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Qutline

From quarks and gluons to hadrons
Glueball’'s masses

Experiments searching glueball
Glueballs below 2.6 GeV.

The vector glueball

The pseudotensor glueball

Summary
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Inspire: find t Glueball: 1393 papers (on 31/5/2016)
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C' | [ inspirehep.net/search?In=en8p=f+t+glueball8of=hb&action_search=Search&sf=earliestdate8iso=d ad @
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Welcome to INSPIRE, the High Energy Physics information system. Please direct questions,
comments or concerns to feedback@inspirehep.net.

HepNames :: InsTitumions :: ConrFerRenNces :: JoeBs :: ExPERIMENTs :: JournALs :: HEeLp

i v Easy Search
f t glueball Brief format m Advanced Search
find | "Phys Rev | ett . 105™ :: more

Sort by: Display results:
earliestdate ¥ | desc. ¥ ||-orrankby- ¥ 25results ¥ || single list ¥
EP 1,393 records found 1-25P M jump to record: 1 Search took 0.07 seconds.

1. A comprehensive study of the radiative decays of J/y and y(2S) to pseudoscalar meson pairs, and search
for glueballs
Sean Daobbs, A. Tomaradze, T. Xiao, Kamal K. Seth (Northwestern U.). 2016.
Published in AIP Conf.Proc. 1735 (2016) 050001
DOI: 10.1063/1.4949420
Conference: C15-09-13 Proceedings

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote

Detailed record
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Inspire: find t Glueball: 1410 papers (on 12/11/2016)
| - ftglueball - Search Resu X { M Inbox (13,333) - francesc X o *
- C | @ inspirehep.net/search?In=enf&p=Ff+t+glueball&of=hb&action_search=Search&sf=earliestdate&so=d @
I N S P | R E Welcome to INSPIRE. the High Energy Physics information system. Please direct questions, comments or concemns to feedback@inspirehep.net.

_HEP :: HEPNAMES :. INSTITUTIONS :: CONFERENCES :. JOBS :: EXPERIMENTS :: JOURNALS :: HELP

ft glueball || Brief format @ Search =t

Advanced Search
find | "Phys Rev.Lett. 105*" :: more

Sort by: Display results:
| earliestdate ¥ ||desc. ¥ ||-orrankby- v 25 results ¥ | | single list Y|
EP 1,410 records found 1-25» P jump to record: 1 Search took 0.11 seconds.

1. Decay of charmonium states into a scalar and a pseudoscalar glueball
Walaa |. Eshraim (Frankfurt U., FIAS). 2016. 8 pp.
Published in EPJ Web Conf. 126 (2016) 04017
DOCI: 10.1051/epjconf/201612604017
Conference: C15-08-23 Proceedings
References | BibTeX | LaTex(UsS) | LaTeX(EU) | Harvmac | EndNote
Detailed record

2. 0n Slow-roll Glueball Inflation from Holography
Lilia Anguelova. Mov 1, 2016. 9 pp.
e-Print arXiv:1611.00295 [hep-th] | PDE
References | BibTeX | LaTexX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service
Detailed record

3. Holographic QCD predictions for production and decay of pseudoscalar glueballs
Frederic Brunner, Anton Rebhan (Vienna, Tech. U.). Oct 31, 2016. 7 pp.
e-Print: arXiv:1610.10034 [hep-ph] | PDE
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Search took 0.11 seconds.
1. Casimir scaling and Yang-Mills glueballs

Deog Ki Hong, Jong-Wan Lee, Biagio Lucini, Maurizio Fiai, Davide Vadacchino. Apr 30, 2017. 11 pp.
PNUTP-17-A04

e-Print: arXiv:1705.00286 [hep-th] | PDF

References | BibTeX | LaTexX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service

Detailed record

. Reply to "Comment on "Finding the 0~ Glueball™ [arXiv:1702.06634] and comment on Is the exotic 0~ ~ glueball a pure gluon state?"
[arXiv:1611.08698]

Cong-Feng Qiao, Liang Tang. Apr 26, 2017.
e-Print: arXiv:1704.08589 [hep-ph] | PDF

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service

Detailed record
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TOP PUBLISHING JOURNAL OF PHYSICS G: NUCLEAR AND PARTICLE PHYSICS Progress in Particle and Nuclear Physics 63 (2009) 74-116

doi:10.1088/0954-3899/40/4/043001

1. Binys..G: Nucl..art. Rhys. 40.2013) 0#3001:(68pp) Contents lists available at ScienceDirect

TOPICAL REVIEW Progress in Particle and Nuclear Physics

journal homepage: www.elsevier.com/locate/ppnp

The status of glueballs

Review
Wolfgang Ochs The experimental status of glueballs

Max-Planck-Institut fiir Physik, Werner-Heisenberg-Institut, Fohringer Ring 6, V. Crede?, CA. Meyerb'*

D-80805 Miinchen, Germany ? Florida State University, Tallahassee, FL 32306, USA
Y Carnegie Mellon University, Pittsburgh, PA 15213, USA

Int.J.Mod.Phys. E18 (2009) 1-49

Vincent Mathi A f o
Previous reviews:

de Mons-Hainaut,

Académic universitaire Wallonic-Bruzelles,

Place du Parc 20, BE-7000 Mons, Belgium.
vincent. mathieu@umh. ac.be

Univer

Nikolai Kochelev

Bogoliubov Laboratory of The

Joint Institule for Nuclear Research,

Dubna, Moscow region, 141980 Russia.
kochelen@theor. jinr.ru

al Physics,

F.E. Close, Rep. Progress Phys. 51 (1988) 833.

C. Amsler, Rev. Modern Phys. 70 (1998) 1293. hep-ex/9708025.

S. Godfrey, J. Napolitano, Rev. Modern Phys. 71 (1999) 1411. hep-ph/9811410.
C. Amsler, N.A. Tornqvist, Phys. Rep. 389 (2004) 61.

A. Masoni, C. Cicalo, G.L. Usai, J. Phys. G32 (2006) R293.

Vicente Vento
Departament de Fisica Teorica and Institut de Fisica Corpuscular,
Universitat de Valéncia-CSTC,
E-}6100 Burjassol ( Spain.
vicente.vento@uu. es

lencia),

Glueballs are particles whose valence degrees of freedom are gluons and therefore in their descrip-
tion the gauge ficld plays a dominant role. We revic sont results in the physics of glueballs with
the aim set. on phenomenology and discuss the possibility of [inding them in conventional hadronic
experiments and in the Quark Gluon Plasma. In order to describe their properties we resort Lo a va-
ricty of theorctical treatments which include, lattice QCD, constituent modcls, AdS/QCD methods,
and QCD sum rules. The review is supposed to be an informed guide to the literature. Therefore,
we do not discuss in detail technical developments but refer the reader to the appropriate references.

Inspire: f t glueball after 28/2/2013: 93 articles. ‘Soon’ a new review will be needed.
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From QCD Lagrangian to baryons and mesons

Born Giuseppe Lodovico Lagrangia
25 January 1736
Turin

Died 10 April 1813 (aged 77)
Paris
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The QCD Lagrangian

Quark: wu,d,sandc,b,t

qg.=|q, |, i=uds,

R,G,B
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1=1
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Feynman diagrams of QCD LJ (
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Quark Gluon
Gluon-quark-antiquark 3-gluon vertex 4-gluon vertex

vertex

Already here one may ask: what about bound states of gluons???

Francesco Giacosa



Symmetries of QCD and breakings U (
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SU(3)color: exact. Confinement: you never see color, but only white states.

Dilatation invariance: holds only at a classical level and in the chiral limit.
Broken by quantum fluctuations (trace anomaly)
and by quark masses.

