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Motivation

> Mesons can be described as quark and anti-quark bound states (q;g;)

Figure:[P.A.Zyla et al.(Particle Data Group), Prog.Theor.Exp.Phys.2020]

Study of the mesons

» quantum number 377 : p5(1690), K5 (1780), ¢5(1850) and w5(1670)

> quantum number 2T : 2,(1320), K (1430), (1270) and 1J(1525)

Py T 5 =i | =1 =0 =0 Oquad~ Otin
ud, ad, u3, ds; i if [ [
%(di—uﬁ) ds, s

1Sy 0+ m K n 7/(958) —11.3 —24.5

1¥81 177 p(770) K*(892) ¢(1020) w(782) 392 36.5

1A 17 51(1235)  Kaig' h1(1415) hq1(1170)

1*Py 0" ap(1450)  K((1430) fo(1710) fo(1370)

1P 1t a;(1260)  Kiaf £f1(1420) £1(1285)

13P 2% ay(1320)  K3(1430) f5(1525) f2(1270) 29.6 28.0

11Dy 27 my(1670)  K2(1770)1 72(1870) 72(1645)

1°Dy 17~ p(1700) K*(1680)¢ w(1650)

13Dy, 27~ K,(1820)"

1*Ds 37~ p3(1690)  K3(1780) ¢3(1850) ws(1670) 318 30.8

» missing resonances with quantum number 27~

One of the theoretical ways to investigate the mesons is the low energy effective

model of QCD which imitates the symmetry of QCD
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Symmetries of QCD

>

>
>
>

QCD Lagrangian

= [ L 1 v :
['QCD - t‘l\(qi(l’\/;( D! _mi)qi_EG/lz/ G" >s G/U/Z - D;J,AI/_DVA/L_Ig[A/u AI/]
Dy =0y — igAu, Ay =A%t [t°,t°] = if**te

Color symmetry: SU(3). — Confinement
Chiral symmetry:

U(Nf)R X U(Nf’)L = U(]-)V=R+L X SU(Nf')V X X

works in chiral limit (m; — 0)

Can be broken: 1) explicitly by and 2) spontaneously breaking to
X U(].)\/

Spontaneous breaking is the essential property of hadronic world since they
generate a mass

Dilitation invariance: x* — A~!x* is satisfied in chiral limit and classically
Quantum level — Trace anomaly

U(1)a: Classical symmetry, broken by quantum effects — Axial anomaly
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Spin-3

» Phenomenology of JP¢ = 37 tensor mesons [sh.Jafarzade, A.Koenigstein,
and F.Giacosa Phys.Rev.D (2021), (arXiv:2101.03195) ]
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Nonet transformations under the symmetries
» Mesons can be grouped to the nonets which transform under the adjoint

transformation of the flavour symmetry
» This symmetry leaves QCD lagrangian invariant under the exchange of light
quarks q; = (u, d, s) for the same m;

» Within the effective model we consider
approximate symmetry as a guide symmetry

and

Parity (P) ‘ Charge conjugation (C) ‘ Flavour (Uy(3)) ‘

|

Nonet
0-T=P —P(t,—X) P! UPU?
1= =V | V,(t,—x) —(Vr)t uveyt
2t =T | Tou(t,—X) (T4t uTyr Ut

377 = WHrrr VVW,,(t, —X) —(Whre)t uUwerve yt
0 wi v+ o *
) anﬁ at K+ ) 1,Nﬁp1 pr” Kl +u
P=— T 77N77TO KO VH = — — 1 UJ;‘J—POH *0p
V2 2 ’ N —n K
K- K Ker o ROm
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Effective Lagrangians

> Interactions with minimal number of the derivative terms
» CPT-invariance, Poincaré and U(3)y symmetry

’ Decay Mode ‘ Interaction Lagrangians ‘
’ 37— — 0 tT+4+0+ ‘ Lwpp = gwep tr[W‘“"’ [P , (6“6' 0 P)] } ‘
’ 377 — 0t +1 - ‘ Lwvp = gwyp eMVrP? tl’[ Haﬁ{ 8@868 P }+] ‘

’ 377 — 0T 27T ‘ ,CWT2,D = BWT,P Epvpo tl’[ [(8"T”a 6"8’3P ] }

> Decay rate with momentum |ka 5| = s/ (MY, — m3 — m2)2 — 4mZm%
K,
(W — A+B) = | A-@' X | —iM|? x ki x O(my — ma — mp)
8mmyy,
1 2

