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1.5 How to search for glueballs in radiative J/1 decays
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Today: Data from BESIII, Glueball
1.3-10° J/v decays
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Energy independent analysis for J/W¥ — ~7%70
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BESIII, A. P. Szczepaniak, P. Guo1 Phys. Rev. D 92 no.5, 052003 (2015)



Energy independent analysis for J/W — vKsKs
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BESIII, Phys. Rev. D 98, no.7, 072003 (2018)



2. 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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pp — 3x0 mOntn— 2709 wonn CB (lig. Hy)
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X2/N: N 1.28; 167 121,121 0.8; 21 0.2;17




N/D-based approach to the description of the scattering
amplitude

The scattering amplitude is found by solving the following equation:
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Here i,m,j = nm, KK, nm, nm’, we, pp, oo and K(s) is an interaction kernel:

97 g5

where f; is nonresonant transition part.



P-vector approach

Ti(s,s) = Z / ds Pi(s, S')p,(s’)A,,(s, s’)

Pj(s, s
e tPis:9)

' (my+my)2
The P-vector of the initial interaction has the form:

Mo gf*
Fi=2 g s+l

Here F; is a nonresonant production term.
The same set of A, production couplings should describe all final states. For example
the same P-vector describes the reactions:

pp — 77070, nna®, KK~

Here the A, and F; parameters can be complex numbers due to rescattering.
The same P-vector should describe the J/W decay:

J/¥ — vy, yKK, ynn, ynn’, ywd

Here one can expect that A, and F; parameters are real numbers.



J/¢p =~ w070 and KsKs nm and wg¢
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The tensor amplitudes in the spin-orbital momentum basis A, (SL):

A2(20) = €}i€)(S)Zun(K)
Ay(02) = ()X (K)o ($)Zpuw (K)
A(12) = () B2 (K)

The correspondence to the helicity basis:

1 - " P,
E, = 5 (302 + V3812 + & (7 + 3705>)
V5 Py
M = V/3ags + @12 — V33 (1 - ))
2 3 ( 02 + @12 20 Vs
27 Py
Ez = 3\/5 (\/_802 — 2313 + 2\/_320 (1 — ﬁ))
At high masses:
ﬂ — 1 Eq >> M. Ei >> E;
Vs 1 23 1 3

if ag0(s) is a dominant partial wave.



The description of the tensor states in the reaction J/W — ~y7rm:
only ground states are strongly produced.
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The description of the tensor states in the reaction J/¥ — vKK:
only ground states are strongly produced.
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The CERN-Munich data on = — = elastic scattering
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The CERN-Munich data have different PWA solutions. The ambiguity is
resolved by the GAMS data on =~ p — #%7%n (at 200 GeV/c pion
momenta).




GAMS and BNL data on pion-induced reactions
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with masses below 2 GeV,” Phys. Lett. B 274, 492 (1992).
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The Crystal Barrel data

0000F

40000)

152
W (#17) (GeV)

70700

W (") (GeV?)

M (K') (GeV?)

1214 1s 04 06 08 1 12 14 16 18
M (") (GeV?) M2 (2°n) (GeV?) WP (K*1°) (GeV?)
70000
.. 4000 [
s00001 3500 [
6000}
50000} 3000 [
s000F-
8 conoof- ] 2500 |-
H £ qonf-
2 2 2000 [
4 300001 D o0of
1500 -
20000 E
200 1000
10000F 1000, 500
ML o L] o Ll 5
L Ve e 2 2 24 26 28 3

M (1) (GeV?

M (nn) (GeV?)

7onn

- .- and further Dalitz plots.




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) f£,(1370) £ (1710) £(2020) £,(2200)
M 41020 137040 1700+18 1925+25 2200425

400—550 1200—1500 1704112 1992+16 2187414

r 480+30 390+40  255+25 320435 150130

400—700 100—500 1231418 442460 ~ 200

Name 1£,(980) f£(1500) £(1770) £(2100) f£,(2330)
M  1014+8 1483+15 1765415 2075120 234020

990420 1506 = 6 208672, ~2330

r 71+10 116112 180+20 260+25 165125

10—+100 11249 284160, 250420




(M?, n) trajectories of scalar mesons
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- and where is the scalar glueball ?



The fragmented glueball

Yields in radiative J/+ decays (in units of 10—5)

BRy/p—~ty— T ~KK ynm ynm' Ywo missing total
Y4 Yyww
fo(500) 105+20 545 443 ~0 ~0 ~0 114421
5(980) 1.3+0.2 0.84+0.3 ~0 ~0 ~0 ~0 2.14+0.4
o (1370) 38+10 13+4 3.5+1 0.940.3 ~0 1445 69112
42+15 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+2.5 141 743 56110
fo(1770) 24148 60120 741 25+1.1 2214 65115 1811426
fo(1750) 3845 99119 24+12 2546 97418 31410
5(2020) 421410 55125 1010 (38£13) 145432
f5(2100) 2048 32420 18415 (38+13) 108125
f5(2200) 5+2 5145 0.7+0.4 (38+13) 49417
f0(2100) /5 (2200) 62:£10 100+ 8, 10765 115441
f5(2330) 412 25405 15104 813

2043
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3.5 Glueball content of scalar mesons

|fo(1770) >= cos ¢4(Ni cos o — SSsin a)vgg + sin Pgy1
|fo(1710) >= cos ¢g4(nNhsin a + SS cos a)vgg + sin gy
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Glueball content from J/ radiative production is (nearly) consistent
with glueball content from the decays of scalar mesons!



3.4 Evidence for strong glue-glue interactions
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1.3 Glueballs:
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0-* 2560+35+120 MeV

5
12 0" —

2 — —

10 %: — 4 Y. Chen et al. “Glueball spectrum and matrix elements
3 — — on anisotropic lattices,” Phys. Rev. D 73, 014516 (2006).
8 - ++
o 2‘+— 1+—_ 3 % 0 1 980 Mev 1 920 MeV
T 6] e < 2++  2420MeV 2371 MeV
=

Mike Peardon] 2 0—*t 2220MeV

4 0" —
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from 1700 to 2000 MeV




Summary

» We have performed the combined analysis of the J/W radiative
decay data together with =7 scattering data and the LEAR data from
the anti-proton nucleon annihilation at rest.

» The P-vector analysis reveals 10 scalar states which fall onto linear
(n, M?)-trajectories

» Only the ground states of the tensor mesons are strongly produced.
There is some indication for the states in the mass region 1800-2100
MeV. The tensor states are produced dominantly with the orbital
momentum L = 0 as well as the scalar states.

» The only relevant explanation for the enhanced production of scalar
mesons in the mass range 1700 - 2100 MeV and a strong
suppression for the production of the tensor states is the mixture of
the scalar states with a scalar glueball.

» The intensity for the production of the scalar states reveal the
lowest scalar glueball.



