |

P p T @ LQCIPRL1I11(2013 091607

o[ur °r’ Aoy |

It is desired to study more decay modes

P8O P TIPT

8
8

p T

PRDO3 (2016 112011
(f) 2500 B 0" model independent
o~ u |_ O r B B ------- 0" model dependent
§ 2000 B e m 0" model independent
() B o +:*-: SR 0"" model dependent
= : o :+-: 4+ 2" model independent
8 1 500 i ) :’I-:+ ---- 2" model dependent
) C ¢ 'y
)
= - 4 T
5 1000 | . ron,,
L - " 'ﬁt:’
C . .
500 N .'t':. > 4 A g
- . VY
0 L ._.-IEI] W l"; '?".“l—.- -'.I!‘."T‘.".w.- AEaoiod o]
2 2.2 2.4 2.6

M(00) (GeV/c?)

Resonance M (MeV/c?) T (MeV/c?)

B.E (x10%)  Sig.

n(2225)
7(2100)
X(2500)

f0(2100)
f2(2010)

221672120 18512+ (2.40 £0.1012]) 280
205073975 2501301181 (3.30 £ 0.091943) 220
24701150090 2301835 (0.17 £0.02150%) 8.80
2101 224 (0.43 +£0.04192%) 240
2011 202 (0.35 £ 0.05707%) 9.5¢

300)
‘ £2(2340)
B SP

2297 149 (0 0.9
2339 319 (1.91 £0.141072) 1lo
(2. 19 14g) 990
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https://doi.org/10.1103/PhysRevLett.111.091601

7
. { Reproduced from X(2500)
Pseudoscalar glueball candidate 6] PRD 96034013 2017)
51
. . X(2370)
U Pseudoscalar meson spectrum 4! A(1839) 1(2320)
‘% 5] 1n(1405) X(2100)
. Only—and —a¢& radial excitations) from quark model ® ] n(1475) n(2010)
. . & B n(1760)
. A promising window to search for extra states = f ,
{n
0d n
U Expected mass @LQCR3-2.6GeV 1 2 3 4 5
s 2@: >AJ KL ’?DI\ZI.4=4()93[D|DntO,—9IFﬂMdU|_—;; o v
— p T X)pwhose mass is incompatible with LQCD 5 typical £t1.0  [ldecay modes in PDGKXK

5 aGoldenAmodes in glueball searches
Decays involving hadronic resonances
M 7/'(958)77 ( 1.8740.26) %
M 17/(958)KK ( 1.6140.25) %

Little experimental information above GeV

—_~
S

U Where iPseudoscalar glueball?

Decays into stable hadrons

. Them glueball could have similar decays ef F34 Egr (7.0 £0.4 )%

35 7 ( 1.32£0.15) %

3 pseudoscalar final state is a good place gearchfor E (17 £05)%
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BEPCII and BESIII

BESIII data collections The Experimental facility

7 10.0%10° 2.7%x10°
| | | | | | | | | |
= -1 ]
e P Y(25) 35“’ -
6 [ A [Mark-1 ) -
B Mark-I + LGW 0.5fb"" 1.1fb 5.6 fb! a 4 - .
B B | Mark-IT 2.9 fb! 71|b4415 . * 1989-2004 (BEPC):
5 - @ |PLUTO "1b;3770 1/)4“'“ %ﬁll" + ‘ ' | @10 pts . Lpeak=1.0x10% /cm?s
R B . Tl | ll , t ] ) * 2004: started BEPCII upgrade,
| Crystal Ball ‘ +l x| 1.9 fb_"% BESIII BESIII construction
4 [ * | BES [ { ' \* l;‘; Sl 4 detector Z— e 2008: test run
S~ IKEDR "\ R, N\ PP’ 7, ©  2009-now (BEPCII):
B I‘?f‘* | \ S . - P NP Lpeas= 1.0 X10%3/cm?(4/5/2016)
3 - ‘ Lk ' ) A : V“‘, . ¢ 2020: energy upgrade to 2.45
B | ‘ ‘ J g‘ . RIS & 3 % g GeV & top-up mode o |
B } j - I | -
B b |
2 |- - - - = X — - = R AR ]
| | | | L