’ Decay Mode ‘ 7 x| —iM| ‘

L 6
’ 3~ —0"+0°" ‘ 8ivpp % 2|kP315P2| ‘

6 2
’ 3~ —0T+1 ‘ Banp x T ‘

L. 4 2
o —r 4t 2 2|kt p|* my, D 2 2
37T 02 8wrp X —mitos (2lkTpl” + 7M7)
2

Shahriyar Jafarzade (Jan Kochanowski University of Kielce, Poland) 6/17




Results for W — P + P
> Two pseudoscalars decay gypp tr| WP [P (0,0,0,P)] |

> For the coupling constant g&pp, experimental results 2 and errors on them
s =2
Ag?, AE? we define x2 = SV, (E8)

i=1 " AZ?
» Minimizing x? with respect to coupling ‘?g =0 leads to
52
Z,I'Vzl % 1
g\%\/PP = N7i=’17 Agl%VPP = |\<sv 1 gﬁvpp =(15+0.1)- 10_1°(MeV)
’ Decay process (in model) ‘ Theory (MeV) ‘ PDG (MeV) ‘
p3(1690) — 7w 32.7+23 38.0+£3.2+ (23.6 £1.3)%
03(1690) — K K 4.0+0.3 2.54 4 0.45 +» (1.58 + 0.26)%
K;(1780) — 7 K 185+1.3 20.94+ 4.3 « (18.8 £ 1.0)%
K;(1780) — K n 74406 47.7+21.6 < (30 £13)%
| w3(1670) — KK | 30£02 | \

| $5(1850) — KK | 188+14 | seen \
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Results for W — V + P

» Vector and pseudoscalar decay gyyyp &7 tr[ ol g{

(0°0°0,P)} ]

///)
p3(1690) — p(T?O) n 3.8+08 seen w3 (1670) — p(??(]) 97 + 20 seen
pa(1690) — K*(892) K 34407 ws(1670) — K~ (892) K 29+06
pa(1690) = w(782) T 35.84+ 7.4 258 +9.8 w3(1670) — w(782) 2.8+ 0.6
pa(1690) — H(1020) 7 0.036 + 0.007 ws(1670) — $(1020) 1 (7.6 + 1.6)-107°
K3(1780) — p(770) K 168+ 3.5 49.3+ 157  ¢3(1850) — p(770) 7 L1+02
K3(1780) — K™ (802) w 272456 31.8+£0.0  ¢a(1850) — K*(892) K 355+7.3 seen
K3(1780) — K*(802) ¢ 0.09 £ 0.02 ¢3(1850) — w(782)n 0.015 + 0.003
K3(1780) — w(782) K 43+09 $3(1850) — w(782) 7 (958)  0.003 + 0.001
K35(1780) — ¢(1020) K 12403 3(1850) — ¢(1020) 7 3.8£08

> Radiative decays V,, — V., + =

o FuwQ where Q = diag{2/3,-1/3,

I/keV  w3(1670) — y 7" 560 4+ 120
S2/0(1690) — 4 70 69+£14 w3 (1670) — 7 19+4
P3(1690) — 71 157 £32  ws(1670) — v77'(958) 14£03
P3(1690) — v 1 (958) 20+4  ¢3(1850) = y7° 4+1
K3 (1780) — v K* 58412 ¢3(1850) — 77 129 + 26
K3(1780) — 7 K° 231448 3(1850) — 97/ (958) 3BT
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Shahriyar Jafarzade (Jan Kochanowski University of Kielce, Poland)

» Comparison to Lattice QCD data [C.Johnson and J.Dudek (arXiv:2012.00518)]

’ Decay process (in model) ‘ Theory (MeV) ‘ LQCD (MeV) ‘
p3(1690) — K*(892) K + c.c. 3 2
03(1690) — w(782) 7 36 22
w3(1670) — p(770) 97 62
w3(1670) — K*(892) K + c.c. 2.9
w3(1670) — w(782) 2.8 1
$3(1850) — K*(892) K + c.c. 36 20
$3(1850) — $(1020) 7 4 3

> Results of tensor-pseudoscalar gw7,p 00 tr[W{/\"g [((’)“ V), (070 ;P)} }

theory experiment
decay process
I'/MeV r/MeV
p3(1690) — a2(1320) = 20.9+8.7 seen
K3(1780) — K3(1430) 58+24 < 254+34

K3(1780) — f2(1270) K (5.4+22)-107°
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Spin-2

» “Tensor mesons within extended Linear Sigma Model” [Sh.Jafarzade,

A.Vereijken, M.Piotrowska and F.Giacosa, (arXiv:21lxx.xxxxx) ]
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Extended Linear Sigma Model (eLSM)

» Fermionic (zero quark mass) part of the QCD lagrangian is invariant under
global U(Nf) x U(Nf)r — TT(C_I,',L(I'D)CI;,L + Gi,r(iD)qi,r
» Chiral invariant lagrangian for ® := " _¢,T? with T? generators of U(N¢)

£=Te{@, 000} - m1e{ot0} —nT{(0ter) — r(Tr{ole})’

> Extension of the Linear Sigma Model to (axial)-vector mesons in [D.
Parganlija, F. Giacosa, et al. PRD 87 (2013) 014011]

8 8
[ — H I i [ 1 w : o .
L= (VI AT R= D (V= AT, D0 = 0,0 — ig[L,® — OR,]
i i=0
» Mesons within chiral nonets
s L lowtalfnin) o +in Kyt +iK*
=) (Si+iP)T;=— g +inm i) oo o
=0 Ky~ +iK R +iRO a5 +ing
s e e AR SR AN
L' = Z(\'+1')1—7_7 o +ay ;;_,!4,\”.,\“
‘ K+ K; Vi 4 R ws+t fis
u 1 _\\Eﬁ’“—\ﬁ-‘ pt—ay K-k \"
RSV -ADT= 5| oy st Lend g gy
=0 K~ — K[ Vi 1\;' ws — fis
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Spin-2 mesons within (eLSM)

