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A beautiful equation that cannot be solved
with an extremely rich phenomenology

Fritzsch and Gell-Mann (1972):

“... so that meson states would appear that act as if they
were made of gluons rather than qq pairs".

Franz Gross and Eberhard Klempt (eds.), 50 Years Of Quantum Chromodynamics, EPJC (2023).



2. Properties of Glueballs
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Analogous to photon

3-gluon vertex

exchange of QED

The self-interaction between gluons
leads to the prediction of glueballs’
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Glueballs: undetermined

BRyyore,.(TH) =  (38+09) 1073
~ 3 103
BRy/ye,. (TH) = (11 + 2) 10-3
BRy/ysvo, . (TH) = (0.231+0.080) -10-3 M=2395MeV

(0.107 £0.037) -10-% M=2560 MeV
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2.2 How to search for glueballs

NN annihilation
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Central production
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Radiative J/v decays
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2.3 NN annihilation (Crystal Barrel at LEAR)
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Three new scalar mesons: f(1370), f,(1500), ao(1475) !




2.4 Central production (WA102 experiment at SPS)
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supernumerous!

C. Amsler and F. E. Close, “Evidence for a scalar glueball,” Phys. Lett. B 353, 385-390 (1995).
C. Amsler and F. E. Close, “Is f,(1500) a scalar glueball?,” Phys. Rev. D 53, 295-311 (1996).
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2.5 Radiative J/+ decays into %79, KsKs, nn, and w¢
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M. Ablikim et al. [BESIII Collaboration], “Amplitude analysis of the 70n0 system produced in radiative J /1 decays,”
Phys. Rev. D 92 no.5, 052003 (2015).

M. Ablikim et al. [BESIII Collaboration], “Amplitude analysis of the KgKg system produced in radiative J/+ decays,”
Phys. Rev. D 98 no.7, 072003 (2018).

M. Ablikim et al. [BESIII Collaboration], “Partial wave analysis of J /¢ — vmm,”

Phys. Rev. D 87, no. 9, 092009 (2013).

M. Ablikim et al. [[BESIII Collaboration], “Study of the near-threshold w ¢ mass enhancement in doubly OZI-suppressed’
J/1¢ — ~vywde decays,’ Phys. Rev. D 87 no.3, 032008 (2013).



3. Coupled channel analysis

A. V. Sarantsev, |. Denisenko, U. Thoma and E. Klempt,
“Scalar isoscalar mesons and the scalar glueball from radiative J /1 decays,”

Phys. Lett. B 816, 136227 (2021).

J/y — ~m0n0 KsKs nn’ ywao BESIII

X2/N: N 1.28; 167 121,121 0.8; 21 0.2;17

pp — 3x0 mOrtn— 2709 wonn CB (lig. Hy)

X2/N, N 1.40; 7110 1.24,1334 1.23; 3475 1.28; 3595

pp — 370 2709 wonn CB (gas. Hy)

X2/N, N 1.38; 4891 1.24; 3631 1.32; 1182

pp — KK K*K—7n° KsK*n¥ K, K*x¥ CB (lig. H)

X2/N, N 1.08; 394 0.97; 521 2.13; 771 0.76; 737

pn — 7ata—n~  w%7%~ KsK—w® KsKsm—  CB (lig. Do)

X2/N, N 1.39; 823 157,825 1.33; 378 1.62; 396

ntn= — wta~ 070 nn nn’ KtK—

x2/N, N 1.32; 845 0.89; 110 0.67; 15 0.23;9 1.06;35
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and much improved detector!
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Partial waves from J/¢» — 7%= in slices of the 27° mass
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M. Ablikim et al. [BESIII], and A.P. Szczepaniak, P. Guo,
“Amplitude analysis of the 0r0 system produced in radiative J /) decays,” Phys. Rev. D 92, no.5, 052003 (2015).
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The tensor waves from J/¢» — 7%= in slices of the 27° mass
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The tensor waves from J/¢ — K2K? in slices of the K?K? mass
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3.2 15 Dalitz plots from Crystal Barrel (partly shown above)
3.3 The CERN-Munich data on 77w — 7 elastic scattering
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The CERN-Munich data have different PWA solutions. The ambiguity is
resolved by the GAMS data on 7~ p — 7°%x°n (at 200 GeV/c pion
momenta).




3.4 GAMS and BNL data on pion-induced reactions
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GAMS: D. Alde et al., “Study of the 70n0 system with the GAMS-4000 spectrometer at 100 GeV/c,”
Eur. Phys. J. A 3, 361 (1998).
BNL: S. J. Lindenbaum and R. S. Longacre, “Coupled channel analysis of JPC = 0t and 2t isoscalar mesons
with masses below 2 GeV,” Phys. Lett. B 274, 492 (1992).



