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Abstract. Based on previous studies that support the vector-vector molecular structure of the fa(1270),
f4(1525), K3"(1430), fo(1370) and fo(1710) resonances, we make predictions for the ¥(25) decay into
w() f2(1270), wig)fi(1525), K*"(802)K3"(1430) and the radiative decay of 7(15),T(25),¢(25) into
v fa(1270), v f3(1525), ~v fo(1370), v fo(1710). Agreement with experimental data is found for three available

ratios, without using free parameters, and predictions are done for other cases.
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1. Motivation

J /1 decays —

good tool to study the nature of some
resonances, in particular those

generated dynamically from the

Interaction of pairs of more elementary
hadrons

Pionecering work ——-

J/p — VS
2

Scalar Resonance

The study of J/v decay into ¢ or w and
a scalar meson o(600) and f(980)

The idea is that there is a primary J/v decay
into a vector meson (¢ or w) and a pair of
pseudoscalar mesons (P]?) in a scalar state.
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J/v—VS

Nucl. Phys. A 679, 671 (2001); Nucl. Phys. A 744, 127 (2004);Phys.
Rev. D 74, 034021 (2006); Eur. Phys. J. C63, 93(2009)

e As a test of chiral dynamics and the dynamically
generated character of the low lying scalar resonances.

* The reaction offers a genuine simplifying factor since the
J/1, a cc state, qualifies as a singlet of SU(3).

Eur. Phys. J. C63, 93(2009); Nucl.Phys.A 620, 438 (1997); Phys.Rev.D59,
074001(1999);Eur.Phys.J.A 3, 307 (1998); Eur.Phys.J.A8, 389 (2000);
Phys. Rev. Lett.97, 242002 (2006); Nucl.Phys.A679, 57 (2000)




R. Molina, D. Nicmorus and E.
Then Oset, Phys. Rev. D 78, 114018 (2008)

( The pp interaction in the hidden gauge formalism and the f,(1370) and

f2(1270) resonances)

An extension to SU(3)

L.S. Geng and E. Oset, Phys. Rev. D 79, 074009 (2009)
(Vector meson-vector meson interaction in a hidden gauge
unitary approach.)

—— 11 states dynamically generated, including
f2(1270), f5(1525), K4°(1430), fo(1370),

fo(1710) resonances by a pair of vector mesons
(VV) interaction

Chiral unitary approach



Analogous to J/¢ — V.§ == extended J/¢p — VT

A. Martinez Torres, L.S. Geng, L.R. Dal, B.X. Sun, E. Oset,
B.S. Zou, Phys. Lett . B 680 (2009) 310

J/p — ¢(w) f5(1525) and
T/ — VT‘ J/v — K*O(892)I_(’2"0(1430) decays

The idea is that there is a primary J/v decay
into a vector meson (¢ or w or K*9(892))

and a pair of vector mesons (VV) in a tensor state.
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Our results can reasonably We hope to extend
describe the experimental data bv(nS) — VT

Tensor Resonance




L.S. Geng, F.K. Guo, C. Hanhart, R. Molina, E. Oset,
B.S.Zou, Eur. Phys. J. A 44, 305 (2010)

J/w — ~T or S Study of the f>(1270), f5(1525), fo(1370)
and f(1710) in the J/vy radiative decays

Here the f>(1270), f5,(1525), fo(1370),f0(1710)
are dynamically generated resonances.

Results:
Ratio of the rates in the production

of the tensor mesons isin good ' describe the decay ratios well
agreement with experiment data.

Here the molecular picture can

Prediction We hope to further test

of scalar mesons,which
could be tested in the future P(nS) and T(nS) decays




2. Chiral unitary approach
dynamically generated states

The resonances were obtained by solving the
Bethe Salpeter equation in coupled channels
to obtain the scattering matrix

T=1[1-VGa Vv

XU JOX =X

Fig.1 Diagrammatical representation

where V' is the transition potential from V/V/ — V/V/
and G is the loop function of two mesons.