> Extension of the Linear Sigma Model to (axial)-tensor mesons in

8 8
LA =Y (T + AT, R =Y (TH = AT,

i=0 i=0

[ Nonet [ Parity (P) [ Charge conjugation (C) [ Chiral symmetry |

®(t,x) | of(t,—x) ®t(t, X) U o UL
RE(t,%) | Lu(t,—X) —(L#(t, X))t UrRM U},
L(t,%) | Ru(t,—x) —(R*(t,X))* U LU}
R™ (t,%) | Lu(t,—X) (L' (t,X))" UrR™ U},
L"(t,%) | Ru(t,—X) (R (t, %))t U L™ U]

Table: Transformations of the fields

» Chiral and dilatation invariant with A := diag{dn, dn, ds}
22

hten
L= Tr{( 2t A)(12, +R2 )} + TH{OTOYTH{L L, + R R, }+

+hRETH{OTL* L, & + OR*R,, T} + 2R " Tr{OR* OTL,,, }
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Results and Conclusion
» Mass splitting relations for spin-2 mesons

2 2 _ ten (2 2 ten 2 _ ten ;2
p2 ax T —h3" o, o — ! 7Kz \/>h Pnos, N st My, s = 2h3" ¢
2 _ 2 2 2
Moy = My s May = M,

’ Resonance ‘ Mass (in MeV) ‘ Resonance ‘ Mass (in MeV) ‘

a,(1320) 1317 p2(?) 1661
K3 (1430) 1427 K3 (1820) 1819
£(1270) 1315 wan(?) 1661
£](1525) 1522 wa,5(?) 1966

» T, —P+P, AA— V+P
£ = g(Tr{Lu L L") + Tr{Ru R R"})

> T2*>V+P

Lo=a tr[al‘ LY L, Lo + O"RYR, F?W] —a tr[@“Rm RuyRo + 0" Lo,
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Two pseudoscalars decay

tl 85 |kP |5
rTz—>P 1>+P(2)(m727 Mp ), Mp@e) = W X ki X ©(m1, — mpw — Mp)

[ Decay process (in model) | eLSM [ PDG-2020 ]
a»(1320) — K K 7.40 +£0.14 7.0773 < (4.9+£0.8)%
2,(1320) — 71 2312 +045 | 185+3.0« (145£1.2)%
2,(1320) — 77(958) | 0.92 £0.02 | 0.58 £ 0.10 <> (0.55 & 0.09)%

| K;(1430) — 7 K | 40.84+0.79 | 49.9+1.9« (49.9+ 0‘6)% |
£(1270) — K K 12.22 +0.24 8.5+0.8 < (4.653)%

£(1270) — 77 150.65 + 2.92 157.2779 « (84. 2+2 )%
K(1270) — 117 059 +0.01 | 0.75+0.14 (O4i0 08)%
£/(1525) — KK 85.58 + 1.66 75+ 4 < (87.6 £2.2)%
£/(1525) — nn 0.63£0.01 | 0.71+0.14 + (0.83%£0.16)%
(1525) — 77 1.63 £ 0.03 09+19« (116 £2.2)%
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Vector+ Pseudoscalar Decay

» Decays of 27 mesons

’ Decay process ‘ eLSM PDG-2020 ‘
,(1320) — p(770) 7 75.32£2.80 | 73.61 £3.35 > (70.1 £2.7)%
Ky (1430) — K*(892) 20.34 £1.09 | 26.92+2.14 +» (24.7+1.6)%
K; (1430) — p(770) K 497 +0.18 | 9.48+0.97 <> (8.7+0.8)%
K3 (1430) — w(782) K 1.74+0.06 | 3.16+£0.88 < (29+0.8)%
£(1525) — K*(892) K + c.c. | 8.72+0.32
KF(1430) — v K* 0.68 + 0.03 0.24 +0.05
a3 (1320) — y ot 1.08 +0.04 0.31+0.03

» Some predictions for missing 27~ resonances
[ Decay process (in model) | Theory (MeV) |
p2(?) — p(770) 1 87
02(7) — K*(892) K + c.c. 77
p2(?) — w(782) 7 376
0p2(7) — $(1020) 0.8
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Summary and conclusion

» Phenomenology of the spin-3 and spin-2 mesons is studied
> Tree level decay rates are overall agreement with the PDG data

» SU(Nf = 3)y approximate symmetry is considered as a main symmetry for
effective model for studying spin-3

» Simple model results for spin-3 are qualitatively similar to advanced lattice
QCD

» We predict some values for decay rates which can be tested in future GlueX
and CLASI12 experiments at Jefferson Lab

> For spin-2 we use the zero-quark mass symmetry of QCD - U(3). x U(3)r

> Mass prediction for missing p»(?) is near to [S. Godfrey and N. Isgur PRD
(1985) 32, 189 ]
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Thank you for the attention!
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