4. Results and interpretation
4.1 Contributing resonances

Pole masses and widths (in MeV) of scalar mesons. The RPP values are
listed as small numbers for comparison.

Name 1£(500) 1£(1370) £(1710) 1£(2020) £,(2200)
M  410+20 1370440 1700+18 1925425 2200425

400—-550 1200— 1500 1704412 1992+16 2187114

r 480+30 390+40  255+25 320+35 150+30

400—-700 100—-500 123418 442160 ~ 200

Name £(980) £(1500) f(1770) £(2100) f£(2330)
M 101448 1483+15 176515 207520 234020

990420 1506 1 6 208672 ~2330

r 71+£10 11612 180+20 260+25 165425

10—100 11249 284160, 250420




Yields in radiative J/v decays (in units of 10—°)

BRy/p—~iy— T ~YKK ynm ynm' Ywo missing total
Y4 Yyww
fo(500) 105+20 545 443 ~0 ~0 ~0 114421
5(980) 1.34+0.2 0.84+0.3 ~0 ~0 ~0 ~0 2.14+0.4
o (1370) 38+10 1314 3.5+1 0.91+0.3 ~0 1445 69112
42415 2749
fo(1500) 9.0+1.7 341 1.1+04 1.240.5 ~0 3318 4719
109424 2.941.2 17406, 64tll 36+9
fo(1710) 612 2318 12+4 6.5+2.5 141 7+3 561+10
fo(1770) 2418 60120 741 25+1.1 2244 65+15 181126
fo(1750) 3845 99119 24+12 25+6 97418 31410
f5(2020) 421410 55425 1010 (38£13) 145432
fy(2100) 2048 32420 18415 (3813) 108125
5(2200) 542 545 0.7+0.4 (38£13) 49+17
f(2100) /5 (2200) 6210 100+ 8, 10765 115441
f5(2330) 412 25405 1.51+04 843

2043




4.2 Scalar mixing angles

From f,(500) and f,(980) decays: f;(980) is approx. a SU(3) octet state!
(The molecular KK interpretation could be a peripheral phenomenon).
TJ.A Oller, “The Mixing angle of the lightest scalar nonet,” Nucl. Phys. A 727, 353-369 (2003).
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Phase difference between 77 and KK
decay mode is 180°: nn — ssand nn + ss!

fo(1370) and f5(1500) are SU(3) singlet and SU(3) octet-like

and not nn and ss !
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(M?, n) trajectories of scalar mesons
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1 M. Ablikim et al. [BESIII], “Partial wave analysis of J/+» — ~n’n’,” Phys. Rev. D 105, no.7, 072002 (2022).



4.3 The scalar glueball
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The decays of the scalar glueball
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Compare:
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4.4. The hidden tensor glueball
30000

TTD—wave IE112

20000

10000F M = (2185 + 50) MeV
[ = (3907%) MeV .

20000 KKD— wave

15000

10000
Y = (0.33£0.08) - 107
S000F . o —(0.2240.05
TKEK/mr ' -9
0o 0.5 T

Too low in mass: Limited phase space?  Use v(2S) radiative decays

Yield too low: Unseen decays? Analyse J/i¢ — ~4m, K*K
Decay modes: nn  Sum of many f; and f;? Higher statistics



30F x1 03 TTTTD—wave

005 20 25 30

Again, high-mass tensor mesons are produced in radiative J/v
decays in not in B decays. The yield is, however, much too low.
Add yield of all tensor mesons above 1.9 GeV:
£(1910), ,(1950), £>(2010), £(2300), f,(2340):

YTensor mesons 1.9-2.4Gev = (30 + 06) -1073



4.5 How to find the pseudoscalar glueball:
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5. Summary

» The scalar glueball has been identified in BESIII data on radiative
J/v decays. It is spread over several resonances.
1. High-mass scalar mesons are produced via due to their gluonic component.

2. They are absent in hadronic reactions.
3. The decay analysis reveals an inert (glueball) component.

> The tensor glueball likely hides itself in a large number of 3P, and
%F, nn and ss states produced in radiative J/v decays.

» The pseudoscalar glueball should be searched for by a decay
analysis of pseudoscalar mesons above 1.6 GeV. It is expected to be
spread over several resonances.

What is this for?



“ Physics Is Like Sex:
Sure, It May Give
Some Practical
Results, but
That's Not Why
We Do It.”

Richard Feynman