3 3.5 4 4.5

5GJD< D9J?=KL (10Billiors 9L 9
ﬁ \If\(/)?/v” tc)lz(f:ll?gero(l) L|Jnn|gal and final states G
=

Provide a good opportunity to search for glueball!
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WC OX T

. 500f
S : " C S 400
U First observation by BESIIl of the ¢ o x imuff O " “ —e 3 ool
S
M(MeV/c?) G( MeV) Sig. 2 20
o > 100 F
X(1835) p Y@ o8t § PWBH  UBI >200 S I ¥ :
) obe
X(2120) Cp@C o g Yo po 7 . 210 14 1.6 1.8 20 22 254 26 2.8
o M(mtttn’)(GeV/c)
8
X(2370) cox ®@ U 3 Yo px 6. 4u RPL106 (2011) 072002
U Confirmed by BESIIl ioff © [ w—-agnew mode)] “ “ —e
200 T AN AL BN B B BRI ELRL P [
. EJ/‘P_’YK+K‘T],= n-n'Tn, n-oyy (a); — 500}J/U—)7K+K_T]', n'—)ypo, plomtt (b); N(_) 20
o | —— Data — - Chebychev ] ‘b [ —— Data — - Chebychev ] S
% 150—_—Fit result -~ PHSP ] % 400 — Fit result “--* PHSP - Q ]
0] " 55 Signal X(2370) |0 PKO { 1 O [ %% Signal X(2370) Total bkg B o S 15
5_ 100k Jy—> K"K 1+ ce. 5 300; """ Jy— KK n'+c.c.+ 5 r
% [ -- 7' sideband % 200; - 1 sideband B g o 10
8| et [ @ et E i
0,57 %2 23 24 25 26 27 0571 22 23 24 25 26 27 =5 2 25 3
Moy (GEV/C?) Moy (GEVIC?) Mn'm'n] (GeV/c?)
Eur. Phys. J. 80, 746 (2020) PRL129(2022 042001
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.072002
https://link.springer.com/article/10.1140/epjc/s10052-020-8078-4
https://doi.org/10.1103/PhysRevLett.129.042001

® ¢ O X J>Kgood candidate of m  glueball

U Its mass is consistent with LQCD prediction on the lightast glueball

U Observed in the best place to search for tite glueball:
Produced in the gluorrich J/ radiative decays

Flavor symmetric decay modes 6f “ —aand 00— YX)Kfavorite decay modes oft  glueball

C Determination of its spirparity is crucial
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Spin-Parity determination ofthe w ¢ o x mull © v v —e
Journal: Phys. Rev. Lett. 132 (2024) 181901

Advantages of this channel:
0 ~10B cleanufl events

U Almost no background:

Possible dominant background processesdf © “ 0 U —aanduff © U v —aare forbidden by
exchange symmetry and-@arity conservation.

U High efficiency and precise resolution of charged particles and photons:

good reconstruction foy and-—
good reconstruction for—afor two dominant decay modesof © 1 “ * and- © * * —
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SelectionforGff © 10 0 —d@ O “ “ —

/U Signal selection: N\

. At least3charged pairs 8 photons A
Constraint kinematic fit with energymomentum conservation c g
.0 reconstruction:|i) 0 | w- ABA Jy
— reconstruction: [0, O | pmw ABA re g

U Background veto:

\, “veto:[0 0 | ¢m ABA /

r } data

500

)

(MeV/&
w F
(=] (=]

o o
T

0

S =100

£200f ] £ 80

> > 60

“i00 L ] “ 40
20

— | A IR : PO
046 0476 0492 0508 0524 054
M... (GeV/c)

Cleanjandt Signal

8.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1

M, ... (GeV/c)
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SelectionforGff © 10 O —fe O *