¢ ¢
¢
J/ i S/ J/
Vv’ + + + ...
V/

Fig.2 Production mechanism of ¢ and two interacting vector mesons

v Fig.3  Selection of diagrams of Fig.2 that go
T/ R into resonance formation, omitting the

coupling to V'V’ without interaction.
V/
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R. Molina, D. Nicmorus and E. Oset, Phys. Rev. D 78, 114018
(2008); L. S. Geng and E. Oset, Phys. Rev. D 79, 074009 (2009)

(Vector meson-vector meson interaction in a hidden gauge
unitary approach.)
Employing the coupled channel Bethe-Salpeter equation

to unitarize the tree-level transition amplitudes obtained
from the hidden-gauge Lagrangians.

i

——> There are 11 states dynamically generated, including
f2(1270), f5(1525), K5°(1430), fo(1370),fo(1710)

Iresonances.
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3. J/v decays

* The assumption

J/ — VT

A. Martinez Torres, L.S. Geng, L.R. Dai, B.X. Sun,
E. Oset, B.S. Zou, Phys. Lett . B 680 (2009) 310)

These tensor states are all dynamically generated resonances from the vector-vector
interaction provided by the hidden gauge formalism, upon unitarization in coupled

channels.

a) Formalism J/v decay into ¢(w)VV — ¢(w)T

— We study the J/v — VV'V’ process,where V'V’
are the pairs of vector mesons that lead to the desired

IesO1Nances.

Transition matrix

Lyjp—spR = 2j ""’"’fj( (:})Gj 9j

G loop function of two meson propagators
g;: couplings of the resonances to the different

vector-vector channels

Phys. Rev. D 79, 074009 (2009)

W+ The evaluation of primary weights for J/4 decay
into ¢, w, K*0(892) plus a pair of the vector building

blocks of the resonances

Phys. Lett . B 680 (2009) 310
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G; and g; are obtained

D 79, 074009 (2009)

Couplings and values of the loop functions for the different channels at the resonance energy.

L.S. Geng and E. Oset, Phys. Rev.

op K*K* Wi b pk* wi*0 GK*0
f2(1270) g; (MeV) 10551 4771 —503 771 0 0 0
error g;(%) 4 3 22 22 0 0 0
Gi(x103) —4.74 —3.00 —4.97 0.475 0 0 0
error G;(%) 10 ] 42 220 0 0 0
f3(1525) gi (MeV) —2611 9692 —2707 —4611 0 0 0
error g;(%) 12 6 2 2 0 0 0
Gi(x10—3) —8.67 —4.98 —9.63 —0.710 0 0 0
error G;(%) 6 17 19 141 0 0 0
R;G(MBU) gi (MeV) 0 0 0 0 10613 2273 —2906
error gi(%) 0 0 0 0 3 5 5
Gi(x103) 0 0 0 0 —6.41 —5.94 —2.70
error G;(%) 0 0 0 0 12 19 43

Theoretical error estimates

The estimation of the theoretical errors has been done by

changing some parameters of the theory (g, and subtrac-

tion constants)

\ Phys. Lett . B 680 (2009) 310 \




A. Martinez Torres, L.S. Geng, L.R. Dai,
B.X. Sun, E. Oseft, B.S. Zou,Phys. Lett . B

680 (2009) 310)

By taking w, ¢ to be ideal mixtures of singlet and
octet SU(3) states, and the amplitudes of J /4 decay
will involve matrix elements of 7(1:1) and 7(8:8).

Praysics Letters B GBD [2009) 310-315

Contents lists available at ScienceDirect
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Y= T8

L o The evaluation of the
Weights W, for J/¢ — ¢(w)V'V'in I = 0. primary weights
124 K*K* ww ol .

WO —Zo-n Pt -1 ss0+2) 1)J/4 as a singlet of SU(3)

W —=(v+1) —gv-1) g@v+1) -1 2)ideal mixing for the ¢

Weights for J/¢p — K*OV/'V/in I =1/2, I3 =1/2 w states.
pK* K'w K*¢

wED B




Experimental branching ratios J/Y — VT

Obtained from BR[x107 ] l

J/ — wf2(1270) PDG 1.340.6
J/ — ¢f>(1270) BES 0.274+0.06
J/b — wfh(1525) PDG <0.2
J/b — ¢ f5(1525) BES 0.82+0.12
J/v — K*OK30(1430) PDG 3.0+0.3

PDG: Phys. Lett . B 667 (2008) 1
BES: Phys. Lett . B 607 (2005) 243

R, = U J /=6 12(1270) Ro = U J/p—wfn(1270)
U J/p— £l (1525) U g/l (1525)

rJ/w%K*OI_(EO(143O)
R4 = .