SU(3)rxSU(3)L: holds in the chiral limit, but is broken by nonzero quark
masses. Moreover, it is spontaneously broken 10 U(3)v=R+L

U(1)A=R-L: holds at a classical level, but is also broken by quantum
fluctuations (axial anomaly)

Francesco Giacosa
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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.

Francesco Giacosa



the p and the T mesons

Example of conventional quark-antiquark states: LJ (

Rho-meson

Pion

m

m
u

mo. = 775 MeV

=139 MeV

+m, =7 MeV

Francesco Giacosa
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Mass generation in QCD
is a nonpert. penomenon
based on SSB

(mentioned previusly).



Quark model(s) and their QF T extensions

Mesons in a Relativized Quark Model with Chromodynamics
S. Godfrey, Nathan Isgur
Published in Phys.Rev. D32 (1985) 189-231

Mesonic loops e.g. included into
A Low Lying Scalar Meson Nonet in a Unitarized Meson Model

E. van Beveren, T. A. Rijken, K. Metzger, C.~Dullemond, G.~Rupp and J. E.~Ribeirc

Z. Phys. C 30 (1986) 615

Meson spectroscopy: too much excitement and too few excitations
G. Rupp, S. Coito and E. van Beveren,
Acta Phys. Polon. Supp. 5 (2012) 1007

QCD phenomenology based on a chiral effective Lagrangian
Tetsuo Hatsuda, Teiji Kunihiro
Phys.Rept. 247 (1994) 221-367
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GeV

NJL: quark-based model with
chiral symmetry and SSB
chiral condensate

Effective quark mass

Mesons as quarkonia (pion: ok)

The Infrared behavior of QCD Green's functions: Confinement dynamical symmetry breaking,

and hadrons as relativistic bound states
Reinhard Alkofer, Lorenz von Smekal
Phys.Rept. 353 (2001) 281

Baryons as relativistic three-quark bound states

G. Eichmann, H.~ Sanchis-Alepuz, R. Williams, R. Alkofer and C. S. Fischer,

Progr. Part. Nucl. Phys. 91 (2016) 1

Francesco Giacosa

DS:

quarks and gluons propagators

from QCD

Condensates

Effective quark and gluon masses
Spectra of mesons as quarkonia
(pion: ok) and baryons as qqq states



Non-conventional mesons: J (
theoretical expectations
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2) Hybrids

1) Glueballs

Compact diquark-antidiquark states

3) Four-quark states Molecular states (a type of dynamical generation)

e

Companion poles (another type of dynamical generation)

Francesco Giacosa
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Masses of glueballs
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Glueball masses: bag models U (
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A. Chodos, et al., Phys. Rev. D 9 (1974) 3471
R.L. Jaffe, K. Johnson, Phys. Lett. B60 (1976) 201

ANNALS OF PHYSICS 168, 344-367 (1986)

Qualitative Features of
the Glueball Spectrum*

R. L. Jareg, K. Jounson, anp Z. Ryzak!

Center for Theoretical Physics, Laboratory for Nuclear Science,
and Department of Physics, Massachusetts Institute of Technology,
Cambridge, Massachusetis 02139

Received September 13, 1985
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PHYSICAL REVIEW D 73, 014516 (2006) 2+-_ 3"

10 | =
Glueball spectrum and matrix elements on anisotropic lattices %-_ e 1 4

Y. Chen,'? A. Alexandru,? S.J. Dong,2 T. Draper,2 I. Horvath,2 F. X. Lee,>* K. F. Liu,” N. Mathur,>* C. Morni 3
M. Peardon,® S. Tamhankar,” B.L. Young,7 and J. B. Zhang8 8
'Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, People’s Republic of China i
2Departmem of Physics & Astronomy, University of Kentucky, Lexington, Kentucky 40506, USA 2 I 1 +'_ E 3
3Center for Nuclear Studies, Department of Physics, George Washington University, Washington, D.C. 20052 US:
“Jefferson Lab, 12000 Jefferson Avenue, Newport News, Virginia 23606, USA
5D(*pan‘m€nr of Physics, Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA
School of Mathematics, Trinity College, Dublin, Dublin 2, Ireland

"Department of Physics and Astronomy, lowa State University, Ames, Iowa 50011, USA
8CSSM and Department of Physics, University of Adelaide, Adelaide, SA 5005, Australia J 2
(Received 13 October 2005; published 26 January 2006)

o Mg
1
Mg (GeV)

The glueball-to-vacuum matrix elements of local gluonic operators in scalar, tensor, and pseudoscalar 4 F
channels are investigated numerically on several anisotropic lattices with the spatial lattice spacing
ranging from 0.1-0.2 fm. These matrix elements are needed to predict the glueball branching ratios in J /4
radiative decays which will help identify the glueball states in experiments. Two types of improved local
gluonic operators are constructed for a self-consistent check and the finite-volume effects are studied. We by 1
find that lattice spacing dependence of our results is very weak and the continuum limits are reliably 2 F
extrapolated, as a result of improvement of the lattice gauge action and local operators. We also give
updated glueball masses with various quantum numbers.

0 : : : 0
++ -+ +- -

Quoted by the PDG in the ‘Quark Model’ review.
See also: Gregory et al, JHEP 1210 (2012) 170

Towards the glueball spectrum from unquenched lattice QCD

Conclusions and future prospects: “The most conservative interpretation of our results is that the masses in terms of
lattice representations are broadly consistent with results from quenched QCD. We do not see any evidence for large
unquenching effects, however a definitive calculation requires a continuum extrapolation, and the inclusion of
fermionic operators.” Eriee Elhens
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Experiments searching glueballs
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Glueball production and decays: U (
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Glueballs should be find in gluon-rich processes
(such as J/p decays, proton-antiproton fusion, ...)

Glueballs should couple to all quark flavors with similar
strenght

Moreover, glueballs should have a suppressed (but
nonzero!) decay into photons.

Francesco Giacosa



Hadronic experiments

Proton-proton
(WA79,WA102,LHC,RHIC)

E I e Ct rO n - pO S |tr0 n (with strange-antistrange,

charm-anticharm or bottom-antibottom formation)

(Belle, Belle Il, Babar, Ihy
BES, KLOE, KLOEII,...)

Francesco Giacosa
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WA 79, WA 102
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Photoproduction: Compass at CERN (also with pion instead of the photons)
GlueX AND CLAS12 at JLab (start soon)

Francesco Giacosa
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Proton-antiproton
(Lear,Fermilab, and in the future: PANDA)

Formation . f:E (:E
» E&wm@ | ) D)
only selected J°C L E @E

N ng s sg/c cg

Production P rm P
all J°C available Pl @ € m Q@ (M

PANDA mass range: from 2.5 t0 4.5 GeV

Francesco Giacosa
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The scalar glueball

6
12 0" m—
10 27— B
—
g+t 3t % B—
8 + =
Eo 277 — 1+-_ 3 g
© 6 ot 0" — TD
5 =
4 0 —
5 1
0 0

++ -+ +-
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Mixing pattern

Above 1 GeV one has two
quark-antiquark states and a
bare glueball.

5(tu + dd)
SS

Glueball: gg

They mix to form the 3 resonances
on the right.

Note:
a,(980) k(800) f,(980) f,(500)
are regarded as non-quarkonium objects

J<
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IG(JPC) =ot@t+T

£,(1370)

See also the mini-reviews on scalar mesons under f,(500) (see the
index for the page number) and on non-qg candidates in PDG 06,
Journal of Physics G33 1 (2006).

#(1370) T-MATRIX POLE POSITION

Note that I' & 2 Im(\/’m).

