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Introduction The model The Results Conclusions

Motivation

Understanding of hadronic resonances.

Study the decays of two nonets of excited vector mesons

predominantly corresponding to 13D1 and 23S1.

Making predictions for s̄s state in 13D1 nonet.
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JPC classi�cation

State S L J P C JPC Mesons Name
1S0 0 0 0 - + 0−+ π η η′ K pseudoscalar
3S1 1 0 0 - - 1−− ρ ω φ K∗ vector
1P1 0 1 1 + - 1+− b1 h1 h′1 K1 pseudo-vector
3P0 1 1 0 + + 0++ a0 f0 f ′0 K∗0 scalar
3P1 1 1 1 + + 1++ a1 f1 f ′1 K1 axial vector
3P2 1 1 2 + + 2++ a2 f2 f ′2 K∗2 tensor

Not all quantum numbers are permitted for a quark - antiquark

states.

JPC = 0+−, 1−+, 2+−, · · ·

are exotic quantum numbers.
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PDG quark-antiquark listing/1
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PDG quark-antiquark listing/2
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Introduction The model The Results Conclusions

Decays of excited vector mesons

Type of excitation Radially excited Angular momentum excited

vector mesons vector mesons

Quantum numbers n 2S+1LJ = 23S1 n 2S+1LJ = 13D1

Notation VE VD
S 1 ↑↑ 1 ↑↑
n 2 1

L 0 2

orbital

Radial function

Associated states ρ(1450), K∗(1410), ρ(1700), K∗(1680),

φ(1680), ω(1420) φP , ω(1650)

Decay types VE → PP VD → PP

VE → V P VD → V P

VE → γP VD → γP
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Nonets of mesons
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P = {π,K, η, η′}
V = {ρ(770),K∗(892), φ(1020), ω(782)}
VE = {ρ(1450),K∗(1410), φ(1680), ω(1420)}
VD = {ρ(1700),K∗(1680), φp, ω(1650)}
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The Lagrangian

The Lagrangian of the model is:

L = L1,E + L1,D + L2,E + L2,D,

where:

L1,E = iaETr[∂
µP, VE,µ]P L1,D = iaDTr[∂

µP, VD,µ]P

L2,E = bETr[Ṽ
µν
E {Vµν , P}] L2,D = bDTr[Ṽ

µν
D {Vµν , P}]

aE , aD, bE , bD− coupling constants of the di�erent decay types.

R→ γP through �vector meson dominance�

Vµν → Vµν + e0
gρ
QFµν

Fµν− �eld strength tensor for photons
e0 =

√
4πα α ≈ 1/137 gρ ≈ 5.5± 0.5 Q = diag( 2

3
,− 1

3
,− 1

3
)
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L1 = ia Tr
[
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Decay widths

TYPE OF DECAY

R→ PP

ΓR→PP = S |~k|3

6πm2
R

[ai
2
λRPP ]2

R→ V P,R→ γP

ΓR→V P = S |
~k|3
12π

[ bi
2
λRV P ]2

EXAMPLES

K∗(1410)→ Kη
ΓK∗(1410)→Kη =

|~k|3

6πm2
K∗(1410)

[
aE
2

1
2

(cosθp −
√

2sinθp)]2

φ(1680)→ φ(1020)η

Γφ(1680)→φ(1020)η =
|~k|3
12π

[
bE
2

sinθp√
2

]2

where:

|~k| =

√
m2
R

+(m2
a−m

2
b
)2−2(m2

a+m2
b
)m2
R

2mR
;

mR− mass of the decaying resonance; ma,mb− masses of decay products;
ai, bi− coupling constants (i = E,D); S− symmetry factor;

θ− mixing angle (θ = 42◦); λ− amplitude factor.
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Preditions for φp state

ss̄ state in 13D1 nonet - resonance not yet known.

Mass of φp

VE ρ(1450) K∗(1410) φ(1680) ω(1420)
VD ρ(1700) K∗(1680) φp ω(1650)

Di�erence 250 MeV 270 MeV ? 230 MeV

mφp ' mφ(1680) + 270MeV ' 1950MeV
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Coupling constants aE, bE

ΓexpK∗(1410)→Kπ = 15.3± 3.3 MeV

− ΓtheoryK∗(1410)→Kπ = 3
|~k(mK∗(1410),mK ,mπ)|3
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2
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aE → 3.66± 0.4 bE → 18.4± 3.8
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Decay widths R→ PP

Decay channel Symmetry factor Amplitude

VE → PP VD → PP

ρ(1450)→ K̄K ρ(1700)→ K̄K 2 1
2

ρ(1450)→ ππ ρ(1700)→ ππ 1 1

K∗(1410)→ Kπ K∗(1680)→ Kπ 3 1
2

K∗(1410)→ Kη K∗(1680)→ Kη 1 1
2

(Cosθp −
√

2Sinθp)

K∗(1410)→ Kη′ K∗(1680)→ Kη′ 1 1
2

(
√

2Cosθp + Sinθp)