6Signal selection: \ s
. At least3charged pairs 2 photons ’ C g
. Constraint kinematic fit with energymomentum conservation
. U reconstruction: |D 0 | w- ABA Jiy
, — reconstruction: |0 0 | puv ABA C g
4
U Background veto:
& “ |-veto:|D 0 | ¢m ABA,|D 0| om- A@
700 ' } data M=y _ 350 _ } data r;;ﬁ Nyt
°§60°§_Mc E ©300F | me #’
25004 @ E 2250 t ¢
§4°°§' ; 5200 f{’ }
5300 | 32“150} 4 *;}
§2oo - . I_T>_J|100 2 & én:
“1o0f : 50 | ~ ,
: : 5 ' - |
8.4-16 0.476 04;92 I0I.508 0.524“ 6.54 8.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1

M.... (GeV/c)

Cleanjandt Signal

M, (GeV/c)
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Background estimation

U Negligible miscombination forv reconstruction ( €.1%)
U No background fromiff © “ 0 0 —adurther validation directly from data

U Little background from non—aprocesses: estimated directly fromaenass sideband region:

No peaking background

5

. Non—abackground fraction: 1.8% for— © “ “ — 6.8for— O *
160_IlIIIIlllllIIllllllllllllllllllllllIIll :IIIIIIIIIIII""IIIIIIlllllllllllllllllll
3 ¢+ Data U ¢ Data '— J'E+J'IJ-
@1 40 :—— Fit result L T 1 63250 :__ Fit result 4 I n Y
S 120 :_ """ Signal S C U Signal | \
8 [ =eeee Background @ 8 200 MCEEEE Background | @
=100F- = f t
o C C
S 80 s "% .
Z 60 2100F '
c C c N
o 40 © r
L N [
205 i 50f
$95"0.93 0.94 0.95 0.96 0.97 0.95 0.99 1 Dy X R
M(mtem)/GeV/c M{yr'n) GeV/c?

Spin-Parity determination benefits from low background level
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Mass spectra after final selection

-
o

-
£ -

MKgKg (GeV/c?)

|||||||||||||||||||||||

N

-
(=]

uuuuuuuuuuuuuuuuuuuuuuuu

80 PRL132(2024 181901

u Similar structures i- © “ *
modes

—and— O ¢

EvidentQw imu 0 mass threshold

Q W Y T} 10 A clear connection between th€® w | Tand ¢ 0 X T
z'"é'é"z' 2628 3 'é'zfz'zfi;fézfé‘s' 0
Moo, AGEV/C?) Moo, AGEV/C?)
] 1205_'('0')”"'] {""ﬁ.;;1;+;c:"_: _SF N e 0 "Q @ Y rin selection withd ., P GeVif
5100} ) |“|IIH| e 18% ’ MM - Clear signal of théd ¢ o X and-
5 o0 | ﬂ[l l}] M=o 330 u ”’ H ’H B“"""’" Reduce PWA complexities from additional intermediat
% so: l ][ ||| l|] . %20 “M w Hu } H : processes
E’ ns iH}th* E’m ’H|
i 20f | S i _
0-2722 2.4 26 28 3 °- 253 24 2628 3
Moo, GEV/C? Moo, GEV/C?
Y RHERBRER ML
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Partial wave analysis (PWA) &
U PWA is a key tool teadron spectroscopy @ I @
Input: four-momenta of the finalstate particles @

5

Measure the resonancéspin-parity , resonance parameters, production and decay propertigs,

U PWAofiff © 0 0 —as performed usingovariant tensor formalism M, The signal
amplitudes are parametrized as quaseqguential two-body decays:

GIF O [ O ok hd© H H or o (I)“—'_”Fﬂ)o “—'_"L&

V 0 and—eeonstructed with daughter particles as they are unstable states

5

Differential cross section is observable(,h ) — |B 0 |

U An unbinned maximum likelihood fit is performed on the data.
[1] Zou & Bugg, Eur. Phys. J16,5373547(2003
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PWA Fit

180
% 160
> 140
9120
S 100
80
60
40

Events /0

20F ]

- (a)

2

22 24 26 28 3

T
¥2n,, =82.68/69
t Data ]

—— MC projection _:
[ Background ]
----- Non-resonant E
..... X(2370) .
X(1835)
X(2800) m

MKgKgn' (GeV/c?)