VALUE (MeV) DOCUMENT ID
(1200-1500)—i(150-250) OUR ESTIMATE

TECN  COMMENT

IG(JPC) — 0+(0++)

£,(1500)

See also the mini-reviews on scalar mesons under f;(500) (see the
index for the page number) and on non-qg candidates in PDG 06,
Journal of Physics G33 1 (2006).

f5(1500) MASS

VALUE (MeV EVTS DOCUMENT ID TECN COMMENT

1504+ 6 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below.
f(1500) WIDTH

VALUE (MeV EVTS DOCUMENT ID TECN  COMMENT

109+ 7 OUR AVERAGE

/G(JPC) - 0+(0++)

£,(1710)

See our mini-review in the 2004 edition of this Review, Physics Let-
ters B592 1 (2004). See also the mini-review on scalar mesons under
f5(500) (see the index for the page number).

f(1710) MASS

VALUE (MeV EVTS DOCUMENT ID TECN  COMMENT
17231_ g OUR AVERAGE  Error includes scale factor of 1.6. See the ideogram below.
f5(1710) WIDTH
VALUE (MeV EVTS DOCUMENT ID TECN  COMMENT

139 + 8 OUR AVERAGE Error includes scale factor of 1.1.

Francesco Giacosa



G in the extended Linear Sigma Model (eLSM)

Hadronic model based on the symmetries of QCD: scalar
glueball G built in from the very beginning (trace anomaly)
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Nonet|L|S|JF¢ Current Assignment
byl _ . N Chiral multiplet Current Ur(3) xUL(3)| P | C
P |0|0]0 P % 33’“'{5(}1 JHK,mm
$—S54iP V2Gr iqr ; UpdU. ol | @t
g (1|18 S = %]qi ao(1450), K§(1430), fo(1370), fo(1510) :
RM — VM _ AM ﬁ@ﬂﬁj’}’ﬁl(}‘ﬂ.a IIRR#LT;% L.# L+
Ve O(BL 1 lejj — %cﬁfr gi p(770), K (892), w(785), ¢(1024) :
Lt =VH 4+ A* | 23 jv"qLi ULR*Ul |R.| BR™
A% 1111 Ak = %_ﬂ' " g; a,(1230), K, a, f1(1285), f1(1420)
. 1 m?2 G 74
L = (0,67 & (G ||~ Tr [(D*®)"(D,®
( [ ) —l AQ ( n A —l Sl [( ) ( 12 )]

<

Go

G

) w5

) (@24 (R“)Q)}

s ]+ a0

h-
+c1[det(®) — det(D)]2 + %Ti‘[(l)*tl)}ﬂ[Lﬁ L* + R, RH]
+hoTr[®' L, L'® + ®R,R*®'| + 2h3Tr[®R, ®'L¥]

- )2 Tr [®T®] — A (Tr [@70])2 — AT [(@13)?]

D. Parganlija, P. Kovacs, G. Wolf, F. G., D. H. Rischke,

Francesco Giacosa

Phys. Rev. D 87 (2013) no.1, 014011
[arXiv:1208.0585 [hep-ph]].




eLSM: fit (11 parameters, 21 exp. quantities)

Error from PDG or 5% of exp.

Scalar-isoscalar sector not
included.

Krea =12

Observable | Fit [MeV]| |Experiment [MeV]
P 96.3 + 0.7 92.2 + 4.6
fx 106.9 £ 0.6 11064+ BB
My 141.0 + 5.8 18T 860
mEK 485.6 £ 3.0 495.6 = 24.8
- 5004+ 3.0 | 547.0 +27.4
My 962.5 £ 5.6 957.8 £47.9
g 783.1 £ 7.0 775.5 = 38.8

M+ 885.1 £ 6.3 893.8 £ 44.7
Mg 975.1 + 6.4 1019.5 + 51.0
Thay 1186 =6 1230 &= 62
7 £, (1420) 18725 53| 142641713
Wi 13631 1474 + 74
My 1450 =71 1425 £ 71
| R - 160.9 4.4 149.1 £ 74
Des ey 446 +1.9 AN
| o 3.34+0.14 3.54+0.18
e e 549 + 43 425 + 175
| A 0.66 + 0.01 0.64 + 0.25
T sy ics | MG 508 |  AB0-L9D
L'y 266 + 12 265 £+ 13
Irxkn 285 & 12 270 £ 80

Francesco Giacosa
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Scalar glueball in the eLSM U (
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PHYSICAL REVIEW D 90, 114005 (2014)
Is fy(1710) a glueball?

Stanislaus Janowski,' Francesco Giacosa,"? and Dirk H. Rischke'
UInstitute for Theoretical Physics, Goethe University,
Max-von-Laue-Strafie 1, 60438 Frankfurt am Main, Germany
2Institute of Physics, Jan Kochanowski University, 25-406 Kielce, Poland
(Received 26 August 2014; published 2 December 2014)

We study the three-flavor chirally and dilatation invariant extended linear sigma model with (pseudo)
scalar and (axial-)vector mesons as well as a scalar dilaton field whose excitations are interpreted as a
glueball. The model successfully describes masses and decay widths of quark-antiquark mesons in the
low-energy region up to 1.6 GeV. Here we study in detail the vacuum properties of the scalar-isoscalar
JPC = 0+ channel and find that (i) a narrow glueball is only possible if the vacuum expectation value of
the dilaton field is (at tree level) quite large (i.e. larger than what lattice QCD and QCD sum rules suggest)
and (ii) only solutions in which f(1710) is predominantly a glueball are found. Moreover, the resonance
£o(1370) turns out to be mainly (& + dd)/ /2 and thus corresponds to the chiral partner of the pion, while
the resonance f(1500) is mainly 5.

DOI: 10.1103/PhysRevD.90.114005 PACS numbers: 12.39.Fe, 12.39.Mk, 12.40.Yx, 13.25.Jx

Unique assignment is found:

f,(1370) 091 -024 0.33 5 (tu + dd)
f,(1500) | = 030 094 —-0.17 =q
fo(1710) —0.27 0.26 0.93 Glueball: gg

Clear outcome: fo(1710) is predominantly gluonic

Francesco Giacosa



Lattice result on J/Psi decay into glueball U (
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PRL 110, 021601 (2013) PHYSICAL REVIEW LETTERS i DT 5 Jons Kochencushiego w Kisicoch

Scalar Glueball in Radiative J/ ¢ Decay on the Lattice Y

Long-Cheng Gui,l‘2 Ying Chen,l‘z‘* Gang Li.,3 Chuan Liu,4 Yu-Bin Liu,5 Jian-Ping Ma,®
Yi-Bo Yang,'? and Jian-Bo Zhang’

»
>
(CLQCD Collaboration) C
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, People’s Republic of China J/ ‘“lj /
*Theoretical Center for Science Facilities, Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
3D(',partment of Physics, Qufu Normal University, Qufu 273165, People’s Republic of China
4School of Physics and Center for High Energy Physics, Peking University, Beijing 100871, People’s Republic of China <
3School of Physics, Nankai University, Tianjin 300071, People’s Republic of China - \
Slnstitute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100190, People’s Republic of China C
"Department of Physics, Zhejiang University, Zhejiang 310027, People’s Republic of China

(Received 5 June 2012; published 10 January 2013)

The form factors in the radiative decay of J/# to a scalar glueball are studied within quenched lattice
QCD on anisotropic lattices. The continuum extrapolation is carried out by using two different lattice
spacings. With the results of these form factors, the partial width of J/¢ radiatively decaying into the
pure gauge scalar glueball is predicted to be 0.35(8) keV, which corresponds to a branching ratio of
3.8(9) X 1073. By comparing with experiments, out results indicate that f,(1710) has a larger overlap
with the pure gauge glueball than other related scalar mesons.

