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STAR low |-tl data + general features of CEP exps.:

clear evidence of f0(1370) existence from decays into m+m-in pp CEP
continuum may stop before 1100 MeV (“red dragon” split ) at lowl-tl
highy/s lowl—t 1 enhances 0++ depresses 2++ production

status of scalar glueball search

pp CEP evolution

®, /s, 1 —tl dependences

STAR data

open problems after assessment of independent existence of f0(1370)
outlook

references to experimental and theoretical work in arXiv:1804.09121 hep-ph
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TOPICAL REVIEW

11. Summary and conclusions
The status of glueballs
In a summary of our results we try to answer some questions and we provide a minimal mixing
Wolfgang Ochs scenario for the scalar mesons with glueball which takes into account some relevant findings.

Moax-Planck-Institut fur Physik, WernerHeisenberg-lnstitut, Fibringer Ring £, . ) B
[-80805 Munchen, Germany i1 Is there any experimenial evidence for the existence of glueballs?

E-mail: waof mppme.mpg.de We have studied different scenarios for a scalar meson spectroscopy which includes the

Received 9 January 2013 lightest glueball of QCID. None of the schemes considered is without problem. It remains
Published 28 February 2013 unsatisfactory, if the existence of the glueball as a fundamental prediction of QCD, at the end
Online at stacks.iop.org/IPhysG/4 43001 depends on whether such a controversial state like f;(1370) does exist. We have therefore
Ahbstract looked after other criteria as well.

Calculations within QCD (lattice and sum rules) find the lightest clueball There appears (o be one observation which can be considered as a direct hint for the
to be a scalar with mass in the range of about 1000-1700 MeV. Several existence of glueballs. That is the observation of several LEP experiments that the leading

phenomenological investigations are discussed which aim at the identification
of the scalar meson nonets of lowest mass and the super-numerous states if
any. Results on the flavour structure of the light scalars (3000, fR(980) and
fo(1500) are presented; the evidence for fi(1370) is scrutinized. A significant
surplus of leading clusters of neutral charge in gluon jets is found at LEP in
comparison with MCs, possibly a direct signal for glueball production; further
studies with more energetic jets at LHC are suggested. As a powerful tool in the
identification of the scalar nonets or other multiplets, along with signals from
glueballs we propose the exploration of symmetry relations for decay rates of
C = 41 heavy quark states like x, or x;. Results from x, decays are discussed;
they are not in support of a tetra-quark substructure of f; (980). A minimal
scenario for scalar quarkonium-glueball spectroscopy is presented.

system in a gluon jet has an excess of neutral charge, in one measurement by 406%, if compared
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Scalar mesons and glueballs

o, f0(980), f0(1370), f0(1500), fO(1710)

too many candidates for 2 places in scalar mesons nonet
several scenarios envisaged
o +f0(1370) = “red dragon” gluonium ?? continuum ??

o and f0(980) the two isoscalar scalars of O++ nonet
and 2 of the other 3 radial exitations??
o with large gg content ??
f0(980) gbargbarqqg tetraquark state ?? KKbar molecule ?7?

3 of the high mass 0++ from mixing of 0++ gg and 2 qqgbar ??

Essential to assess independent existence of f0(1370) meson and
confirm mass, width and decay BR measured in pbar at rest exps.
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f0(1370) cinderella O++ scalar isoscalar meson of PDG

Claporr . Patsigrani o1 3l [Pavicle Duta Guag], Chin. Pype C 40, 100000 {Z008)
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dependence on the angle ¢ between the scattering planes of the two protons
ABCDHW Collab. at SFM
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Fig. 8: Dependence on the angle ¢ between the scattering planes of the two protons in pp CEP measured
at SFM (from [38])
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Vs and |-tl coverage of several pp CEP exps.
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effect of |-tl cut at same Vs = 29 GeV

WA91
I-tl < 0.15 GeV?2 I-tl > 0.15 GeV2
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effect of |-tl

cut at same \/s =63 GeV
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Fig & = x~ mass plot in pp CEP data at AFS (left plate, from [35]) and at 5FM (right plate, from [37]).
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Imvariant mass of @, p= < 0.1 GeVic, nof

acceptance-corrected, statistical errors
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high I-tl

window data
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STAR low |-t| data
0.003 < I-t1l, I-t21 < 0.03 GeV2
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Abstract

Calculations within QCD (lattice and sum rules) find the lightest zluebal
[0 be a scalar with mass in the range of about 1000-1700 MeV. Severz
phenomenological investigations are discussed which aim at the identificatio
of the scalar meson nonets of lowest mass and the super-numerous states i
any. Results on the Aavour structure of the light scalars (3007, fR(980) an
fo(1500) are presented; the evidence for f(1370) is scrutinized. A significan
surplus of leading clusters of neutral charge in gluon jets is found at LEP i
comparison with MCs, possibly a direct signal for glueball production; furthe
studies with more energetic jets at LHC are suggested. As a powerful tool in the
identification of the scalar nonets or other multiplets, along with signals from
glueballs we propose the exploration of symmetry relations for decay rates of
C = 41 heavy quark states like x, or x;. Results from x, decays are discussed;
they are not in support of a tetra-quark substructure of f; (980). A minimal
scenario for scalar quarkonium-glueball spectroscopy is presented.

