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The QCD Lagrangian

- Contains ‘colored’ quarks and gluons but no‘colored’ states have been appeared

- if all quark massless then we have chiral symmetry
U(Nf)r XU(Nf)l o SU(Nf)r & SU(Nf)l xU(D), xU(1),

- Spontaneous breaking of chiral symmetry by quark condensates.
- Explicit breaking of global chiral symmetry by quark masses and chiral anomaly.

 Effective chiral models of (QCD).

- Linear Sigma Model
- Non-Linear Sigma Model
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Decay of the
pseudoscalar glueball



A globally chirally invariant for three tlavours

Interaction Lagrangian for the pseudoscalar glueball with vector, axial-vector, scalar and
pseudoscalar mesons

Lsa @ =icGTr[Ly, (0"® .97+ &.9"97) — R, (9"®7. 0 + @7 .9"®)] ,

where c¢ 1s a dimensionless coupling constant and ® reads for three flavours, N, =3 :
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W. 1. Eshraim, Eur. Phys.J.C 83 (2023) 3, 262 [arXiv: 2005.11321 [hep-ph]]
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https://arxiv.org/abs/2005.11321

The vector V¢ and axial-vector A%, degree of freedom, are presented in the following lift-
and right handed matrices, L, and R,

wy +p° fin +af + + ¥ -+
(V@ 15 A9 40 _ . O — o -
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W. 1. Eshraim, Eur. Phys.J.C 83 (2023) 3, 262 [arXiv: 2005.11321 [hep-ph]]
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Glueballs

Lattice QCD calculation
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[C. Morningstar and M. J. Peardon, AIP Conf. Proc. 688, 220 (2004)
[arXiv:nucl-th/0309068]];
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Two experiments related to our work:

1. PANDA experiment at FAIR facility.
It will be capable to scan the mass region above 2.5 GeV.

2. BESIII experiment.
The resonance X(2370) could be a pseudoscalar glueball

with a mass 2.37 GeV.



Branching ratios for the two-body decays of the pseudoscalar glueball

Quantity Case (1): Mz =2.6 GeV|Case (ii): Mz = 2.37 GeV
Lok /Tasmm 0.00026 0.00031
i aqn/T éosmnn 0.1913 0.1858
Co ki /Tasmm 0.1745 0.1595
L, po13mom /L Gosmm 0.0374 0.0349
L'é s to1500)/F Gosmn 0.00399 0.00325
Lo, toroopm/L Gommn 0.00265 0.00134
Lo, oaamom /L Gommn 0.00837 0.00343
FC—)fQ(lSDD)q/ G 0.00999 0

W. 1. Eshraim, Eur. Phys.J.C 83 (2023) 3, 262 [arXiv: 2005.11321 [hep-ph]]
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Branching ratios for the three-body decays of the pseudoscalar glueball

Quantity  [Case (I: Mz = 2.6 GeV[Case (i} M = 237 GeV
Y 04654 0.30%

Tk e 09126 08553

P 0.0038 0.0031
S | P I N E/ 007157
V- 000012 0000087

| 0.0253 00102

T Maonen | UOD000I2 ]

W. 1. Eshraim, Eur. Phys.J.C 83 (2023) 3, 262 [arXiv: 2005.11321 [hep-ph]]
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Decay modes of the
excited pseudoscalar glueball



Interaction Lagrangain for the excited pseudoscalar glueball

with a pseudoscalar glueball and the ordinary scalar and pseudoscalar mesons

L2 = cae GG Tr (210)

with a scalar glueball and the pseudo(scalar) mesons
Egé = icéG(I)éG (detq) - detfbf)
with scalar and pseudoscalar mesons
L2 = icaeG (det® — det®T)

where CE;cp 1s a dimensionless coupling constant and @ for three flavours, N, =3

Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].
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Results

Branching ratios for the decay of the excited pseudoscalar glueball into the
pseudoscalar glueball

Quantity The theoretical result
T /LS 0.0277
I‘ééG,m/th’f 0.9697
N 0.0026
Cis /TR 0.000012
The branching ratio for the decay of the excited pseudoscalar glueball into

charmonium state
/T& =0.001

G—)ncﬂﬂ'

Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].
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Branching ratios for the decays of the excited pseudoscalar glueball

into PS and scalar-1soscalar states as well as 7 and 77

Case (i):£27,

The theoretical result

Case (ii): L2

The theoretical result

Céann /I‘W 0.0325 Césann /Pf"t 0.0313
Téo ks /I‘“t 0.032 Téxks /F“’f 0.001
L& nfo(1370) /r“’t 0.00004 T & _onfo(1370) /r“’t 0.0014
Ly f0(1‘370)/ tOt 0.043 Loy ' f0(1370) tOt 0.031
L&y o (1500) /rtot 0.0068 L&y o (1500) /rtot 0.0067
TG’ £ (1500) /I‘t"t 0.0219 L& £ (1500) /F“’f 0.0214
L& yno1710)/ TG Tt 0.0008 L& ynio1710) /TG “’f 0.0007
L& s fo(1710) /I‘t"t 0.001 Césn fo1710) /TG, i 0.001

Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].
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Branching ratios for the decays of the excited pseudoscalar glueball

into scalar-1soscalar states
and (pseudo)scalar mesons

Walaa I. Eshraim, Stefan Schramm, Phys.Rev.
D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].

Case (i):L2Y,

The theoretical result

Case (ii):L2]

The theoretical result

FGH,IM/FW 0.095 I‘G%M/I‘f"t 0.1376
e 0.111 T mn /T 0.1069
Uovaoxis/L i 0.0026 Coraprrca/ Lo, 0.0025
L& nagao/T'é 0.0001 T aan /TS 0.0001
Léanroisrn /T, 0.0003 F(*—mowfo(l%m)/FtOt 0.0003
LG agmfo(1500) /FM 0.0034 L6 agmfo(1500) /Fwt 0.0032
UG agnfo(1710) /Fwt 0.0001 FG—)aoﬂ‘fO(l710)/Ft0t 0.0001
FG—mfn (1’570)/Ft0t 0.0003 FG—mfn (1370)/Pt0t 0.001
Lo szasm /T, 0.03 x 10~° L r2asm0)/LE, 0.006 x 10~°
Fc—mfn (1500) /Fwt 0.00004 Fc—mfn (1500) /Fwt 0.00001
FG—)v;fo(l’&?O)fo(lSOO)/FtOt 0.00003 PG—M,fO(l??O)fO(l%OO)/FtOt 0.0001
PG—>7)fo(1370)f0(1710)/Fwt 3.798 x 10~° PG—>r/fo(1370)f0(1710)/Pwl 7.25 x 107°
FG—)KKng(l’&?O)/F ot 0.0025 FG—)KKgfg(l‘%?O)/F 0.0025
Ué ki f0(1500)/Fwt 0.00013 FG—)KKng(l")OO)/Fwt 0.00013
I‘G—HKKSfo(1710)/Ft0t 6.2 x 107° FG—)KKng(NlO)/FtOt 4.75 x 107°
Lo krn/Té, 0.0668 Lo icren/ L 0.0643
Vo rcren /T, 0.045 T xcrcn /rtot 0.044
Lo isran/L o, 0.0002 Téroran/ T 0.0002
FC_,,,;/FM 0.024 PG_”);/FM 0.0233
Loous /T8, 0.0048 Toys /Lo 0.0046
Ua 2 /TG i 0.005 T2 /Ft“t 0.0048
FGH,,Izn/F““ 0.0035 Ty /T2 0.0034
Peskx/TE, 0.489 Tés xmn /rfof 0.471
U korsn/ th’i 0.002 T Ko Kan /F“’j 0.0057
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Conclusions

1. Construction of the interaction Lagrangian for the pseudoscalar
Glueball with light mesons.

2. Decay of the pseudoscalar glueball.

3. Construction of several interaction Lagrangians for the excited
pseudoscalar glueball with a scalar glueball and (pseudo)scalar mesons

4. Decay of the first excited pseudoscalar state.
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