From the PDG (decay of the j/y): the radiative decays into fo(1710) are larger than into fo(1500).

v f(1710) — vKK (85 T332 )x10~*

vfp(1710) — 7w (40 +10 )x10~% vf(1500) — ymw (1.01 +032 )x10~*
Yfp(1710) — yww (31 +1.0 )x10~4 o i
Y (1710) — 1) (24 +12 )10 71o(1500) — vnn (17 T9 )x10-
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Decays of the scalar glueball in holography U (
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fo(1710) fits well into
PHYSICAL REVIEW D 91, 106002 (2015) th e p|Ctu re.

Glueball decay rates in the Witten-Sakai-Sugimoto model

Frederic Briinner, Denis Parganlija, and Anton Rebhan
Institut fiir Theoretische Physik, Technische Universitiit Wien, .
Wiedner Hauptstrasse 8-10, A-1040 Vienna, Austria
(Received 13]March 2015; published 14 May 2015) Total Wldth Calcu |ated to be
‘We revisit and extend previous calculations of glueball decay rates in the Sakai-Sugimoto model, a
holographic top-down approach for QCD with chiral quarks based on D8-D8 probe branes in Witten’s about 1 OO MeV .
holographic model of nonsupersymmetric Yang-Mills theory. The rates for decays into two pions, two
vector mesons, four pions, and the strongly suppressed decay into four z° are worked out quantitatively,
using a range of the "t Hooft coupling which closely reproduces the decay rate of p and @ mesons and also
leads to a gluon condensate consistent with QCD sum rule calculations. The lowest holographic glueball,
which arises from a rather exotic polarization of gravitons in the supergravity background, turns out to have . . .
asignificantly lower mass and larger width than the two widely discussed glueball candidates f;,(1500) and Alte rn atlve d I reCt I O n to Stu d y
fo(1710). The lowest nonexotic and predominantly dilatonic scalar mode, which has a mass of 1487 MeV
in the Witten-Sakai-Sugimoto model, instead provides a narrow glueball state, and we conjecture that only
this nonexotic mode should be identitied with a scalar glueball component of f,(1500) or f,(1710). g I u eba”s .
Moreover the decay pattern of the tensor glueball is determined, which is found to have a comparatively
broad total width when its mass is adjusted to around or above 2 GeV.

DOI: 10.1103/PhysRevD.91.106002 PACS numbers: 11.25.Tq, 13.25.Jx, 14.40.Be, 14.40.Rt
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Summary: scalar glueball - where do we stay? U (
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« Various scenarios exist

« Lattice’s help concerning the width of the scalar glueball is
expected.

« Decays into gamma-gamma of fo(1500) and fo(1710) (both not seen
yet). Clarification of fo(1370)->yy and ao(1450)->yy (seen but no
branching ration yet).

* |In general, an improvement of the experimental knowledge (such as
ao(1450)->wrTr) Is welcome
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Tensor glueball

o Mg

5
12 R —
+- — -
10 2 ?:— 4
3++ 3+_ —
8
o =
27— 33
* O
6 2++ 0 — TD
=
2
4 0 —
1
2
0 0
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Tensor glueball l J
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Candidate: fJ(2220)
It is not on the Regge trajectories

. Anisovich, JETP Lett. 80, 715 (2004) [Pisma Zh. Eksp. Teor. Fiz. 80, 845 (2004)] [arXiv:hep-ph/0412093];

V.
V. V. Anisovich, M. A. Matveev, J. Nyiri and A. V. Sarantsev, arXiv:hep-ph/0506133.

<<

No decay into photon-photon
Two-pion/two-kaon ratio in agreement with flavor blindness.

Details and further refs. in:
C. Amsler and N. A. Tornqvist, Phys. Rept. 389, 61 (2004).

F. G, T.Gutsche, V. E. Lyubovitskij and A.~Faessler,
“"Decays of tensor mesons and the tensor glueball in an effective field approach,"
Phys. Rev. D 72 (2005) 114021 [hep-ph/0511171].

KK :on:ngg :n'n’ =1:0.79:0.17:0:0.001
G

Loy = cappGu (O ) + cavv G (VYY)

op: K K" tww:wd:dp=1:0.84:032:0:0.11
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f,(2220) WIDTH

DOCUMENT ID TECN

G /PCy _ at(r++ ~+
5(2220) 19(J7C) = 07 (2 or 4T 1)
VALUE (MeV) CL% EVTS
OMITTED FROM SUMMARY TABLE + 8
Needs confirmation. See our mini-review in the 2004 edition of this 232 7 OUR AVERAGE

Review, PDG 04.

f,(2220) MASS

VALUE (MeV) EVTS DOCUMENT ID COMMENT
2231.1+ 3.5 OUR AVERAGE
f;(2220) DECAY MODES
Mode Fraction (I';/T)
M a7 seen
5 l—i_ T seen
3 KK seen
4 pP
5 vy not seen
6 17 (958) seen
7 ¢¢ not seen
s nn not seen
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Pseudoscalar glueball

12 0" — °
+-, -
10 2 T 2_. 4
3++ 3+- —
8
© 2""— 1+-_ 3 %
= o ]
© 6 2t 0" — ;D
2
4 0F " m—
1
2
0 0

++ -+ +-
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Pseudoscalar glueball U (
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J. Phys. G: Nucl. Part. Phys. 32 (2006) R293-R335 doi:10.1088/0954-3899/32/9/R01 Joney Kochancuetilego u Hieleoch

INSTITUTE OF PHYSICS PUBLISHING JOURNAL OF PHYSICS G: NUCLEAR AND PARTICLE PHYSICS

TOPICAL REVIEW

The case of the pseudoscalar glueball

A Masoni'?, C Cicald'? and G L Usai'?

t INFN, Sezione di Cagliari, Cagliari, Italy
2 Dipartimento di Fisica, Universita di Cagliari, Cagliari, Ttaly

Received 20 January 2006
Published 10 August 2006
Online at stacks.iop.org/JPhysG/32/R293

Abstract

Glueballs represent a key requirement of quantum chromodynamics as a non-
Abelian field theory. Their search provides one of the strongest motivations
for meson spectroscopy. The first glueball candidate was identified in 1980
in the J/ W radiative decay. Its discovery actually dates back to 1963 and for
four decades about 30 experiments, using six different production mechanisms,
were dedicated to studying the pseudoscalar states lying in the 1.4—1.5 GeV/c?
mass region. Today, the presence of two pseudoscalar states and an axial vector
can be considered as established (see 2004 edition of the Review of Particle
Properties). Assuming that 1(1295) is established and the nonet filled, the
lower mass pseudoscalar, 1(1405), becomes a supernumerary and shows the
properties of a non-gqg state. Here, we review the experimental effort related
to this long search, which can be considered a sort of paradigm for light-quark
Spectroscopy.
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Pseudoscalar glueball

The bare states

\/g(ﬁu +dd)
SS

Glueball: gg

mix and form the 3 resonances.
Usually, in such studies the glueball turns
out to sit mostly in the eta(1405) state.

Conflict with Lattice!

J<
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n(1295) I(UPC) = ot~ )

See also the mini-review under 1(1405)

7(1295) MASS

VALUE (MeV EVTS DOCUMENT ID TECN COMMENT
1294+4 OUR AVERAGE Error includes scale factor of 1.6. See the ideogram below.

77(1405) /G(JPC) _ O+(0*+)

A REVIEW GOES HERE - Check our WWW List of Reviews

n(1405) MASS

VALUE (MeV) DOCUMENT ID

1408.8+1.8 OUR AVERAGE Includes data from the 2 datablocks that follow this one.
Error includes scale factor of 2.1. See the ideogram below.

77(1475) ,G(JPC) - 0+(O_+)

See also the 7(1405).

