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Outline

• Conventional mesons: brief review

• Light hybrids: masses and decays

• Decay of the J/Psi into (isoscalar) hybrids

• The Sill distribution as a useful tool

• Conclusions



Francesco Giacosa

Symmetries of QCD
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The QCD Lagrangian
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Confinement: quarks never ‘seen’ directly.

How they might look like 

Picture by Pawel Piotrowski
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Flavor symmetry

jiji
qUq 

Gluon-quark-antiquark vertex

It is democratic! The gluon couples to each flavor with the same strength

VU U (3) U U 1   

iq
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Chiral symmetry

In the chiral limit (mi=0) chiral 

symmetry is exact, but is 

spontaneously broken by the 

QCD vacuum 
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baryon number      anomaly U(1)A SSB into SU(3)V

Chiral (or axial) anomaly: explicitely broken by quantum fluctuations
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Hadrons

The QCD Lagrangian contains ‘colored’ quarks and 

gluons. However, no ‚colored‘ state has been seen.

Confinement: physical states are “white” and are called 

hadrons.

Hadrons can be:

Mesons: bosonic hadrons

Baryons: fermionic hadrons

A meson is not necessarily a quark-antiquark state.

A quark-antiquark state is a conventional meson.
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Rho-meson

Pion

MeV 7
du

mm

MeV 775
m

MeV 139
m

Example of conventional quark-antiquark states: 

the ρ and the π mesons

Mass generation in QCD

is a nonpert. penomenon

based on SSB 
(mentioned previusly).



Jean Buridan (in Latin, Johannes Buridanus) (ca. 1300 – after 1358)

SSB and the donkey of Buridan: 

hadronic approaches

  N N  
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Quark-antiquark mesons (PDG 2018)
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Some selected nonets
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Chiral partners
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Tensor and (axial-)tensors
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Table from:

F.G., R. Pisarski, 

A. Koenigstein

Phys.Rev.D 97 (2018) 9, 

091901 

e-Print: 1709.07454 
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1) Glueballs                                    2) Hybrids

3) Four-quark states

Non-conventional mesons:  beyond qq

Compact diquark-antidiquark states

Molecular states (a type of dynamical generation)

Companion poles (another type of dynamical generation)
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1) Glueballs                                    2) Hybrids

Non-conventional mesons:  beyond qq

Talks by:

Arthur Vereijken,

Tensor glueball in a chiral approach,

Fr. 22/6, 15:00 (B3)

Enrico Trotti, 

Scattering of glueballs with J=0,2

Fr. 22/6, 15:40 (C3)



Toward a nonet of hybrid state/PDG



A unique I=1 hybrid state π1

π1(1600) and π1(1400) are the same state 

(in agreement with various models and lattice QCD) 

C. Meyer and E. Swanson, 

Hybrid Mesons,

Prog. Part. Nucl. Phys. 82 (2015) 21

[arXiv:1502.07276 [hep-ph]]. 





New experimental finding: η1(1855)

Phys.Rev.Lett. 129 (2022) 19, 192002 2202.00621 [hep-ex]
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A nonet of hybrid states? 

arXiv:2203.04327

Beides π1(1600) and η1(1855), we expect also:

K1(1750) and η1(1660). The last two not yet seen.



Combined fit for the π1(1660) mesons 

(PDG values +latt)



Lagrangian for π1 and decays

….and other decay terms…



Results of the fit



Predictions for other hybrids



Predictions for other hybrids



Chiral partners of the hybrids





J/Psi decay (via the so-called ‘Sill’ distribution)

‘Sill’ implemented in

all decays above



Beyond Breit-Wigner

ArXiv: 2106.03749



Breit-Wigner distribution

Rho-meson as example. 

BW extends from –inf to +inf. There is no left threshold.



Relativistic Breit-Wigner (rBW)

In a relativistic framework there is always a threshold! (eventually zero).

Function above not normalized as it stands.

From above often used in various applications.



‘Sill’ distribution

Sill for the 

rho-meson



Comments



Sill extension to multi-channel case



ρ meson

Aleph data

for tau decay



a1 meson

Aleph data

for tau decay



The Delta baryon

Data from: J.R. Haskins, Am. J. Phys. 53, 988–991 (1985)



Recent Sill application/JPAC and CLAS

ArXiv: 2303.11762



Recent Sill application/2

ArXiv: 2303.11762ArXiv: 2303.11762



Recent Sill application/3: Xi(1620)

ArXiv: 2305.19093
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Conclusions and outlook

Lightest hybrids

• Nonet of light hybrid states: two resonances still missing

• Postdictions/Predictions

• Search for the missing resonances promising

Sill distribution

• Simple Flatte-like relativistic implementation of threshold(s)

• Normalization, simple propagator

•J/Psi decay into hybrids



Thanks!
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Chiral limit:
is a classical symmetry broken by quantum fluctuations

(trace anomaly)

Dimensional transmutation

Trace anomaly: 

the emergence of a dimension

2

S

g (Q)
( Q)

4
   



MeV 8005000
* 
gluongluon
mmEffective gluon mass: 

a a,G G 0
 Gluon condensate:



Comments 

The Sill is Flatte-like, but not equal. 

It does not reduce to Flatte

(even not in the KK channel) 



Comment

The Sill is as Flatte along KK

(but not along pion-eta)

The Sill is Flatte-like, but not equal. 

Eur.Phys.J.A 23 (2005) 523-533e-Print: nuclth/0410099 [nucl-th]



The K*(892) meson: basically no difference

J. Adam et al. [ALICE], arXiv:1601.07868



Sill: two-channel case



a0(980) example



Multichannel decay law 

w1(t) is the probability that the 

decay has occurred in the first 

channel between (0,t)



w1/w2 is not a constant