T b f2(1270) U g /p—wfa(1270)

Vw1270

R3



B.S.Zou, Phys. Lett . B 680 (2009) 310

A. Martinez Torres, L.S. Geng, L.R. Dai, B.X. Sun, E. Oset,

The J/vy decay widths

— 1 1 2
M= g--751t|“q
87TMJ/¢

with ¢ the momentum of the
¢(w, K*9) in the J/¢ rest frame.

Upon minimization of the x2 function
— v = 1.45 of best fit

Experiment Theory

Ry 0.22-047(0.33%04h  013-061 (0.287032

)

R 1233-49.00 (21.5075777) 292 - 13.58 (5.887; g5)

—2.96
Rz 11.21-2308 (15.851/22) 6.18-19.15 (10.6315 22
Ry 055-089 (0.701019)  083-210 (1.331970)

)

The idea these tensor states are
all dynamically generated from
the vector-vector interaction

Theoretical errors

1) average mass of the vector nonet and
average decay constant of the pion octet

2) slightly change the values of the
subtraction constants

Phys. Lett . B 680 (2009) 310

Our results

the overall agreement with data
IS reasonable, obtaining four
Independent ratios with just

one parameter



b) J/4 radiative decay into yVV — ~T

L.S. Geng, F.K. Guo, C. Hanhart, R. Molina, E. Oset, B.S.Zou,
Eur. Phys. J. A 44, 305 (2010)

f@<‘i+ j=©< . é@@< ‘o

Fig.4  Schematic representation of J/1 decay into a
photon and one dynamically generated resonance

(o (=
(o (o

@
(e (o
(o (o

(b)

Fig.5 Two mechanisms of the J/v radiative decays



J/p =T
* The assumption

These tensor states are all dynamically generated resonances from
the vector-vector interaction provided by the hidden gauge formalism,
upon unitarization in coupled channels.

- Formalism

—= We study the J/v — vV'V’ process,where V'V’
are the pairs of vector mesons that lead to the desired

TeSONANCEs. ’
G'j: loop function of two meson propagators

g;: couplings of the resonances to the different

Transition matrix vector-vector channels

tyjp—yr = 225 WiGj 9 Phys. Rev. D 79, 074009 (2009)

W} - The primary weights for J/1 radiative decay




Eur. Phys. 1. A 44, 306311 (2010)
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Abstract. In this paper we pressnt on spproach to stody the radistive decny modes of the T, RT ( J/w) 2 :|: 1 3 . 1 8 __i_o 064

phaton and coe of the tensar mesoms f2[ D270, fo(1525), as well ns the sealar opes G(1370) aed

Especially, we compare predictions that ssnerge from s scheme where the states appear dynnmics R J 1 2 ﬂ: 0 3
salution af vertor meson-vector meson seattering amplitedes to those from & (sdmittedly nan S . .

model. We provide evidenee that it might be possible to distinguish amongst the wo scrn

improved data are ovailabie.

Exp: Phys. Rev. D 86, 010001 (2012)1

Ratio of the rates in the production of the tensor mesonsisin
good agreement with experiment

Prediction of scalar mesons, which could be tested in the future
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4. ¥ (nS) and T (nS) decays

Our aim: to test the hypothesis

about the molecular nature of f>(1270), f5(1525),
K39(1430) fo(1370),fo(1710) as dynamically
generated states of vector meson-vector meson

interaction

by testing all reactions possible

J —
/¥ cC state The arguments used to make

$(25) predictions are very simple and
general and can be easily extended

T(]'S) b 3 Al QY e
(29) } bb state to the decays of 1/(nS) and T (nS)



Lianrong Dai, Eulogio Oset, Eur. Phys. J. A 49 (2013) 130

Tests on the molecular structure of f2(1270), f5(1525)
from ¥ (nS) and T (nS) decays

1) Hadronic decays

Transition matrix  ty(ns)—oR = 22; "1’;,;'( (;))Gj g;

~ Gj == V'V’ loop functions
g; == couplings of whichever
< resonance to the corresponding
V'V’ channel j
~ 1) == weights | Phys. Left . B 680 (2009) 310)

The decay widths

Similarly
r— 817”\421 |t|2q Y(ns) — wR
P(ns) Y(ns) — K*OR

with ¢ the momentum of the
d(w, K*9) in the ¢(ns) rest frame.