1(1475) MASS
K'K= MODE (K*(892) K dominant)

VALUE (MeV EVIS DOCUMENT 1D TECN COMMENT
1476+ 4 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below.
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The pseudoscalar glueball: J (
predictions from the eLSM

LU — icq. G (det® — det®’ S
(G-mesons GP
Cyantiy Value Mc = 2.6 GeV from lattice as been used as an input.
FCHKKH/F? 0.049 2 — 5
FG%KKT)’/Pt(gt 0.019 10 S =— R
~ tot - il 4 —
FGﬁnnn/Fét 0.016 e e -
Fé—mvm’/r(‘; 0.0017 2 | o= :
Féﬁnn’n’/rt(gt 0.00013 4] O — i
= FG%KKW/F?IS 0.46 2 L
Fé—)nﬂﬂ/rgi 0.16 0 0
(0]
Fé_m,m/Fé 0.094

X(2370) found at BESIII is a possible candidate.

G—>nnr

Future experimental search, e.g. at BES and PANDA

Details in:
W. Eshraim, S. Janowski, F.G., D. Rischke, Phys.Rev. D87 (2013) 054036. arxiv: 1208.6474 .
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Coupling to baryons

LonNN 196

5

I'::—} N-= N+h.c.

p+p— p+p(1535) + h.c.

W. Eschraim, S. Janowski, K. Neuschwander, A. Peters, F.G., Acta Phys. Pol. B, Prc. Suppl. 5/4, arxiv: 1209.3976
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Heavier glueballs: vector and pseudotensor

vector, pseudotensor,...

Oddballs.

My personal plan: make predictions for decays of various glueballs (9 to do)

glueballs.
1 0" m—
10 | Z—
g+ 3+ %—_
i 2'+— *
) 1 —
%O 6t 2"‘+ 0+_
4 0" —
21
0
++ -+ +-
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Vector glueball U (
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From arXiv:1607.03640 [hep-ph], to appear in PRD,
Decays of the vector glueball by F.G, J. Sammet, S. Janowski

We predict that the vector glueball decays mostly into:

The lattice mass of 3.8 GeV has been used; Tables of ratios are in the preprint.
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Fields: new entry

1

Nonet|L|S|JF¢ Current Assignment
P |0j0j0""| Py= Y%quﬁ; qi T, K,n,1
S |1|1|0t* Sij = d=@;a  |ao(1450), K;(1430), fo(1370), fo(1510)
Ve o117 Vi = Date p(770), K*(892), w(785), ¢(1024)
A 1|11 A = Lgtta | a1(1230), Ko 4, £1(1285), f1(1420)
B* [10[177| BY = L5g7° 5 g | 5:1(1230), Ki s, hi(1170), ha(1380)
Bt 21|17 |EE —%@i?“qi p(1700), K*(1680), w(1650), ¢(?77)

Chiral multiplet Current Us(@)xUz{(3) P | C
®=5+iP V24r ;9L ; UrdUL ol | @*
Rt =VF — A* | V24rv"qr: | UrR*UL | L. | L*
L =VH* 4+ A% | V2qL7v"qL.: U.R*U] |R,| R*
HH — M ;B* | /24 et HHTTI hir| _gpts

o = El..—48 20p 40 Fgra UL d*Up il

ArXiv: 1607.03640

Francesco Giacosa
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Vector glueball into pseudoscalar-pseudovector U (

Uniwersytet

Jara: Rochanowshlego w Kislmd

Ly = X0,1GO,Tr [fIﬁci:# ary

Quantity Value
O— b1 (1170) D 1?
O—byw :

O —nhq (1380) 0 11
OQ—bym i
O—n'hy(1170) 0.15
Q—bym ’

O—n'hq(1380) 0.10
O—bym ’

O— K Kq(1270) 0275
O—bym ’
O— K Ky (1400) 0.30
O—bym :

O— K[":ft‘]-lii[.":-h"‘ (1680} U .-)0

Q—bym

O— ap (1450) o (1700) U 14

O—bymw

O fp(1370)w(1650) | )34

OQ—bym

ArXiv: 1607.03640

O — bym— wrn
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Vector glueball into VPP

Quantity Value
Bk, 0.50
[ B
e 0.17
% 0.21
oK (892) 1.9
O—wnw
i 0.064
e 0.019
3w
s 0.019
Loruns, 0.039
O
f—’,ff.’.‘.'ff 0.011
o 0.011
D= | 0,00029

L2 = A020,Tr [LH®D" + RFDT ]

D= www

Quantity Value
O—+ag{ldsd)p {}.—1?
D= wre
O fp (13700 0.15
O—wrw
@+ K2 (1430) K * (802) 0.30
Ot wrw
O KK 0.018

ArXiv: 1607.03640

O — wrm

O — K K*(892)

Francesco Giacosa

1<

Uniwersytet

Jare Hochenowshiega w Kiglsch



Vector glueball into VP U (
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P — G'E“yypcrﬁ'&@gfr :L'“ .:I:-H:q]:ﬁ]

Quantity |Value
O— K K* (802)
1 1.3

O—pw
Conw 0.16
O pw
oty | [
O—pw
ok, | I
O pw
oon'é 0.18
O—pw :
O—paq(1230) 1 8
O pw ’
0w f1(1285) [ £
O—pw "
o —3 w 1 (1420) 0.82
D= pw i

ArXiv: 1607.03640

dominant decay modes m—( pr, K K*(892), and pa;(1230)
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Pseudotensor glueball

Eur. Phys. J. A (2016) 52: 356
DOI 10.1140/epja/i2016-16356-x

THE EUROPEAN
PHYSICAL JOURNAL A

Regular Article — Theoretical Physics

Phenomenology of pseudotensor mesons and the pseudotensor

glueball

“(2(3040)”
Branching ratio Theory
I'th(a,(1320) 7) /TR (K3 (1430) K +c.c) | 0.9
T8 (a2(1320) ) /T (f2(1270) 1) 6.0
" (ap(1320) 7) /TR (£2(1270) 77 (958)) 8.5
IR (ay(1320) 7) /TR (£4(1525) 1) 9.0
'R (ay(1320) 7) /T (£4(1525) 17 (958)) 11.0

Table 8: Theoretical branching ratios for the pseudotensor glueball “G2(3040)

ArXiv: 1608.8777

1J<
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Still hypothetical states. Need of experiment (PANDA in first place).
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Pseudotensor meson: suprising large mixing? J (
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Abstract. We study the decays of the pseudotensor mesons (m2(1670), K2(1770), n2(1645), 172(1870)) in-
terpreted as the ground-state nonet of 1'I)s gg states using interaction Lagrangians which couple them
to pseudoscalar, vector, and tensor mesons. While the decays of m2(1670) and K2(1770) can be well de-
scribed, the decays of the isoscalar states 12(1645) and 12(1870) can be brought in agreement with the
present experimental data only if the mixing angle between nonstrange and strange states is surprisingly
large (about —42°, similar to the mixing in the pseudoscalar sector, in which the chiral anomaly is ac-
tive). Such a large mixing angle is however at odd with all other conventional quark-antiquark nonets:

ArXiv: 1608.8777

Opp v —42°

79(1645)\ [ cos@pr sinfpr Mo N = ﬁ“\E‘fd
n9(1870) )  \ —sinfpr cosb@pr
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Concluding remarks LJ (
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« We did not find glueballs yet.

« We have some good candidates for the scalar sector and less good
candidates for the tensor and pseudoscalar sector.

« Vector and pseudotensor glueballs: predictions

« Are (at least some) glueballs narrow enough? This is a crucial question.
Large-Nc tells so. Help from Lattice would be very welcome!

«  Other glueballs can be studied; oddballs and glueballs with J=3 are on my
to-do list

« Ongoing and future experiments:
BESIII
COMPASS@CERN - LHCb@CERN
CLAS12@JLAB, GLUEX@JLAB
BELLE2
RHIC/STAR
PANDA®@FAIR is very well suited for the search of glueballs.

