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Discovery of a Glueball-like Particle

ERHRES X(2370)
EHATIBRSR
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3N, 20254£9819H

BESIII: PRL 132 (2024) 181901
Yanping Huang, Shan Jin, Peng Zhang, 2503.1328
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X(2370)
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Compared with LQCD Prediction on Lightest 0-* Glueball

2 22 24 26 28 3

X(2370) measurements: PRL 132 (2024) 181901 LQCD prediction on lightest pseudoscalar glueball:

Jee= 0" with significance >9.8¢
M = 2395 +11'%5.g4 MeV

o= 0 PRD 100 (2019) 054511

M = 2395 +14 MeV

T = 188*187"124 55 MeV

B(I/y—7X(2370))B(X(2370)—1(980) 1 * )B(fo(980)—K’:K’) § _ -
Z(31 0,222 4 ) X10% B(Jy—yGos) = (2.31 £ 0.80) X10

+ The measurements are in a agreement with the predictions on lightest pseudoscalar glueball
+ 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—y X(2370)) and prediction on B(J/w-yGo-+) are consistent within errors
(assuming  B(X(2370)~o(980)") ~5% decay rate, B(J/y—y X(2370)) = (10.7+2287)x10%)

BESIII: PRL 132 (2024) 181901; vk /& EZE/MRE/H—#, PRD 100 (2019) 5, 054511.
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Historical Glueball Candidates

N LT .
EXFRAER * 0** scalar glueball candidates
AL ARRR
= * £,(1500)
HHR B, « Discovered by Crystal Barrel in 1990’s as a unique
0*+* candidate since f;(1710) was f, at that time. BESIII:
RS « Difficulty: compared with f;(1710), much lower ~ -3
e production rate than f“(l7100) disfavors its B(]/l/) - yf0(1500)) 0.29 X 10
interpretation as a scalar glueball. B (]/1,[} - vfo(171 0)) ~2.2x1073
« Mixing between f0(1500)/f0(1710), or even with
f0(1790)? 0++ R IR A«
« Difficulty: dynamic mixing mechanism needs to be N
understood from the first principle of QCD (not just EJ/PSIEQ‘T%§ el
phenomenological understanding). 1.SGeV-1.SGeVIZﬁ
KEHI0++

HEXRIEmITE . Jintao Zou et al, Sci.China Phys.Mech.Astron. 67 (2024) 11, 111012.

fy(1370)/f5(1500)/fy(1710) /... DINE—DEFRSRIR 2
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Historical Glueball Candidates

EERAHR * 2*++ Tensor Glueball Candidates 2500
ERSBIHMR * 22230

+ First observed by MarkIll is ] /iy > yKK in 1980’s, then by BESI in 2000
P 1990°s in ]/\y -> KK, yrm, yppbar with very narrow mass peak.
RSB « Itwasa tensor glueball candidate due to good flavor symmetric
decay property.
+ Difficulty: it was not confirmed by BESII, nor BESIIL.
. £,(2340) w0

+ Many wide f, mesons in the mass region of 2.3 GeV from the LQCD °
predictions .
Difficulty: no clear mass peak of these f, mesons can be directly Mie) (Gevic’)
observed in J/\y radiative decays due to large overlaps among
various wide resonances. They can only be seen as PWA Resonance M (MeV/c) T (MeV/)
components.
£,(2340): its large production rate in |/y radiative decays favors its 7(2100) 2050
interpretation as a tensor glueball candidate. Xos) 240
More PWA studies are needed to check the consistency among o
various decays modes, However, due to large overlaps again, no o
independent mass and width scan can be performed in PWA, i.c., L2 L -
the masses and widths of these f, mesons have to be fixed to e 309 (o1 soien e
previous measurements, . 2 i

2++RIRF R EEWAE: )/ psifBST T2 H12.0-2.4GeV R & [ 2++

£(2340)/... PNB—TEKEMIR ?

1500

Entries/ 20 MeV/c?

B.E (x10%)
(2.40£0.1072

we2s) 26t
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->We are facing a situation: Either we finally identify X(2370) as 0-+ glueball,
or LQCD may face a big challenge in the glueball predictions

—— similar to the situation before the Higgs boson discovery

B, X(2370) VR EY. ...
HR, BINEE2H —TZER
s AEBSEFHFRSRIRFIKEMIRBIASE (W FR)
s DAY RO CUR—YEHIE, IRBIXNTF
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243 x 128 anisotropic lattice, m; ~ 390MeV

Left: w/o glueball operator Right: w/ glueball operator
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m Window method points to a mismatch between lattice &
data-driven approach, especially in the intermediate
window t € [0.4, 1.0]fm.

m lattice data supports the new CMD-3 data for
ete” — ntn~ data

5" Likely no new physics seen here!
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EAFREE CLQCD ensembles Current status
feHT RS .

No. of No. of
physical point fermion

spacial size
ensembles | SP2%IS28 | gicretization

MILC | US [0.03fm| 5 |58fm| 1

Country/Regio | Smallest lattice

* The first
ensemble set
from China which
can control most

RBC | Us [0.06fm| 3 |55fm 1 an control mos
BMW | EN [005fm| 15 |10fm | 2 o oate
CLs | EN [004fm| 2 |55fm| 1 . Uni
I I | I | nique
ETM | EN ]0.05fm| 5 | 6.3fm| 1 advantage on
PACS | JP [006fm| 3 |10im 1 finite volume
[cLaCD| CN [0.04fm| 3 |6.7fm| 2 | studies.

n AR EFH—IRIRS
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12 Bagar + com 4+ wam Unitarity ¢ 097349 £0.00016  Phys. Rev. D 110, 030001 (2024)
EXARES BESil HMT 4 ROM
P0G + HQEFT & sl
11 HPQCD + CLFoM 4 LCSR HFLAV * 0.9701 * 0.0081 arXivi2411.18639
fe PR + e 4 G
1.0
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& . " BESII ' 09623200046 Phys. Rev. D 110, 112006 (2024)
b g <
RS 08
£ + HPQCD. e 1017 x0.06¢ Phys. Rev. D 90, 074506 (2014)
A
07
This work  fef 0.945 + 0.027 This work, e channel
06
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155 Y, A. Kumar, FRE4S, X124, See talk by B %
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