Y(2s) - VT

Experimental branching ratios

Obtained from BR[x10~%]

»(2s) = wf>(1270) PDG 22+0.4
»(25) — ¢f5(1525) PDG 0.44 4+ 0.16
¥(2s) — K*9(892)K39(1430) PDG 1.9+ 0.5

PDG Phys. Rev. D 86, 010001 (2012)

— r¢(28)—>¢f2(1270) = _ Typ(28) 5w (1270)
Ry = Ry = :
I (29) ¢ f2(1525) oy (28) wih (1525)
. [ . N %0 fox 0
Ry = ¢(28)—>wf2(1270), Ra = Y(28)—K*YK3 (1430).

U p(29) =6 f-(1270) lp(29)—wfs(1270)

22



Experiment Phys. Rev. D 86, 010001 (2012)

Experiment Theory

— 0.30

Ry 0.12-0.56 (0.26713-32)

R 2.76-12.82(5.551 127

Ra 5.91-18.30(10.16 7512

j ( ~4.25) test on the

Rs 054133 (0.867334) 088222 (1417752 motlecular
e nature
Ry - R 3.0-9.3 (5.0753) 124574 (2.6473 1)

The agreement with experiment for the available data is good

Prediction done for ratios not yet measured
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2) Radiative decays

Lianrong Dali, Eulogio Oset, Eur. Phys. J. A 49 (2013) 130

Transition matrix 1) R = 2j ‘?’i-’}Gj g;j

r Gj == V'V’ loop functions

g; == couplings of whichever
< resonance to the corresponding
V'V channel j
~ 1/, == weights | Eur. Phys. J. A 44, 305 (2010)

The decay widths Similarly for T(ns) — YR
r—=_1_1 |t|2q
BT M (ns)

with ¢ the momentum of the
photon in the 1 (ns) rest frame.



Extend to heavy quarkonium states |Lianrong Dai, Eulogio Osef,
Eur. Phys. J. A 49 (2013) 130

J/p = T(1S5)

Test on the molecular nature

o r’Y‘(lS)—wa(lQYO) o — v (18) = £0(1370)

T—T S T ’

'Y‘(lS)—>'yf2(1525) T(1S)—vfp(1710)
Molecular picture Exp

Ry (T(18))| 1.84+0.92 266775
Rg (V(15)) 1.0 =0.26

_ Exp CLEO Collaboration

Phys. Rev. D 75, 072001 (2007);Phys. Rev. D
83,037101 (2011); Phys. Rev. D 73,032001 (2006)

Results the agreement with the experimental ratio is good
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Extend to ¢ (25) and T (25)

5= _ Tyes)=fp(1270) . o — Iy (28)=1/0(1370)

Rr = : = :
L Ty 28) 315 (1525) 5 T Ty28)5fo(1710)
T — v (28)—~fr(1270) . o — v (28) = £ (1370)
I' —T : -/ ' ST )
T(25)—7f5(1525) T(25)—=vfo(1710)

Molecular picture

Ry ((25)) | 1.94+0.97 To be compared with
Rg (¢(25)) | 1.144+0.28 future experiments !
Ry (V(25)) | 1.83+0.92

Rs (7(28)) | 1.05+0.26

Need more experimental information to further test on the

molecular nature of thpse dynamically generated resonance
states of [f2(1270), f5(1525), fo(1370),fo(1710)



4. Summary

We extend previous work of J/¢ (Hadronic
and Radiative) decays — ¥ (nS) and T (nS)
decays to further test on the molecular nature

of f2(1270), f5(1525),K4°9(1430) f5(1370),fo(1710)
as dynamically generated states of vector meson-

vector meson interaction

Results: The agreement with the data available is good

1) T(15) into v f2(1270) and v f5(1525)
2)(28) intow f2(1270), ¢ f5(1525) and K*(892) K3(1430).
Predictions: related decays not yet available
D(25), T(2S) into vf2(1270) and v f5(1525);
Y»(25), T (2S5) into vfo(1370) and v fo(1710)
2) (28S) into ¢ fo(1270), w f5(1525)

Thank you! *
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