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Introduction

e Quantum Chromodynamics (QCD)
- Symmetries of the QCD Lagrangian.
If all quark massless then we have cha@ghmetry

U(N;), 2 U(N;) =SU(N;), 2 SU(N; ), 2 U@, 2 U(@),

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

e Effective chiral model s of ( QCD
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Decay modes of the excited
pseudoscalar glueball

T



Interaction Lagrangain for the excited pseudoscalar glueba

with a pseudoscalar glueball and the ordinary scalar and pseudoscalar mesons

Elé; = C@@ééf Tr (@T(I))

with a scalar glueball and the pseudo(scalar) mesons

Eg‘é — icéG@éG (detq) — det@f)

with scalar and pseudoscalar mesons

ﬁg’é — icé@é (detfi) — det@*)

Walaa I. Eshraim, Stefan Schramm, Phys.R&& (2017) 014028[arXiv:1606.022071hep-ph]].
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where CéF Is a dimensionless coupling constant and U reads for three flavours, N.
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Lattice QCD calculation
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[C. Morningstar and M. J. Peardon, AIP Conf. Proc. 688, 220 (2004)
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Glueballs
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m, (GeV)

0

The pseudoscalaglueball J * | g k¢ atthe
borderwithin light andheavy

M. =26 GeV,J™=0", | =0.

G

Thefirst excitedpseudoscalaslueball

M_ =37Gev,J"=0"".

G



Results

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

Quantity The theoretical result
Lo axx/TE 0.0277
Lo armn/Ta 0.9697
Loy /TE 0.0026
F(?—}c?f-r;r;/rtot 0.000012

The branching ratio for the decay of the excited pseudoscalar glueball

INnto charmonium state /Ftot — 0.001

G—}n T

BESIII PANDA!

Walaa I. Eshraim, Stefan Schramm, Phys.R&& (2017) 014028[arXiv:1606.022071hep-ph]].
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Branching ratios for the decays of the excited pseudoscalar gluebal

into PSand scalafsoscalar states as well &  and

Case (i): E””t The theoretical result| Case (ii):ﬁgﬁ The theoretical result
Céagn /I‘*"* 0.0325 Cévagn /L 0.0313
Caxxs /I“f“‘t 0.032 Ta,kks /F““* 0.001

T &y fo(1370) /P*Df 0.00004 T &m0 (1370) /F“’f 0.0014

Pasy fn(l’i?[])/ wt 0.043 L on f1370) m 0.031

Céymfo(1500)/ L5 ﬁﬂf 0.0068 T ynso(1500) /L5 tﬂ* 0.0067

Pa f‘.n(1500)/Fwt 0.0219 e, fg(lSﬂ())/Fmt 0.0214

L ynfo1710)/T s 0.0008 Céynsoir10) /T 0.0007

FG‘—H} fﬂ(l?lﬂ)/rwt 0.001 Fc“f—m fg(l'?l())/ m 0.001

Could be measured by BESIII and PANDA!

! Walaa |. Eshraim, Stefan Schramm, Phys.R&& (2017) 014028[arXiv:1606.02207hep-ph]].




Branching ratios for the decays of the excited pseudos

INto scalatisoscalar states
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C&SC ( ) Emt

The theoretical result

Case (ii):L27

The theoretical result

and (pseudo)scalar mesc

Walaa |. Eshraim, Stefan Schramm,

Phys.Rev. B5(2017) 014028

[arXiv:1606.02207hep-ph]].

Could be measured by

BESIII and PANDA!