U Best fit can well describe the data including resonance$\>0 n
OPYo,bdGOX DG YR

5

larger than9.8y Ok J kUL mssugbtiarirs J

5

high mass resonances

Spin-parity of thew ¢ o x i determined to bat  with significance

® ¢ P 1.7 broad structure for the effective contributions from possible

a0ok (d) Ko, = 3169119 state Decay mode | Mass (MeV/c?) | Width (MeV) | Significance
O zzg T - X(2370) fo(980) 23951 188715 14.90
§ 250 } X(1835) fo(980)n 1844 192 22.00
£ 200 } X(2800) fo(980)7 2799+ 660+ 180 16.40
e f0(980)n’ 2983.9 32.0 > 20.00
PHSP U’(Kg Kg )S —wave - == - == 9.00
U’(KSKS)D—waUe - == - == 16.30
PRL 132(2024 181901
YOHLUD R UR F QCHSE024| Study of XI370 at BESIII 21
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PWA Validations

U Intermediate process: significancexy 9 F< AEH9; L AK A?FGJ =
U and decay modes for each component® p v T-BEQ p ¢ X-=BD (p T put, 0° p T oUr,

V' pTout,0°(podurt, (0 V)=V )00, U
U Additional resonance checks: significancéy
No evidence of théo ¢ p ¢ilmthev 0 mass threshold regionfoolfl © [ 0 U —eenly
The significance ofo ¢ @ TP "Q w Y mas 4.2y
Impact from the®w ¢ p ¢ and® ¢ ¢ TTiE considered as systematic uncertainty
U The® ¢ Y twith a mass oR799MeV and width 0660MeV:

Used to describeeffective contributions from high mass region

Strongly reply on the description of t.lineshape: different variations are included into the
systematic uncertainty

Statistical uncertainties of the = mass and width are included in the systematic
uncertainties on thek ¢ o x measurements

N — ol ﬁ‘% “wh e uz )f'(
mez - t t te J/;”gfmf f‘gy Pfy Besm




Results

[T : oy : :
= measurements: PRL132(2024 181901 LQCD prediction on lightest pseudoscalar glueball:
U v 1t with significance .8y, U v Tl

00 cowu@i odho (i ©Y 6 ABD 0 0 cowwTtT ABD

0o puy( oo ( vBOASG
U O[Ur o1 ¢ oxlté[®dc oXx U AuPr]td Qoun| U 6[Gr 710 ] & p m pm
Oy U pp 8 (i 0o (i wop PRD100(2019 054511

U The measurementsagree with the predictions on lightest pseudoscalar glueball

. The spinparity of the® ¢ o X iEdetermined to bat for the first time
Mass is consistent with LQCD predictions

The estimation o0 [U[ © [ @ ¢ ¢ X]m@and predictionono[(g[ © [ 'O ]are at the same level

L TOASUDRGH T i BGS]]I QCHSC2024 | Study of X(2370) at BESIII 23
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W C O X Seen IN UZIT O rU U —  Joumal Phys. Rev. Lett. 115(2015) 091803

U Inthe2D scatter plotoh 0 U vs.0 v U —, qualitatively , we can clearly
observe same decay patterns between the¢ ¢ x and— if phase space allows

Observation and Spin-Parity Determination of the X (1835) in J/y — yK3K)n 24 _ (C) |
221
With1.31BJ/ y event s S 20
O 1.8
A Inthe upperd 0 0 mass band ofl.51.7GeV range, %1.&?
clear signals of botlw ¢ o x and— . E":“m‘_
©n J € ”n 1.2} N 7
A Inthelowerd 0 0 mass band ofQ w Y TNOK ¢ T X, T 105 Voo
nor — . "71.6 1.8 2.0 2.2'@'2.6”2.5
Moy, (GeV/c?)