Francesco Giacosa



Concluding remarks LJ (
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The search for glueballs is an active field.
Expected other 1000 publications in the next 20 years.
Hopefully with conclusive results!

Thank You

Francesco Giacosa
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Back-up slides
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Trace anomaly: the emergence of a dimension LJ (

Uniwersytet

Chiral limit: m. = 0 Uniwersytet

—1 is a classical symmetry, which is how broken

L T o
L LT = L by quantum fluctuations (trace anomaly)

Dimensional transmutation A ¢, = 250 M eV

0.5

) i
g (Q) '
o (L=Q) =
47[ 5 03t
"l ==QCD DL\‘(MZ‘) =0.1189 £ 0.0010 .
1 l[)Q o 100
In Yang-Mills (QCD without quarks) it is:
LV ‘ i Lo ﬂ(g) YA YA, UV
Gluon condensate: <G3VG‘Elu >;t 0 Ol =T = = FGu G #0
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The trace anomaly: addendum U (
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Emergence of a low-energy scale: Ay =250 MeV
Gluon condensate: <waGa’w> #0

,Effective” gluon ,Mass” (better: dressing’ of the propagator)

Analytic Structure of the Landau-Gauge Gluon Propagator
Stefan Strauss, Christian S. Fischer, and Christian Kellermann
Phys. Rev. Lett. 109, 252001 — Published 19 December 2012

,Moreover, the gluon is certainly not a massive particle in the usual sense.
Within the present accuracy we find 600 MeV < mg < 700 MeV.*

o Tl e PuPuv Z{pﬁ) 1sh ~ |
,u.rz'-[.p,]-' — 5.“-" - P = IR IEANY |
- p- 2 N
I —

2 3
p[GeV]
FIG. 2: Results for the gluon dressing function Z(p?)
tions

from lattice calculations [12] compared to the result
from DSEs [9].
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Flavor symmetry LJ (
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Gluon-quark-antiquark vertex.

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

g —>U,q, UeU@B), »U'U=I

Francesco Giacosa



Chiral symmetry LJ (

Uniwersytet
nghf—hﬂﬂﬂ&d: L eﬂ_handed_- Jona Hochanourshiego u Klsleach

Qi = Qi,R + qi,L
1

=—({+7")g,

d.x 2( Y )q,
1

q,. = 5(1 o yS)Qi
4 =qigr T — Uiquj,R +Ui]}qj,L
Even more: the gluon couples with the same strength to quarks with different chiralities.

U@B), xU@B), =U),,xU1), ,xSU(3), xSU (3),

In the chiral limit (mi=0) chiral symmetry is exact.

Francesco Giacosa



Spontaneous breaking of chiral symmetry U (
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U@B),xU@B), =U1),, xU1),_, XxSU (3),xSU (3),

SSB: SU(3), xSU3), — SUB)y_.; Chiral symmetry > Flavor symmetry

QCD vacuum

(9.9.) =909 + 4,09, %O

m=m,Z =m,; = 5MeV ->m =300MeV Bare quark Effective (or
constitutent)
quark
p—meson = 2m
proton = 3m
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See also:
All-order equation of the effective gluon mass
D. Binosi, D. Ibanez, and J. Papavassiliou
Phys. Rev. D 86, 085033 (2012)

i " C=0.88,¢,70.88 =
O C=1.85, as=0.22
-
012 b Sy
LY
(AN '
c A
=~ o008 5
0 Y
S 008 \
0.04 |
0.02
0 ‘ ;
0.001 0.01 0.1 1 10
x [GeV?]

Many other works:

A Dynamical gluon mass solution in a coupled system of the Schwinger-Dyson equations

Published in JHEP 0408 (2004) 057

Off diagonal gluon mass generation and infrared Abelian dominance in the maximally Abelian gauge in lattice QCD

Published in Phys.Rev. D60 (1999) 114509

Francesco Giacosa
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Definition(s):

1) A meson is a strongly interacting particle with
Integer spin.

2) A meson is a strongly interacting particle with
zero baryon number.

A meson is hot necessarily a quark-antiquark state.
A quark-antiquark state is a conventional meson.

Francesco Giacosa



Quark-antiquark states: the large-Nc limit LJ (
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As Isgur-Godfrey have shown, the quark model works.

Theoretical justification relies on the large-Nc expansion.
G. 't Hooft, Nucl. Phys. B 72 (1974) 461

For comprehensive reviews on Nc:

Baryons in the 1/n Expansion
Edward Witten
Published in Nucl.Phys. B160 (1979) 57

S. R. Coleman, Lectures given at 17th International School ot Subnuclear Physics: Pointlike Structures Inside and Outside
Hadrons 31 Jul - 10 Aug 1979. Erice, Italy. SLAC-PUB-2484.
R._F. Lebed, Czech. J. Phys. 49 (1999) 1273 [nucl-th/9810080].

o) o fud) + = (| 7%) + )
where

valence u + valence d + gluons>

ud) =

Mesons beyond g-gbar: the first term in the first expansion is of non-quarkonium type
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Other approaches/1 U (
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QCD Sum rules Mo++ ~ 1.3 GeV
H. G. Dosch and S. Narison, Nucl. Phys. Proc. Suppl. o

121 (2003) 114 [arXiv:hep-ph/0208271]. My++ >~ 2.0 GeV
H. Forkel, Phys. Rev. D 71, 054008 (2005) ]\,{0_+ ~ 99 GPV

[arXiv:hep-ph/0312049].

Hamiltonian QCD My++ ~ 1.9 GeV

A.P. Szczepaniak, E.S. Swanson, Phys. Lett. B577 ]\4’2++ ~ 924 GPV

(2003) 61. hep-ph/0308268.
Mo-+ ~ 2.2 GeV

Francesco Giacosa



Masses: summary U (
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Agreement of different methods.
Lightest state: a scalar glueball between 1- 2 GeV
Next: tensor and pseudoscalar glueballs.

Glueballs with exotic quantum numbers (oddballs)
are also predicted to exist.
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IS SCALAR GLUONIUM OBSERVABLE?

John ELLIS
CERN, Geneva, Switzerland

and

Jozef LANIK
JINR, Dubna, USSR

Received 26 October 1984

We discuss couplings of scalar gluonium ¢ on the basis of the low energy theorems of broken chiral symmetry and the
anomalous trace of the energy —momentum tensor, implemented using a phenomenological lagrangian. Taking the ITEP
value of the gluon consensate as input, we find I'(o — 7)) ~ 0.6 GeV X (mg/1 GeV)S and T'(o ~vy) ~ 90 eV X (mgf1
GeV)*, while my is undetermined. These results suggest that if the scalar gluonium mass is above 1 GeV, it is probably un-
observably wide, while production in yy collisions is probably too small to be detectable if my < 1.5 GeV. We comment on
the observability of J/y — o + y and on the relevance of our results to other gluonia.

Physics Letters 150 B, 1984

Dilaton Lagrangian which mimics the trace anomaly: very large glueball is found.