Lonmn/T e, 0.095 Téymn r;;j 0.1376
NSTey W/F*"f 0.111 Tonimn T 0.1069
tot tot
FC‘—)‘(LQ}{I{:;/ 0.0026 F(*_}QDI{I(S/ 0.0025
L' nagan /L ¥4 0.0001 Léymanan /T2 ot 0.0001
L& aorfo(1370) /FM 0.0003 U aomfo(1370) /FM 0.0003
UG s agmfo(1500) /Fmt 0.0034 Ué s agmfo(1500) /Fwt 0.0032
tot tot
P(“—)aowfn(1710) /F 0.0001 F(‘—>an7rfg(l?10)/[‘ 0.0001
F(*—w,.f0 (1370) /Fwt 0.0003 F(‘—w,:fn (1%?0)/Fwt 0.001
ey fn(n?())/rtm 0.03 x 107° L,y f0(1370)/[‘wt 0.006 x 10~°
Céunr2(1500)/ Lo 0.00004 Céynr2(1500)/ Do 0.00001
tot tot
PC“—Hrfo(l’i?O)fo(l”JOU)/Ft 2 0-00003_6 FC“—W;fO(l'%?O)fO(l%OO)/Pt t 0-0001_6
P0—>r;fg(l‘370)fg(1710)/ 3.798 x 10 FG—W{fo(lS?O)fo(l?lO) Ga 7.25 x 10
F(*—>1{Kgf0(1370)/r 0.0025 F("*—H!«r}f(qf‘g(m?o)/Pmt 0.0025
tot tot
FﬁeKquomom/Fm 0.00013 Fm,mcqfo(mo)/lﬂm 0.00018
Léo ks rano/Té 6.2 x 10 U ki rom10)/Té 4.75 x 10
Lookrn/TE, 0.0668 Tokkn/L o 0.0643
Uoxron /TS 0.045 I /[‘m 0.044
tat tot
F(*-;KgKgn/ 0.0002 P(*—;Kgf(gr,/ 0.0002
Las /P“’t 0.024 m,} /Fm 0.0233
Cays/ F“’t 0.0048 Cayys /I‘“’t 0.0046
Laypime /[‘“’t 0.005 Loy ”2/I‘m 0.0048
Caynzy /I‘ff; 0.0035 Céynrzy /thj 0.0034
PC—)I(I{W/FtOt 0.489 F(‘_,,I(I(?T/Ft()t 0.471
P(‘—)KSKSW/ wt 0.002 F(*-;Kg}{gn/ tOt 0.0057
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Charmed mesons
In the extended Linear Sigma Model




 The number of fields in the model

e For Nf =

/

AN 2+ 2 fields

4 there are 66 fields: 64 quark-antiquark fields + one pseudoscalar glueball G

Charmed mesons in the model

+one scalar glueball G

5 D, Y D,(2400Q°
b) D, Y D,(2400
D, DL Y DL, (231F
he Y he(1S) c. Y c.(1P)

e

DY

D" (200%° DY D,(242(Q°

D" Y D'(2010° D, Y D,(2420°
D, D, Y Dy (2536
Jiy Y Jly@1S) CuY Cu(1P)

W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys. J. A51 (2015) 112 [arXiv:1405.5861 [hep-ph]].



Including charm degree of freedom

1) Pseudoscalar fields: 2) Scalar fields: o T+ dd
5y + ) 1 mt ) K:: DY %@Jr ag 1 K;© Dg°
p= L | T wlwom) RO g 1 7 DA
D Dt DE n. =0 Do+ Q

0 snp X0

Themultiplet of the scalar angdseudoscalajuarkantiquark state§ = S+ IP

3) Vector fields: 4) Axial vector fields:
%(mw+{lﬂ) pr K*(892)t D*0 \” ;}f@(fl,w+fl[1]) ui" I{f' D? :
L oo T(ww—p) K*(892)° D*- o L ay S5(fin—al) K} Dp
2| K892 K*(892) ws DY V2 Ky KY fi.s Dg
D" D A Dy Df  D§ Xe
The lefthanded matrixL” =V 7+ A” and the flgdrided matrixR” =V "7- A”

W. I. Eshraim, PoS QCD -TNT-111 (2014) 049 [arXiv:1401.3260 [hep-ph]];
‘ W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys. J. A51 (2015) 112 [arXiv:1405.5861 [hep-ph]].



Linear Sigma Model Lagrangian with (axial-)vector meson

cg) Th(@10) - i [Tr(#18))* - ), To(81)°
0

+ T { (é’;) ”f QEN)Z +(RM?] } + To[H( + <I>H]< ) Tyl 3!

- ' s
-7 Te[(L*)* + (R*‘-”)Z}@m — det®") 2% ic G (det® - d@ a?{Tr(LW[L“ ')

h
+ %Tr(@@)Tr[(L”)z + (R + hy Ti[(®R")* + (L'®)%) + 2h3Tr(®R, DT L¥) + Te(R,, [R*, R']))} +

where L 4;; is the dilaton LCagrangian,

L =Ly + T[(D ‘“‘I’) (D"®)] - m (

1 s 1mZ ( .. G G*
Lail = 5(8”6’) 12 (G IHF I

D.Parganlija, P.Kovacs, G.Wolf, F.Giacosa and D.H. Rischke, Phys. Rev. D 87 (2013) 014011 [arXiv:1208.0585 [hep-ph]];
- W. I. Eshraim, PoS QCD -TNT-111 (2014) 049 [arXiv:1401.3260 [hep-ph]].




Spontaneous Symmetry Breaking (SSB)

Shifting the fields
G — G+ Gyl ‘JN—>0'N+¢’N os — 05 + @5

271 fr — ON
here, _ 24 N0 N
W ¢N=meﬁ QE'S— \/ﬁ

D. Parganlija, P. Kovacs, G. Wolf, F. Giacosa and D. H. Rischke, Phys. Rev. D 87 (2013) 014011 [arXiv:1208.0585 [hep-ph].

