
1

Glueballs

Eberhard Klempt

Helmholtz-Institut für Strahlen- und Kernphysik  
Bonn, 2023, April 25



2

The Path to QCD and Glueballs

Properties of Glueballs
Mass, width, yield
How to search for glueballs
Radiative J/y decays (MARKIII, DM2) 
NN annihilation (Crystal Barrel at LEAR)
Central production (WA102 experiment at the SPS)

New Data from BESIII

Partial waves from J/y        gp0 p0 in slices of the p0 p0 mass
The scalar waves from J/y        gp0 p0 in slices of the p0 p0 and KK mass
The tensor waves from J/y        gp0 p0 in slices of the p0 p0 and KK mass

Coupled Channel Analysis

Radiative J/y decays into p0 p0, KsKs,  hh, and wf

GAMS and BNL data
The CERN-Munich data on pp       pp elastic scattering
15 Dalitz plots from Crystal Barrel

Results and Interpretation
Contributing resonances
The f0(1370) and f0(1500) mixing angle
The scalar glueball from production in radiative J/y decays
The scalar glueball from a decay analysis
Comparison with LHCb data

Summary 
(The hidden tensor glueball)

-



3

The Path to QCD and Glueballs



4



5



6



7



8



9

The virtue is that then there are no basic constituents for hadrons - hadrons

act as if they were made up of quarks but no quarks exist - and, therefore,

there is no reason for a distinction between the quark and bootstrap picture:

they can be just two different descriptions of the same system.
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The November Revolution in Particle Physics

.~J.~Aubert et al. [E598],
``Experimental Observation of a Heavy Particle J,''
Phys. Rev. Lett. 33, 1404-1406 (1974).

J.~E.~Augustin [SLAC-SP-017]
``Discovery of a Narrow Resonancein e+ e-
Annihilation,''Phys. Rev. Lett. 1406-1408 (1974).

The discovery 
of the J/y

Definite verification of the quark model
Discovery of the fourth quark (GIM)
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``Advantages of 
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365 (1973).

D.J.Gross and 
F.Wilczek,``Asymp
totically Free 
Gauge Theories,'' 
Phys. Rev. D 3633 
(1973).

H.D.Politzer,
``Reliable 
Perturbative 
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Interactions?,''
Phys. Rev. Lett. 
1346 (1973).
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R.~Brandelik et al. [TASSO],
``Evidence for Planar Events in  e+ 
e- Annihilation at High-Energies,''
Phys. Lett. B 86, 243-249 (1979).

Fritzsch and Gell-Mann (1972): 
`` … so that meson states would appear that act as if 
they were made of gluons rather than qq pairs".-



15

Properties of Glueballs



16

Properties of Glueballs

Mass, width and yield
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How to search for Glueballs

Radiative J/y decays

Central Production 

NN  Annihilation
---

-
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Radiative J/y decays

Properties of Glueballs

Three resonances at 1500, 
1750, and 2100 MeV, first 
JPC=0-+, D.V. Bugg: JPC=0++
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Properties of Glueballs

pp Annihilation (Crystal Barrel at LEAR

Three new scalar mesons: f0(1370), f0(1500), a0(1475)

-
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Central production (WA102 experiment, SPS)

Properties of Glueballs

pp                                    hh                              hh

rr                                 ss                               4p0



22

New Data from BESIII



23

New Data from BESIII

J/y g p0 p0

BESIII:  1.3 109

J/y events

MarkII:  2 106

J/y events

and a much improved 
detector
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New Data from BESIII

The S-wave
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New Data from BESIII

The pp D-wave
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Coupled Channel Analysis

GAMS and BNL data on pion-induced reactions

GAMS: D. Alde et al., ``Study of the pp 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 = 0++ and 2++ isoscalar mesons with masses below 2GeV‘‘,                               
Phys. Lett. B \textbf{274}, 492 (1992).
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Coupled Channel Analysis

CERN Munich data on pp     pp elastic scattering

The CERN-Munich data have different PWA solutions. The ambiguity is 
resolved by the GAMS data on  p- p    po po n (at 200 GeV/c pion momenta).

plus 15 Dalitz plots from Crystal Barrel at LEAR
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Coupled Channel Analysis

A. V. Sarantsev, I. Denisenko, U. Thoma and E. Klempt, ``Scalar isoscalar mesons and the scalar glueball from 
radiative J/y decays,‚‘  Phys. Lett. B 816, 136227 (2021).
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Results and Interpretation

Contributing Resonances

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

comparison.
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Results and Interpretation

Yields in radiative J/y decays (in units of 10-5)
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Results and Interpretation

Phase difference between  pp and KK the decay mode 
is 1800: nn-ss  and nn+ss ! f0(1370) and f0(1500) are 
SU(3) singlet and SU(3) octet-like and not nn and ss !

The f0(1370) and f0(1500)
mixing angle from J/y decays

- -
- -

- -
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Results and Interpretation

Interference between pattern in pp and KK
-
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Results and Interpretation

(M2,n) trajectories of scalar mesons

Slope: 1.08/GeV2
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Results and Interpretation

The scalar glueball from production in radiative J/y decays
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Results and Interpretation

The scalar 
glueball 
from a 
decay 
analyis

E. Klempt and A. V. Sarantsev,  ``Singlet-octet-glueball mixing of 
scalar mesons,'' Phys. Lett. B  826, 136906 (2022).
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Results and Interpretation

Comparison of J/y gf0 and Bs J/y f0 (LHCb)
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Results and Interpretation
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Results and Interpretation
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f2(1270)

f2(1525)

f2(2185)

The hidden tensor glueball

Observable:    Expected:                   Experiment:
Mass 2400 MeV                   2185 MeV
Yield 11 10-3                                 0.33 10-3 

Results and Interpretation
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pp (D-wave)

J/y    gpp

B   J/y pp

Results and Interpretation



44

Summary

The scalar glueball has been identified in BESIII data on
radiative J/y decays. It is spread over several resonances.

Scalar mesons can be grouped into mainly-singlet and
mainly-octet mesons.

The production strength of scalar mesons in radiative
J/y decays shows a strong peak at 1865 MeV.

The decay pattern of scalar mesons reveal a small
glueball component. The glueball fractions peak at

1865 MeV.

LHCb data on Bs J/y f0 show no peak structure at
1865 MeV.
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Thank you
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New Data from BESIII

The KK D-wave
-

-
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