φ(1680)→ K̄K φp → K̄K 2 1√
2

ω(1420)→ K̄K ω(1650)→ K̄K 2 1
2
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Decay widths R→ V P

Decay channel Symmetry factor Amplitude

VE → V P VD → V P

ρ(1450)→ ωπ ρ(1700)→ ωπ 1 1
2

ρ(1450)→ K∗(892)K ρ(1700)→ K∗(892)K 4 1
4

ρ(1450)→ ρ(770)η ρ(1700)→ ρ(770)η 1 1
2
Cosθp

ρ(1450)→ ρ(770)η′ ρ(1700)→ ρ(770)η′ 1 1
2
Sinθp

K∗(1410)→ Kρ K∗(1680)→ Kρ 3 1
4

K∗(1410)→ Kφ K∗(1680)→ Kφ 1 1
2
√

2

K∗(1410)→ Kω K∗(1680)→ Kω 1 1
4

K∗(1410)→ K∗(892)π K∗(1680)→ K∗(892)π 3 1
4

K∗(1410)→ K∗(892)η K∗(1680)→ K∗(892)η 1 1
4

(Cosθp +
√

2Sinθp)

K∗(1410)→ K∗(892)η′ K∗(1680)→ K∗(892)η′ 2 1
4

(
√

2Cosθp − Sinθp)

φ(1680)→ KK̄∗ φp → KK̄∗ 4 1
2
√

2

φ(1680)→ φ(1020)η φp → φ(1020)η 1 1√
2
Sinθp

φ(1680)→ φ(1020)η′ φp → φ(1020)η′ 1 1√
2
Cosθp

ω(1420)→ ρπ ω(1650)→ ρπ 3 1
2

ω(1420)→ K∗(892)K ω(1650)→ K∗(892)K 4 1
4

ω(1420)→ ω(782)η ω(1650)→ ω(782)η 1 1
2
Cosθp

ω(1420)→ ω(782)η′ ω(1650)→ ω(782)η′ 1 1
2
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Decay widths R→ γP

Decay channel Symmetry factor Amplitude

VE → γP VD → γP

ρ(1450)→ γπ ρ(1700)→ γπ 1 1
6

ρ(1450)→ γη ρ(1700)→ γη 1 1
2
Cosθp

ρ(1450)→ γη′ ρ(1700)→ γη′ 1 1
2
Sinθp

K∗(1410)→ γK K∗(1680)→ γK 1 1
3

φ(1680)→ γη φp → γη 1 1
3
Sinθp

φ(1680)→ γη′ φp → γη′ 1 1
3
Cosθp

ω(1420)→ γπ ω(1650)→ γπ 1 1
2

ω(1420)→ γη ω(1650)→ γη 1 1
6
Cosθp

ω(1420)→ γη′ ω(1650)→ γη′ 1 1
6
Cosθp
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Results
Radially excited vector mesons:VE → V P

Decay process VE → V P Theory [MeV] Experiment [MeV]

ρ(1450)→ ωπ 74.7 ± 31.0 ∼ 84± 13 seen by CLEGG

ρ(1450)→ K∗(892)K 6.7 ± 2.8 possibly seen by COAN

ρ(1450)→ ρ(770)η 9.3 ± 3.9 < 16.0± 2.4 seen by DONNACHIE

ρ(1450)→ ρ(770)η′ ≈ 0 not listed in PDG

K∗(1410)→ Kρ 12.0 ± 5.0 < 16.2± 1.5 by PDG

K∗(1410)→ Kφ ≈ 0 not listed in PDG

K∗(1410)→ Kω 3.7 ± 1.5 not listed in PDG

K∗(1410)→ K∗(892)π 28.8 ± 12.0 > 93± 8 by PDG

K∗(1410)→ K∗(892)η ≈ 0 not listed in PDG

K∗(1410)→ K∗(892)η′ ≈ 0 not listed in PDG

φ(1680)→ KK̄∗ 110 ± 46 dominant, Γtot = 150± 50 by PDG

φ(1680)→ φ(1020)η 12.2 ± 5.1 seen by ACHASOV

φ(1680)→ φ(1020)η′ ≈ 0 not listed in PDG

ω(1420)→ ρπ 196 ± 81 dominant, Γtot = (180− 250) by PDG

ω(1420)→ K∗(892)K 2.3 ± 1.0 not listed in PDG

ω(1420)→ ω(782)η 4.9 ± 2.0 not listed in PDG

ω(1420)→ ω(782)η′ ≈ 0 not listed in PDG

ΓR→V P = S
|~k|3
12π

[
bi
2
λRV P ]2
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Results
Radially excited vector mesons: VE → PP

Decay process VE → PP Theory [MeV] Experiment [MeV]