Decay into pion reads:
For a glueball of about 1.5 GeV in mass,

& one gets a width of about 4.5 GeV!
['=0.6(M,/1GeV) GeV

Disagreement with the large-Nc expectation

M. Migdal and Shifman, J. Schechter et al,
Phys. Lett. 114B, 445 (1982) Phys. Rev. D 24, 2545 (1981)
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Other approaches/2

Flux-tube models

Bethe-Salpeter approach

ADS/QCD

N. Isgur, J.E. Paton,
Phys. Lett. B124 (1983) 247

Sanchis-Alepuz et al,

1J<
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]\10-1—4- Y 15 GPV
Mosr ~ 2.8 GeV
My—s ~ 2.8 GeV

]\f0++ ~ 1.6 GF‘V

Phys. Rev. D 92, 034001 (2015) Afj—+ ~ 4.5 GeV

12

10 -

4d QCD
AdS Glueball Spectrum

++

-+ +-

PC

|
10 2" m—3
. 2 4
s 2" 2
0" —
8 |
e 3
o™ S
6 2”—o 6,
o
2 E
4 | or m—
1
2}
0 0
+ —+ +-
PC

R. C. Brower, S. D. Mathur and C. I. Tan, Nucl. Phys. B 587 (2000) 249 [arXiv:hep-th/0003115]
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a,(980) k(800) f,(980) f,(500)
JPC — O++
We saw that they are not quark-antiquark states:

(in our approach this is achieved by exclusion,
but this result is common to many others in low-energy QCD)!!!
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Close-Amsler (1995 and 1996) L (

Uniwersytet

C. Amsler and F.E. Close Phys. Lett. B353 (1995) 385 —Etee
C. Amsler and F.E. Close Phys. Rev. D53, 295 (1996 )

Is fo(1500) a scalar glueball?

Claude Amsler*

Physik-Institut, Universitit Zirich, CH-8057 Fiirich, Switzerland Decuplet: nonet+glueball.
Frank E. Close! 3P0 model for decay.
Partzcle Theory, Rutherford-Appleton Laboratory, Chilton, Didcot OX11 GQX United Kingdom Fl avour Symm et ry

(Received 24 July 1995) .
Fit to data on decays.

Following the discovery of two new scalar mesons. fo(1370) and fo(1500) at the Low Energy
Antiproton Ring at CERN, we argue that the observed properties of this pair are incompatible with
them both being QQ mesons. We show instead that fo(1500) is compatible with the ground state
glueball expected around 1500 MeV mixed with the nearby states of the 0" *+QQ nonet. Tests of this
‘hypothesis include the prediction of a further scalar state fg (1500-1800) which couples strongly to
KK, nm, and yy’. Signatures for a possible tensor glueball at ~ 2 GeV are also considered. ’

£,(1370) ~0.91 0.07 0.40 /(@ + dd)
£,(1500) | = —0.41 035 —0.84 .
£,(1710) 0.09 093 0.36 Glucball: gg
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Lee and Weingarten (1999) U (
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One of the first lattice studies.

Scalar quarkonium masses and mixing with the lightest scalar glueball Coupllng Of the glueba” to
W. Lee™ and D. Weingarten pionS and kaonS (Via miXing)

IBM Research, P.O. Box 218, Yorktown Heights, New York 10598
(Received 18 August 1999; published 10 December 1999)

PHYSICAL REVIEW D, VOLUME 61, 014015

We evaluate the continuum limit of the valence (quenched) approximation to the mass of the lightest scalar
quarkonium state, for a range of different quark masses, and to the mixing energy between these states and the
lightest scalar glueball. Our results support the interpretation of f;,(1710) as composed mainly of the lightest
scalar glueball.

f,(1370) 0.82 0.29 -0.49 \/g(ﬁquc_id)
f,(1500) | =| —-0.40 091 -0.13 Sq
fr(1710) 041 030 0.85 Glueball: gg
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My PhD time (2005) LJ (
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PHYSICAL REVIEW D 72, 094006 (2005)

Scalar nonet quarkonia and the scalar glueball: Mixing and decays in an effective chiral approach

F. Giacosa, Th. Gutsche, V. E. Lyubovitskij, and Amand Faessler
Institut fiir Theoretische Physik, Universitdt Tiibingen, Auf der Morgenstelle 14,D-72076 Tiibingen, Germany
(Received 22 September 2005; published 9 November 2005)

We study the strong and electromagnetic decay properties of scalar mesons above 1 GeV within a chiral
approach. The scalar-isoscalar states are treated as mixed states of quarkonia and glueball configurations.
A fit to the experimental mass and decay rates listed by the Particle Data Group is performed to extract
phenomenological constraints on the nature of the scalar resonances and to the issue of the glueball
decays. A comparison to other experimental results and to other theoretical approaches in the scalar meson
sector is discussed.

Lar =D UDIUT + ) + 2D, SDES — 12 Starting point: Lagrangian (with both derivative and
+ 10, GomG — M2GD) + 3 Suyun) non-derivative terms is in agreement with ChPt; nonlinear real. of
? > Cg chiral symmetry)
+ Sy + <G u uty + —=G{y 0 c
BTFO e T Flavour symmetry is crucial.
+ eHSEL ) + g OELE )+ L Fit to all available PDG data.

£,(1370) 0.86 024 0.45 /3 (@ + dd)
£,(1500) | = —0.45 006 089 .

f,(1710) ~0.24 097 —0.06 Gluchall: ==
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My PhD time (2005)/2 LJ (
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But we found also an alternative solution:

£,(1370) 081 019 0.54 /(@ + dd)
£(1500) | =| —0.49 0.72 0.49 .
£(1710) ~0.30 0.67 —0.68 Glueball: gg
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Scalar glueball: often described as a dilaton U (
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At the hadronic level, we describe these properties as:

;4 ~ Y (HY Vai (G)
nv 0.10
1 o _
I 2
Lagin = §(O’;LG) — Vau (G) 008
, Lm2 [ G L
Vi (G) = =< |G*1n _
(C) 4 A [ 1 (AG*) 4] 0
—0.05
AG dimensionful param that breaks dilatation inv! .
0 0.4 0.8 1.2

<G} = GU = AG o J"i}'j,,,f

In Yang-Mills (QCD wo quarks) itis:  J. Schechter et al,

1mg 4 Phys. Rev. D 24, 2545 (1981)

T

Oy gt =ThH = ——Z-
’ Y 4G

, 3 ,
0MJM _ T[f [ (g) Ge Garv # 0

JIUJ/ T

1g M. Migdal and Shifman,
Phys. Lett. 114B, 445 (1982)
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Model of QCD — eLSM with scalar Glueball J (

H~iwersytet

1 ,  1m?2 & e oo i
E = “BEF _—2 [ &%n _ (D" )T
2( kG) 4 A2 ( A 4 )

7 2
2 ( G ) To (@8] — X (T [010])2 — 2Tr [(@15)2]
G

(&) 2 [(5 2 @)

(T (@R + (R + T [H (1 + 9)]

h,
+eq[det(®) — det(DN)]? + ?lﬁ-[qn*cbm{l,#m + R, R*|
+hoTr[®L,LH® 4 R, R*®'] + 2h3Tr[®R, BT LH]

1 (aN+a-3)j%(nN+w°) af +inT K}t +iKt
= ag +im™ (on—egltitin=n) kg0 + iKO
K~ +iK™ K3° +iK° os +ins

1 anp g fuctel prdaf KT AKS

LR = = ptap  wEe g LG g0 gD
K*~ + Ky KO+iK9  ws+fis

S. Janowski, D. Parganlija, F. Giacosa, D. H. Rischke, Phys. Rev. D84, 054007 (2011)
D. Parganlija, P. Kovacs, G. Wolf , F. Giacosa, D. H. Rischke, Phys.Rev. D87 (2013) 014011
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Results of the fit/1 (11 parameters, 21 exp. quantities)

Error from PDG or 5% of exp.
Scalar-isoscalar sector not
included.