U The similarity between theéo ¢ o X and— decay modes supports the glueball
interpretation of thed ¢ o X T

YRHEURD RGO UR f BGS]]I QCHSC2024 | Study of X(2370) at BESIII
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" [1] " QAw Wre 0 0

Observation of new decay modes ofw ¢ 0 X TT  @owwe: -

Summary of decay modes @b ¢ 0 X Tt

U New decay modes Decay mode Significance Ref
. T T resne] IR o8 , RPL 106 (2011) 072002
3 J/g - yKIKn® 31| fimt 2y(980) |~
ER NG Gade i | 00 - seen PRL 115 (2015) 091803
T : 00 —ee & |, EPJC 80, 746 (2020)
et ey Al Aowr B p&, PRL 132 (2024) 181901
) L L " l v,
P e G ICHEP2024
| 8 - BESIII Preliminary
signs X(2370) >> 50 E : @ (w Pt [ 1 v,
- e | I e E “M(G“me) 2 [ %o No evidence arxiv:2401.00918
* X(2370) - KK, *nn’n’, ad(980)n° firstly observed, all accompanied with n, — No evidence PRD 103 (2021) 1, 012008

U & ¢ o X hms been observed in above typical © o0 decay modes. (Goosimilarities with— )

U Upperlimitsofdo ¢ o x &t %ando w ¢ o x ¢t — aeare well consistent with the predictions of
m  glueball.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.072002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.091803
https://link.springer.com/article/10.1140/epjc/s10052-020-8078-4
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.181901
https://indico.cern.ch/event/1291157/contributions/5898135/attachments/2900283/5087134/BJLiu_ICHEP2024_final.pdf
https://arxiv.org/abs/2401.00918
https://doi.org/10.1103/PhysRevD.103.012009

Summary

U Glueballs are important predictions from QCD:

Unigue particles formed by gluons (force carriers) due to setéractions of gluons

5

U The® ¢ o ximobservedinthegluod A; @ ( @' J9<A9LAN= <=;

. U determined to bert

Measurements and predictions on mass and production rate are consistent within uncertainties
flavor symmetric decay modes meet expectation

XXThe®d ¢ o x ima glueballike particle

U Looking forward to further experimental + theoretical efforts, which are essential to
Improve our understanding of this particle.
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Beijing Electron Positron Collider (BEPCII)

World unlque Q Q accelerator in charm phyS|cs energy region //

,-’/ Energy spread: 5.16 X 10
No. of bunches: 93

2004 started BEPCII/BESIII constructic
Double rings

(@ c8r T (TBK A A ;P' %A 6
Designluminosity: p p T @& i
(reached 2016@0 o X A6
2008: test run

2009 today: BESIII physics runs
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Totally about50fb-tintegrated luminosity. Data sets

BESII| detector collected so far include:

10x10°J/* events
2.7x10°1 PB) events
20fb1 @770

RPC: 9 RPC:
Electro Magnetic
Iayers Calorimgter ayers
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Solenoid
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ToF
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Multilayer Drift Camber (MDC)
, A 0.5% @1GeV (T)
, X POTt‘ &
Q '@Q ¥ b

Time Of Flight (TOF)

, oun i(barrel)
, ¢@ Tt éndcap)

Electromagnetic Calorimeter (E
, O 2.5% @1 GeV(barrel)
, 10 uvb @1 GeV(endcap)

, X @0 ad@1GeV

et > i = =====! F=a

Nucl Instr. Meth. A614, 345 (2010)
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Glueball Decays

U The decay modes of glueballs may resemble those of the Charmonium family decays
as both can only decay via gluons.

nta~K+K~ [ For a glueball, say, a JP¢ = 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 x.z decay. The difference between the o+ glueball and y.s 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 o2

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

it is worth noticing that there are not any other parti-

| ally to all fi . Si th has b
pre cqually to all Havors. gInce ere _nas been no cles showing such properties [12] as £ except for the

glueball confirmed by experiments, the best way look-

. articles with pure OZI suppressed decay modes such
ing into the flavor symmetry should be to study the ey, n
mm w The flavor-symmetric coup mg_s
m The knowledge [12] about the hadronic decays of
ments have already studied such processes as the de- JM, Nes X0 and X2 which Broceed through pure
cays of charmonium famjlx. One example is, the two gluon intermediate state suggests that the glueballs

From Tao Huang, Kuang-Ta Chao et al. PLB380(1996 189192
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Lattice QCD predictions for glueball masses and BR:

U 11 ground state:1.5-1.7GeV/& o[yl ©7T0 | (o&® T1®8) p TT.
U ¢ ground state:2.3-24GeV/E o[y ©TO0 | (p®» 1) p 1.
U 11 ground state:2.3-2.6GeV/é; o[y ©T70 | (cop M) p 1.

