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1. Glueballs: Masses

The self-interaction between gluons
leads to the prediction of glueballs1
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ted in the 1700 to 2000 MeV
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2. Coupled channel analysis
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The Crystal Barrel data

π0π0π0 π0π0η π0ηη K +K−π0

· · · and 11 further Dalitz plots.



The CERN-Munich data on ππ → ππ elastic scattering

The CERN-Munich data have different PWA solutions. The ambiguity is
resolved by the GAMS data on π−p → π0π0n (at 200 GeV/c pion
momenta).

Low-mass ππ interactions from K± → ππe±ν decay (NA48/2)



GAMS and BNL data on pion-induced reactions

GAMS: D. Alde et al., “Study of the π0π0 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 2 GeV,” Phys. Lett. B 274, 492 (1992).



3. Results and interpretation

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

Name f0(500) f0(1370) f0(1710) f0(2020) f0(2200)

M 410±20 1370±40 1700±18 1925±25 2200±25
400→550 1200→1500 1704±12 1992±16 2187±14

Γ 480±30 390±40 255±25 320±35 150±30
400→700 100→500 123±18 442±60 ∼ 200

Name f0(980) f0(1500) f0(1770) f0(2100) f0(2330)

M 1014±8 1483±15 1765±15 2075±20 2340±20
990±20 1506± 6 2086+20

−24 ∼2330

Γ 71±10 116±12 180±20 260±25 165±25
10→100 112±9 284+60

−32 250±20



The f0(1370)− f0(1500) mixing angle

Phase difference between ππ and KK̄
decay mode is 180◦: nn̄ − ss̄ and nn̄ + ss̄ !

f0(1370) and f0(1500) are SU(3) singlet and SU(3) octet-like
and not nn̄ and ss̄ !



(M2, n) trajectories of scalar mesons

δM2 = M2
η′ − M2

η ↓

↑

Slope: 1.08/GeV2

· · · and where is the scalar glueball ?



Evidence for strong glue-glue interactions

Pion form factor
B̄0

s → J/ψππ
ss̄ → ππ

Radiative J/ψ decay
J/ψ → γππ
gg → ππ

Kaon form factor
B̄0

s → J/ψKK̄
ss̄ → KK̄

Radiative J/ψ decay
J/ψ → γKK̄
gg → KK̄

S. Ropertz, C. Hanhart and B. Kubis, “A new parametrization for the scalar pion form factors,” Eur. Phys. J. C 78, no.12,

1000 (2018).



The fragmented glueball
Yields in radiative J/ψ decays (in units of 10−5)

BRJ/ψ→γf0→ γππ γKK̄ γηη γηη′ γωφ missing total
γ4π γωω

f0(500) 105±20 5±5 4±3 ∼0 ∼0 ∼0 114±21

f0(980) 1.3±0.2 0.8±0.3 ∼0 ∼0 ∼0 ∼0 2.1±0.4

f0(1370) 38±10 13±4 3.5±1 0.9±0.3 ∼0 14±5 69±12
42±15 27±9

f0(1500) 9.0±1.7 3±1 1.1±0.4 1.2±0.5 ∼0 33±8 47±9
10.9±2.4 2.9±1.2 1.7+0.6

−1.4 6.4+1.0
−2.2 36±9

f0(1710) 6±2 23±8 12±4 6.5±2.5 1±1 7±3 56±10

f0(1770) 24±8 60±20 7±1 2.5±1.1 22±4 65±15 181±26
f0(1750) 38±5 99+10

−6 24+12
−7 25±6 97±18 31±10

f0(2020) 42±10 55±25 10±10 (38±13) 145±32

f0(2100) 20±8 32±20 18±15 (38±13) 108±25

f0(2200) 5±2 5±5 0.7±0.4 (38±13) 49±17
f0(2100)/f0(2200) 62±10 109+ 8

−19 11.0+6.5
−3.0 115±41

f0(2330) 4±2 2.5±0.5 1.5±0.4 8±3
20±3



J/ψ → γf 1
0

J/ψ → γf 8
0

Mglueball = (1865± 25)MeV, Γglueball = (370± 50
+30
−20)MeV

YJ/ψ→γG0
= (5.8± 1.0) · 10−3



The wave function of scalar mesons

f0(1500) = α
1
√

6
(uū + dd̄ − 2ss̄)

+ β
1
√

6
(uūss̄ + dd̄ss̄ − 2uūdd̄)

+ γ · (meson−meson cloud)

+ δ(gg)

+ ε(qq̄g)

+ · · · and some singlet contribution

+ {α′
1
√

3
(uū + dd̄ + ss̄) + β′

1
√

3
(uūss̄ + dd̄ss̄ + uūdd̄)}

The five Fock states are not realized independently as five mesons !
They are components of the mesonic wave functions.

There is no scalar glueball that intrudes the spectrum of scalar mesons



4. Summary

I The BESIII collaboration reported data on radiative J/ψ decays with
unprecedented statistics

I The data revelal high intensities in the yield of scalar mesons
I The data can be fit with ten scalar isoscalar resonances.
I The scalar resonances can be grouped into a class of mainly-singlet

and mainly-octet states
I The two groups fall onto linear (n,M2)-trajectories
I Octet scalar isoscalar resonances are produced mainly in the 1700 -

2100 MeV mass range
I Singlet scalar resonances are produced over the full mass range.

Their intenisty peaks in the 1700 - 2100 MeV mass range
I The enhanced production of scalar mesons in the 1700 - 2100 MeV

mass range is due to gluon-gluon in the initial state
I The peak is the scalar glueball of lowest mass.

Thank you for your patience!