Krea =12

1J<

Uniwersytet

Observable | Fit [MeV]| |Experiment [MeV]
P 96.3 + 0.7 92.2 + 4.6
fx 106.9 £ 0.6 11064+ BB
My 141.0 + 5.8 18T 860
mEK 485.6 £ 3.0 495.6 £+ 24.8
My 509.4 + 3.0 547.9 £ 274
My 962.5 £ 5.6 957.8 £47.9
g 783.1 £ 7.0 775.5 + 38.8

M+ 885.1 6.3 893.8 £ 44.7
Mg 975.1 + 6.4 1019.5 + 51.0
May 1186 £ 6 1230 462
7 £, (1420) 18725 53| 142641713
iy 1363 £ 1 1474 + 74
My 1450 =71 1425 £ 71
| - 160.9 4.4 149.1 £ 74
Des ey 446 +1.9 AN
| o 3.34+0.14 3.54+0.18
e e 549 + 43 425 + 175
| A 0.66 + 0.01 0.64 + 0.25
iy | MLBE: 800 |  A3D-L90
L'y 266 + 12 265+ 13
Irxkn 285 & 12 270 £ 80
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arXiv:1208.0585



Results of the fit/2 (11 parameters, 21 exp. quantities)

Uniwersytet

Mmoo sis il

2
1.5 4
1t , T
. K
N 0.5 :|> +U . T { ra1 >pn
K Y U | S J = 2 L 1
% I I % @ fersss s
..,-Ci.. 0.5 - —I— EI rOL._—“’lT“r’ I ES
: A | S
1t ;
2t r K -=Kn
15} T i &->KK
25 g Kn ) K'n’:h a4 fiag 4 .
| I S B P e 5w s AW,  RRRE
0 200 400 600 800 1000 1200 1400 1600 1 10 100 1000
Mass [MeV] Width [MeV]

arXiv:1208.0585

Overall phenomenology is good (many more quantities can be calculated)
Scalar mesons ao(1450) and Ko(1430) above 1 GeV and are quark-antiquark states.
Importance of the (axial-)vector mesons.

Large-Nc: except from G, all states scale as quark-antiquark states.
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eL.SM and scalar glueballs: details J (

Uniwersutet

lney Hachenawshlega w igloach

on = (tu+dd)/V2 = fo(1370) o5 =552 fo(1500) G = gg = fo(1710)

x?/d.o.f. = 0.35
Parameter Value Quantity Fit [MeV] Exp. [MeV]
M 1444 1200-1500
Ag; 3297 [MeV Fo(1370)
L - r[ - ] M, (1500) 1534 1505 £ 6
G Lads o] e 1750 1720 £ 6
A1 6.25 f0(1370) — T 423.6 =
h1 -3 99 fo(1500) — 77 39.2 38.04 1+ 4.95
fo(1710) — 7w 28.3 29.31+6.5
Agi = C=1.8 GeV fo(1710) - KK 3.4 71.4 + 29.1




on = (tu+dd)/V2 = fo(1370) o5 =552 fo(1500) G = gg = fo(1710)

Uniwersutet

lney Hachenawshlega w igloach

Decay Channel

Our Value [MeV]

Experiment [MeV]

f0(1370) - KK 117.5 ~
fo(1370) — 1 43.3 -
fo(1370) > pp — 4x 13.8 =
fo(1500) — nn 4.7 5.56+ 1.34
fo(1500) — pp — 4Am 0.2 >54.0+7.1
fo(1710) — mm 57.9 343+176
fo(lTlﬂ] — pp — 4w 0.5 =




Gluonium content in 77' U (

Uniwersytet

Jara: Rochanowshlego w Kislmd

DO 101 140epieh 1005201013511 B R OREAN AL C 199) = S (luid) +1dd)  |s55)
Review
}77/) = cosYgsinyp |qq) + cosyg cosyp |ss)
Physics with the KLOE-2 experiment at the upgraded DA®NE +siny¢|GG),
[n) =cosyplqq) —sinyp|ss).
In general, one has a 3-body mixing. 72 = sintyc

Chiral anomaly important.
0 g Table 12 Fit to the gluonium content in n’ assuming 1% error on the
HOWGVGF, the m|X|ng ShOUld be Suppressed 1’ branching fractions. The ' — yy /7% — yy constraint is used (not

by the large glueball mass (2.6 GeV). oedyin the eft (rieht) column

withy’ — yy/n = yy without n’ — yy /7" — yy

Results not conclusive yet... zz 0.11+0.03 0.11:+0.04
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On the gluon content of the n and 1’ mesons

Rafel Escribano
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E-mail: Rafel .Escribano@ifae.es

Jordi Nadal

Institut de Fisica d’Altes Energies, Universitat Autdnoma de Barcelona
E-08193 Bellaterra, Barcelona, Spain
E-mail: jnadal@ifae.es

ABSTRACT: A phenomenological analysis of radiative V' — P~ and P — V+y decays is per-
formed with the purpose of determining the gluonic content of the 5 and 7’ wave functions.
Our results show that within our model there is no evidence for a gluonium contribution in
the 7, Z,% = 0.00£0.12, or the 7/, Zﬁ, = 0.04+£0.09. In terms of a mixing angle description
this corresponds to ¢p = (41.4£1.3)° and |¢,y¢| = (124 13)°. In addition, the n- mixing
angle is found to be ¢p = (41.5 £ 1.2)° if we don’t allow for a gluonium component.

Francesco Giacosa

1J<
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Situation not clarified yet.

According to Lattice, the pseudoscalar glueball
has a mass of about 2.6 GeV.

Mixing should be suppressed.



Glueball decays: blindness l(

~amm Uniwersytet

Jara: Rochanowshlego w Ki

Flavour blindness (widely used for the scalar glueball):

2

A

G > ar

A

G > KK

Even more: chiral blindness (could be relevant for heavier
glueballs):

2

=1

A

G — pp

A

G — a (1230 )a, (1230 )
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Glueball decay: Large-Nc U (

Uniwersytet

Jara: Rochanowshlego w Ki

Glueball masses are Nc-indipentent for large-Nc
(Just a convetional quark-antiquark mesons)

MGOCNS

Decay amplitude of a glueball into (conventional)
mesons scales as:

-1 )
AGeMle o< N FG%MIMZ o< N

c (5

Recall that for a conventional quark-antiquark state:

~1/2 -1
AM—>M1M2 <N, FM—>M1M2 < N,
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Glueball-quarkonium: mixing and large-Nc LJ (

Uniwersytet
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The picture is complicated by mixing.
A glueball with conventional quantum numbers mix with

nearby quark-antiquark states.
1q) ——
Mixing suppressed in large-Nc but phenom. relevant ‘ qq> ‘gg)
A O(]Vc_l/2 >
For comparison: <

—1
A\/g(ﬁu—i—c_id)@s < N
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Estimate of the glueball’'s width/1 LJ
Uniwersytet

Jare Hochenowshiega w Kiglsch

OZI-dominant decays of conventional
quark-antiquark mesons:

1 i _ ’
| N = and T’E"_‘fm — 148 MeV.
i¥e
r R = 157 MeV
f2(1270)—mm X N, I 2 IO~ M GRS

]' ex
- xp _ 4
IV =

rngz_lxilr]i,‘f e N and T%ﬂi?ﬁ} ed 100 MeV.

i o
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Estimate of the glueball’'s width/2 LJ (
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OZl-suppressed decays of conventional

quark-antiquark mesons:

1
e and Fj—‘?(als%)—mﬁ = 0.6 MeV

C

Ff,_",(1525)—>7r7r X

1

: , exp Ta\V

Fla—shairams O N3 and rj_/?;‘) hadrons — U-08 Mel
(=

r

OZI-suppressed 1 . OZI-suppressed & ; r
F(;Tq—>ﬂ»fﬂf X N3 and F(}q_)ﬂ._fﬂf ok 1 MeV
C

Hence, for glueballs we guess:

1
- o : : OZI-suppressed
Fegmm X N2 1 MeV ~ Tz " amum

1 1 1
: — . OZl-allowed
x 73 <Te—mm x5 < o TGq MM

c (&

Te_pmm ~ 10 MeV.
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The PANDA experiment

SIS 300
SIS 100

FRS

Y NuSTAR

1<
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Anti-
protonen-
Strahl
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