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Scalar mesons and the fragmented glueball

1. The scalar glueballs is expected to have a mass in the range 1700 to
2000 MeV (see Matteo Rinaldi).

2. Radiative J/vy decays seem to be prime reaction to search for
glueballs (see Shunangshi Fang and Arkaitz Rodas).

3. The partial wave analysis of a large body of data reveals 10
isoscalar scalar resonances (see Andrey Sarantsev).

4. None of them sticks out as evident scalar glueball.
5. Thus we ask: Where is the scalar glueball ?
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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).
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Results and interpretation

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

Name 1#,(500) 1£(1370) f£(1710) £(2020) £,(2200)
M 410420 1370+40 170018 192525 220025

400—-550 1200—1500 1704412 19921416 2187114

r 480+30 390+40  2554+25 320435 150430

400—-700 100—-500 123118 442160 ~ 200
Name 1£,(980) 1£(1500) £ (1770) £(2100) £ (2330)
M 101448 1483+15 1765+15 20751+20 2340+20

990420 1506 1 6 2086120, ~2330

r 71+10 11612 180+20 260+25 165425

10—100 11249 284160, 250-+20




The £ (500) — f(980) mixing angle
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The f,(1370) — fp(1500) mixing angle
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fo(1370) and f»(1500) are SU(3) singlet and SU(3) octet-like
and not nn and ss !
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SU(3) fit to branching fractions of f,(1500) and f; (1370).

BR, = ¢ (ysus)? pa / MT,

ds Pa(S)

< pa>= T (M2 = 5)2 4 Mer2
threshold
o] ysus(f = ©w) = V3 cos ©°
£(1500) < po > |vsusl? Rexp AS Rzt ¥s = (3 £ 7)° (Octet: 0°)
ﬁ,

T 0.957 0.882
KK 0.710 0.470
nn 0.635 0.089

0.191+0.051 0.230
0.060+0.025 0.038
0.020+0.010 0.031

ny’ 0123 1.350  0.024+0.012 0.060
f(1370) 9 = (114 £ 15)° (Singlet: 90°)
%
xr  0.872 2.878  0.368+0.120 0.284
KK 0579 1.424  0.125+0.042 0.093

nn 0.499 0.377
nn’ 0.160 0.255

0.037+£0.013  0.022
0.007+£0.003 0.005




Interference in 77 and KK
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(M?, n) trajectories of scalar mesons
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Comparison with Bs decays
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Evidence for strong glue-glue interactions
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Yields in radiative J/+ decays (in units of 10—5)

BRy/p—yty— T ~KK ynn ~nn’ ywo missing total
Y4 Yww
fy(500) 105+20 545 443 ~0 ~0 ~0 114421
5(980) 1.3+0.2 0.840.3 ~0 ~0 ~0 ~0 2.14+0.4
fy (1370) 38+10 13+4 3.5+1 0.940.3 ~0 1445 69412
42+15 2749
fo(1500) 9.0+1.7 341 1.1+04 1.240.5 ~0 3318 4749
109424 2.941.2 17106, 64t1l 36£9
f(1710) 612 2318 12+4 6.5+2.5 141 743 56110
fo(1770) 24148 60120 741 25+1.1 2244 65115 181126
fo(1750) 3845 99119 24+12 2546 97418 31410
5(2020) 421410 55125 1010 (38+13) 145432
fy(2100) 2048 32420 18+15 (38£13) 108125
f5(2200) 5142 545 0.7+0.4 (38+13) 49417
f0(2100) /5 (2200) 62:£10 100+ 8, 10765 115441
f5(2330) 412 25405 15104 813

2043




The fragmented glueball
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The wave function of scalar mesons

1 -
(1500) = a—(uu+ dd — 2ss

1 - -
——(uuss + ddss — 2uudd
B \/6( )

v - (meson — meson cloud)

4(99)
€(qq9)

and some singlet contribution

+ 4+ + + + o+

1 - 1 - -
{a'%(uu + dd + s8) + 5’ﬁ(uﬂs§ + ddss + uudd)}

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




Summary

» The BESIII collaboration reported data on radiative J/¢ decays with
unprecedented statistics

> The data revelal high intensities in the yield of scalar mesons
» The data can be fit with ten scalar isoscalar resonances.

» The scalar resonances can be grouped into a class of mainly-singlet
and mainly-octet states

» The two groups fall onto linear (n, M?)-trajectories

» Octet scalar isoscalar resonances are produced mainly in the 1700 -
2100 MeV mass range

> Singlet scalar resonances are produced over the full mass range.
Their intenisty peaks in the 1700 - 2100 MeV mass range

» The enhanced production of scalar mesons in the 1700 - 2100 MeV
mass range is due to gluon-gluon in the initial state

» The peak is the scalar glueball of lowest mass.

Thank you for your patience!