(Some figures may appear in colour only in the online journal)

U. Gastaldi
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In a summary of our resulis we try to answer some questions and we provide 2 minimal mixing
scenario for the scalar mesons with glueball which takes into account some relevant findings.

i 1. Is there any experimental evidence for the existence of plueballs?

We have studied different scenarios for a scalar meson spectroscopy which includes the
lightest glueball of QCD. None of the schemes considerad is without problem. [t remains
unsatisfactory, if the exisience of the glueball as a fundamental prediction of QCD, at the end
depends on whether such a controversial state like fRr{1370) does exist. We have therzfore
looked after other criteria as well.

There appears o be one observation which can be considered as a direct hint for the
existence of glueballs. That is the observation of several LEP experiments that the leading
system in a gluon jet has an excess of neutral charge, in one measurement by 40¢%, if compared

58
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Evidences of existence of f0(1370)
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Evidences of existence of f0(1370)
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Evidences of existence of f0(1370)
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total and partial decay widths of
f5(1370) and f,(1500)

The CRYSTAL BARREL Collaboration: 4w-decays of scalar and vector mesons

Table 4. Partial widths I'; (in MeV) of fo(1370) and fo(1500) for decays into two pseudoscalar
particles and into four pions assuming that all decay modes are observed. The error of the
total width is included in the errors for the partial widths. The pseudoscalar branching ratios

to calculate the partial widths are taken from [30-32]

ot oo pp m(1300)7 a1
T nm ! KK

fo(1370) 275+55 120.5+45.2 62.2+28.8 41.6+22.0 14.1 £7.2

21.749.9  0.41+0.27 (7.9 +£2.7) to (21.2 + 7.2)
fo(1500) 130+£30 18.6=£12.5 89+82  355+29.2 8.6 + 6.6
44.1 + 15.3 3412 294 1.0 8.142.8
Too low by
24/05/2018 U. Gastaldi 2018 Elba Workshop on factor >2.5 -
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Crystal Barrel and WA102 data on f0(1370) and f0(1500)

Table 3. Partial widths I'; {in !'-1r:1r'] af fg{1370) and fpf 1500}
[Fr-::m :!-i'l Ii__-u.l:r"[]-ﬂ'."'l:l]:- ¥75 + 55 MeV I'..=.,[:[;.|:]E-|:l]]]
130 + 30 MeV . & is used a8 an shortcut for the 72-5 wae.

o et {1300 )= F TR
T T L reris Kk

fo(1370) 1205+ 45.2 622+ 288 418+ 220 141£732

21799 041027 (T9£2.7) to

(21.2 1+ 7.2)
fo(1500) 188+125 E9+E2 355+ 202 i
41+153 34+1.2 2Z9x1.0 El+ 28

Central preduction (data from WA102)

Not only the Crystal Barrel, but also the WA102 exper-
ment haxs investipated the decay of sealar resonances
mto two psoudoscalar particlss and into 4w 36|, The
relative decay rates found by WAILOD2 for the fip(1300),
the fo(1500), and the ({1710} are 25 follows |[20|:

mm: KK e . Find : dx
f5(1370) 1 :D.46+0.19 : 0.18+0.07 - - 34007
fx(1500) 1 :0.33+0.07 : 0.18+0.03 : 0.098+0.026 : 1.36:+0.15
x(1710) 1 : 50407 : 2.4+08 : <018 : <54

conflicting results

Crystal Barrel and BC : co dominant decay of f0(1370)

WA 102 :

24/05/2018

pp dominant decay of f0(1370)

pp decay 2 times less intense

oo decay < 25% of pp decay
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conclusions and prospects

f0(1370) existence established

measure precisely BR(KKbar)/ BR(TI'.TI'.), BR(O'O')/ BR(TI'.TI'.) ’
BR(pp)/ BR(ntt) of decays of f0(1370) and
f0(1500) to identify scalar gluonium ground state

go to very low |-tl at LHC to get pure spectra of
0++ scalar mesons and glueball in pp CEP
(roman pot detectors essential)

U. Gastaldi 2018 Elba Workshop on

24/05/2018 Forward Physics
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CLEO data
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CLEO data
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Invariant massn

Invariant mass of an, p™ < 0.1 GeV/c, not acceptance-corrected, statistical errars
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