ForN¢«= 4 new shift

XOO —) XOO + (;DC W. I. Eshraim, PoS QCD -TNT-111 (2014) 049 [arXiv:1401.3260 [hep-ph]];
h W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys. J. A51 (2015) 112
where [arXiv:1405.5861 [hep-ph]].
_2Zpfp - o Zne fne

oc =\V2Zp, fp, — ¢s =

V2 V2

There are 29 eqs. of square masses of mesons with 15 unknown parameters.

.




The values of th&l:= 3 parameters

Parameters

Parameter Value Parameter Value
mi 0.413 x 10° MeV*~ me —0.918 x 10° MeV*
pe/2 450 -107° MeV = ds 0.151 x 10°MeV=
g1 5.84 hq 0
ho 9.88 hs 3.87
ON 164.6 MeV @s 126.2 MeV
A1 0 Ao 68.3

The new three parameters fdk= 4 are/.,d-, &-

By fit with X

/d.of=1:

[D. Parganlija, P. Kovacs, G.
Wolf, F. Giacosa and D. H.
Rischke, Phys. Rev. D 87
(2013) 014011
[arXiv:1208.0585 [hep-ph]].

= y’/d.0of=1.23

oc = (176 £28) MeV, dc = (3.914 0.36) x 10° MeV?, e¢ = (2.234 0.71) x 10° MeV? .

W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys. J. A51 (2015) 112 [arXiv:1405.5861 [hep-ph]].
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Masses of (0

Results
nen and hidden) charmed mesons:

Resonance [Quark content |J* [Our Value [MeV] |Experimental Value [MeV]
DY UC, uc 0~ 1981 £ 73 1864.86 = 0.13
D3 SC, §¢ 0~ 2004 £ 74 1968.50 % 0.32
ne(15) cC 0= 2673+118 2983.7 £ 0.7
Dy (2400)" uc, uc 0" 2414 + 77 2318 £+ 29
D%, (2317)* SC, §¢ 0 2467 £ 76 2317.8 £ 0.6
Xco(1P) CC 0" 3144 + 128 3414.75 £ 0.31
D*(2007)" uc, uc 1~ 2168 £ 70 2006.99 £ 0.15
D? S¢, 8¢ 1~ 2203 £ 69 2112.3 £ 0.5
J/P(1S) CC 17 2947 £ 109 3096.916 + 0.011
D (2420)" uc, uc 1 2429 + 63 2421.4 £ 0.6
Dg1(2536)* SC, §¢ 1+ 2480 £ 63 2535.12 £ 0.13
X1 (1P) ce 1T 3239 + 101 3510.66 £+ 0.07

W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys. J. A 51 (2015) 112 [arXiv:1405.5861 [hep-ph]].

W. I. Eshraim, PoS QCD -TNT-111 (2014) 049 [arXiv:1401.3260 [hep-ph].




Mass difference and decay constants

The mass difference of the squared charmed (agitor mesons

mass difference|theoretical value MeV? |experimental value MeV~
mp, — Mmp- (1.2 +0.6) x 10° 1.82 x 10°

my., —m5,, | (1.8 +1.3) x 10° 2.73 x 10°

mpg, —mp: | (1.2£0.6) x 10° 1.97 x 10°

Weak decay constant dp, Dg, and f, .
fp=(254£17) MeV |, fp, = (261 £17) MeV , f,. = (314 £ 39) MeV.

[Exp. value =206.7£8.9] \ev [EXp. value= 260.5£5.4] \jev, [Exp. value= 33575 MeV

W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys. J. A51 (2015) 112 [arXiv:1405.5861 [hep-ph]].
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Decay widths of open charmed mesons:

Decay Channel

Theoretical result [MeV

Experimental result [MeV]

D;(2400), =P =D " + Dn" 139735 Dt n~ seen; full width I' =2

D;;(2400)T S Pr—=—Ptele D7 5170 DT 7Y seen: full width: I =28
D*(2007)" — D"x" 0.025 + 0.003 seen; < 1.3
D*(2007)" — Dt n~ 0 not seen
D*(2010)T — D0 0.0187 4 003 0.029 4 0.008
D*(2010)T — Dz 0.03875 0os 0.065£0.017

D;1(2420)° — D*m = D*Tn~ + D*'7 6575, D*Tr~ seen; full width: ' =27.4£25
D1(2420)" — D"rr = D"~ + Dn"7" 0.59 £ 0.02 seen
D1(2420)° — D= 0.217000, seen
D1(2420)Y = D w™ 0 not seen; ['(DT7 ™) /T(D* ™) < 0.24
D1(2420)" — D*nr = D*Ta” + D" 6575 D*7T seen; full width: T =25+ 6
D1(2420)T - Dtar =DVt + DT a'xY 0.56 igg.UQ seen
D1(2420)7 — Dn"n™ 0.22 +£0.01 seen
D1(2420)t — D'# ™ 0 not seen; I'(D7 ™) /T(D*'7T) < 0.18
Ds1(2536)T — D*K = DK™ + D*TK?Y 2577F seen; full width T' = 0.92 £ 0.03 £ 0.04
Dg1(2536)T — DTKY _— o not seem ~—
Ds1(2536)T — +D'K™ S~— () not seen —

.