TABLE L. Branching ratios for the decay of the pseudoscalar
glueball G into three pseudoscalar mesons.

Case (1): Case (11):
Quantity Mg = 2.6 GeV Mg = 2.37 GeV
oo kin/TS 0.049 0.043
Cogxn /T 0.019 0.011
FG_,W,?/F“" 0.016 0.013
L /TS 0.0017 0.00082
| P /Ftot 0.00013 0
F(,_,KK,?,/Ftot 0.47 0.47
Lo/ T 0.16 0.17
Fz " T 0,005 0,090 PhysRevD.87.054036
—n' T . .
= RAAEUBEEIE M
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12 | i 5 II''''I""I""I""I_""I_II
0"' ] ——@—— Measured X(2370) mass with total uncertainty
- . BESH Theory Prediction of lightest 0™ glueball
10 | 2 _2_ 4 Jysymtny’ 6.45, PhysRevLett.106.072002
- — -~
3™ 3 Jy—yKKy' 8.3, Eur. Phys. J. C 80,8,746
8 ' . .-
® O — 3 3 Jy—YKIKEN' (select f (980)) 11.70, PhysRevLett.132.181901
= P S
L6 o Ec
2
4 O w—
2 [ 1 %X iotels
P . I T T T T T T T T T M NN TN NN TN N N A Lt T BT
PRD 73 (2006) 014516 2300 2400 2500 2600 2700 2800
0 . v 4 0 My 2370y (MeV/c?)
3 o 3
X
x ¢ X [} IE
_ ' E{I $x 3
> 2° | 12 MIT bag model
O, ¢ : x x constituent gluon model
? | AdS/QCD model
= 17 | 11« Lattice QCD
| « QCD sum rules
1w ¢ O X abserved « others
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.014516

Pseudoscalar glueball candidate
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61440, splitinto— p T mand— p 1 X, @irst discovered by MARK Il in
198@s. Lots of studies at MARK 1l, MARK |IR & BES.

Believed as the first glueball candidate due to its large production rat®
A radiative decays and lack of reliable LQCD prediction4 98Gs

No longer to be believed ag glueball candidate due to its large differe
mass from LQCD prediction.
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]/lp — W(I)r a S§ ﬂaVOI' fl|tel' _ .arXiv: 2401.00918

] LA : . 3 | ] ___'1405}
I e b) Amplitude analysis with = [ 1 :1420}

© - ] . ! f
S S0P E advanced techniques for © ool 1 —-tas10) [
S 200f- X(1835)6.30 background subtraction 5 1 1 1525
g ol : EEeeeee— ¢ | ] X,
= Cfied L | 1 --1:(1950)
Y. <A e e T 0l £,(2010)
1.2 1.4 16 1.8 2 . 5 - f,(2200)

M(yo) (GeVic?) <Fit to mass spectrum = EE q.,"M 3-: ‘*'*’*Wﬁo"-.’“‘ ,-...1 )

5 C

1 1.2 14 16 1.8 2 22

From the amplitude analysis, M(y,,0) (GeV/c?)
« 1(1405) is observed, while n(1475) can not be excluded

« X(1835) — y¢ suggests its assignment of ' excitation

* 1. — v are observed. The very first radiative decay mode of 7,

« Observation of £,(1950) and f,(2200) —» y¢ unfavored their glueball interpretations(prp 108, 014023,
arXiv: 2404.01564]

« No evidence of X(2370)/n,(1855), well consistent with the predictions for glueball/hybrid [prD 107,
114020, NPA 1037, 122683]
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Confirmation of the w ¢ o x mufl © | w—ee

U uff © | w—aehannel was analyzed witht=31BUff events
Eur ths J. C 80, 746 (2020)
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https://link.springer.com/article/10.1140/epjc/s10052-020-8078-4
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.091803
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