ρ(1450)→ K̄K 6.6 ± 1.4 < 6.7 ±1.0 seen by DONNACHE

ρ(1450)→ ππ 30.8 ± 6.7 ∼ 27 ± 4, seen by CLEGG

K∗(1410)→ Kπ 15.3 ± 3.3 15.3 ± 3.3 by PDG

K∗(1410)→ Kη 6.9 ± 1.5 not listed in PDG

K∗(1410)→ Kη′ ≈ 0 not listed in PDG

φ(1680)→ K̄K 19.8 ± 4.3 seen by BUON

ω(1420)→ K̄K 5.9 ± 1.3 not listed in PDG

ΓR→PP = S
|~k|3

6πm2
R

[
ai
2
λRPP ]2
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Results
Radially excited vector mesons:VE → γP

Decay process VE → γP Theory [MeV] Experiment [MeV]

ρ(1450)→ γπ 0.072 ± 0.042 not listed

ρ(1450)→ γη 0.23 ± 0.14 0.09 ± 0.045

ρ(1450)→ γη′ 0.056 ± 0.033 not listed

K∗(1410)→ γK 0.18 ± 0.11 seen

φ(1680)→ γη 0.14 ± 0.09 seen

φ(1680)→ γη′ 0.076 ± 0.045 not listed

ω(1420)→ γπ 0.60 ± 0.36 2 ± 1

ω(1420)→ γη 0.023 ± 0.014 not listed

ω(1420)→ γη′ 0.0050 ± 0.0030 not listed

ΓR→γP = S
|~k|3
12π

[
bi
2
λRV P ]2
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Results
Angular momentum excited vector mesons:VD → PP

Decay process VD → PP Theory [MeV] Experiment [MeV]

ρ(1700)→ K̄K 65 ± 37 8.3± 3.3 seen by DELCOURT

ρ(1700)→ ππ 227 ± 129 75± 30 seen by BECKER

K∗(1680)→ Kπ 133 ± 75 125± 43 by PDG

K∗(1680)→ Kη 85 ± 48 not listed in PDG

K∗(1680)→ Kη′ 1.2 ± 0.7 not listed in PDG

φP → K̄K 172 ± 97 resonance not yet known

ω(1650)→ K̄K 60 ± 34 not listed in PDG
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Results
Angular momentum excited vector mesons:VD → V P

Decay process VD → V P Theory [MeV] Experiment [MeV]

ρ(1700)→ ωπ 80 ± 16 seen by ACHASOV

ρ(1700)→ K∗(892)K 32 ± 6 possibly seen by COAN

ρ(1700)→ ρη 23 ± 5 < 10± 4 seen by DONNACHIE

ρ(1700)→ ρη′ ≈ 0 not listed in PDG

K∗(1680)→ Kρ 37 ± 7 101± 35 by PDG

K∗(1680)→ Kφ 7.5 ± 1.5 not listed in PDG

K∗(1680)→ Kω 11.9 ± 2.4 not listed in PDG

K∗(1680)→ K∗(892)π 46 ± 9 96± 33 by PDG

K∗(1680)→ K∗(892)η 0.26 ± 0.05 not listed in PDG

K∗(1680)→ K∗(892)η′ ≈ 0 not listed in PDG

φP → KK̄∗ 159 ± 32 resonance not yet known

φP → φ(1020)η 42 ± 8 resonance not yet known

φP → φ(1020)η′ ≈ 0 resonance not yet known

ω(1650)→ ρπ 212 ± 43 205± 23 seen by ACHASOV

ω(1650)→ K∗(892)K 24 ± 5 not listed in PDG

ω(1650)→ ω(782)η 18 ± 4 listed in PDG

ω(1650)→ ω(782)η′ ≈ 0 not listed in PDG
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Results
Angular momentum excited vector mesons:VD → γP

Decay process VD → γP Theory [MeV] Experiment [MeV]

ρ(1700)→ γπ 0.055 ± 0.021 not listed

ρ(1700)→ γη 0.20 ± 0.08 not listed

ρ(1700)→ γη′ 0.074 ± 0.028 not listed

K∗(1680)→ γK 0.17 ± 0.07 not listed

φP → γη 0.11 ± 0.04 resonance not yet known

φP → γη′ 0.079 ± 0.030 resonance not yet known

ω(1650)→ γπ 0.45 ± 0.17 not listed

ω(1650)→ γη 0.020 ± 0.008 not listed

ω(1650)→ γη′ 0.007 ± 0.003 not listed
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Conclusions

Overall agreement of theory with data:
- theoretically large decays are clearly seen in experiments,
- theoretically small decays were generally not seen.

The results for the not−yet discovered resonance φP are prediction. This
resonance, even if broad, is measurable.

There are some open issues: some theoretical and experimental errors are too
large. K∗(1410) is well established, but K∗(1410)→ K∗(892)π is too small
when compared to data.

We have just one radially excited ρ but there is evidence that another one
ρ(1250) exists.
S. Coito, G. Rupp and E. van Beveren, Unquenched quark-model calculation of excited ρ
resonances and P-wave ππ phase shifts, Bled Workshops Phys. 16 (2015) no.1.

Radiative decays were determined via VMD. The radiative decays of VE are
still experimentally poorly determined. For the d−vave vector mesons the
results are only predictions.

New experimental results for excited vector states are expected at the GlueX
experiment at Je�erson lab.
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Thank you for your attention
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