W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys. J. A51 (2015) 112 [arXiv:1405.5861 [hep-ph]].




Decay widths of hidden charmed mesons:

1) Decay widths of (axiajvector charmonium state€s,, =0 and G,
2) Decay widths of a pseudoscalar charmonium st@te ()

Decay Channel

theoretical result [MeV]

Experimental result [MeV]

Fr‘j\c—}?‘;j{' 0.01 -
Cye—saon 0.01 ]
. fo(1370)9 0.00018 -
L'y — fo(1500)9 0.006 -
Ly s fo1710)7 0.000032 _
Ly = fo(1370) 0.027 _
L. fo(1500)n’ 0.024 _
Ly o)y 0.0006 -
Ly —nnm 0.052 -
Ly.—mowy 0.0023 _
Ly e—nam 0.44 _
Ly —ninn 0.0034
L sk 0.15 0.32+0.17
| N 4 0.41
Ly s 0.12 0.54%0.18
Ly m 0.08 1.3£0.0.6
Frj'c —+ K K 0.095 -




Decay width off’c Into a pseudoscalar g

BESIII: m — 237(C MeV
—— = 0.1.6MeV

(37 — Could be measured by
C- Gpp Fo a :

-
—— = 0.1.24Ve

Lattice QCD calculations:

"
27 — 3
................ . 2 q
rrrrrrrrrrrrrrrr 1—
3 4
I
_______________ 1 I
I

m, (GeV)

m; =260CMeV

W. 1. Eshraim and C. S. Fischer, Eur.Phys.J. A54 (2018) no.8, 139
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Decay Channel

theoretical result [MeV]

Experimental result [MeV]

Decay widths of a pseudoscalar charmonium stée):

T

T, oo 0.004 - . : .
- Lm; 0.005 - Decay Channel |theoretical result [MeV| |[Experimental result
XD —HR1I) i ) !
L'\ o =1 0.022 0.031%0.0039 Yeo KL K20 0.01 0.01£0.0047
e, 202 D020 0055 L\ o ok-Kc+ 0.05 0.0610.007
S 000007 ' R 0089 0.08820.0092
Xeo— " EI: ) - =3 = =
[y o—pp 0.01 - Yoo K#0 0.0175 0.017£0.0072
pLo~thUIT (IS o =0 Do s 0.01 0.00090.0017
L'\ co—5 fo(1500) fo(1500) 0.004 <0.0005 ann—?qéqé 0.004 000R1Z0.0013
L'y o= £0(1370) fo (1500) 0.000004 <0.001 r 0005 T0R3E0.0553
FXcﬂ—?fﬂ{lﬁ?ﬂ,] fo(1710) 0.0003 0.0069+0.004 Y o0 —}J,_*II-K— . t « LIS . t
Fx.:n—?fﬂ{lﬁﬂﬂ,]fﬂ{l?lﬂ,] 0-00004 {O-GDUT
Ty ook K 0.008 x
Uy ok Ky 0.004 N
ll:x c0— fo(1370)n7 O{jﬂﬂﬂgﬂ‘? :
Y eo —+ Jo(1500)nn I -
Fx.:n —+ o (1370)n'y’' 0.0027 _
L'y o= fo(1370)nn 0.000089 - W. 1. Eshraim and C. S. Fischer, Eur.Phys.J. A54 (2018) no.8, 139
'y o = fo(1500) 3y 0.011 -
L'y o= fo(1720)m1 0.00008 -
[y o —f(1710)n 0.00003 -




Conclusions

2. Decay widths of the first excited pseudoscalar glueball in cas

N, =3 andN, =4

3. Linear sigma model witk, =4  and vector and ax@tor mesons.

3. Masses of (open and hidden) charmed mesons.

4. Decay widths of (open and hido

en) charmed mesons.



Outlook

1. Study of thechirally symmetric model with vector and axxaéctor mesons in
the case of isospin breaking fér =3 at nonzero temperangeifg.

2. Hybrid phenomenology in a chiral symmetric moawigoing.
3. Study of the light tetraquark nonet and its extensiof ta! ongo(ng.

4. Study the scattering of glueballs.

I /Q(\O;{\\&~ \50\% S



