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Abstract
We calculate the radiative decay widths, two-photgt)@nd one photon-one vector mesdny), of the

dynamically generated resonances from vector meson+veeson interaction in a unitary approach based
on the hidden-gauge Lagrangians. In the present paper vadeorihe following dynamically generated
resonancesf,(1370), fo(1710), f2(1270), f5(1525), K3(1430), two strangeness=0 and isospin=1 states,
and two strangeness=1 and isospin=1/2 states. Fofyth870) and f»(1270) we reproduce the previous
results for the two-photon decay widths and further cateulaeir one photon-one vector decay widths. For
the f,(1710) andf3(1525) the calculated two-photon decay widths are found to be stergiwith data. The
0%y, wy and¢y decay widths of thefo(1370), f2(1270), fo(1710), f5(1525) are compared with the results
predicted by other approaches. TRé*~ and K **v decay rates of thé;(1430) are also calculated and
compared with the results obtained in the framework of thedant oscillator quark model. The results for
the two states with strangeness=0, isospin=1 and two stéttestrangeness=1, isospin=1/2 are predictions

that need to be tested by future experiments.
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. INTRODUCTION

One of the central topics in studies of low-energy strongraxttion is to understand how quarks
and gluons combine into hadronic objects that we observerarpntally, in other words, to un-
derstand low-energy meson and baryon spectroscopy. Wnfely, the non-perturbative nature
of QCD at low-energies has made a complete solution of tluklpm from first principles almost
impossible (admittedly, lattice QCD has made remarkaldgass in recent years, and may pro-
vide a solutionin the future). Furthermore, most of the ol hadronic states are not asymptotic
states, and as such, they appear only in invariant masgdistns, phase shifts, etc. This latter
feature then implies that in many cases one can not ignotesfatta interaction among their decay
products.

A prominent example is the existence and nature of 4f{600). For a comprehensive dis-
cussion and references, see the mini-review “Note on soadmons” of Ref.[[1]. Although its
existence has long been hypothesized, it took quite a long tintil different experiments have
finally pinned it down unanimously. Its nature is even mooaifiing, i.e., whether it is a genuine
qq State,qqqq state, or molecular state. In this context, the unitaratechnique in combination
with the chiral Lagrangians, the so-called unitary chiredries, have provided a self-consistent
picture where the,(600) may be due to ther final state interactions|[2-6]. The same approach
has been used to study various other hadronic systems tleegkaon-nucleon system [7--16],
heavy-light systems [17] and three body systems [18].

The unitary chiral approach, however, can only be emplogestudy interactions among the
Goldstone-bosons themselves and those between them asrdhaitirons, because chiral sym-
metry only defines the interactions involving the Goldstbesons. One may think about ap-
plying the same unitarization technique to study otheresyistby employing phenomenological
Lagrangians. In Refs. [19-24], by combining the phenomagio&lly successful hidden-gauge
Lagrangians with the above-mentioned unitarization teghe the interactions of vectors mesons
among themselves and with octet- and decuplet-baryonslesre studied. In the framework of
this approach many interesting results have been obtawkeidh all compare rather favorably
with existing data. The dynamically generated resonarfoesld contain sizable meson-meson or
meson-baryon components in their wave-functions, thusfgung as “molecular states.”

Whether such a picture is correct or partially correct hémaltely to be judged either by data

or by studies based on first principles (e.g., lattice QCwdations). From the first perspective,



one should test as extensively as possible whether the gedpoicture is consistent with (all)
existing data, make predictions, and propose experimehé&sersuch predictions can be tested.
These would provide further support to, or reject, the psmgbnature of these states as being
dynamically generated.

In the case of the vector meson—vector meson molecularsstditiained in Refs| [19, 24],
several such tests have been passed: In Refs. [24, 25] idemsdmown that the branching ratios
into pseudoscalar-pseudoscalar and vector-vector fiatgssof thef,(1370), fo(1710), f2(1270),
f5(1525), and K5(1430) are all consistent with data. In Ref. [26], the two-photocalewidths
of the f,(1370) and f»(1270) have been calculated and found to agree with data. Furtheynimo
Ref. [27], the ratios of thd /v decay rates into a vector mesan ¢, or K*) and one of the tensor
states [»(1270), f5(1525), and K;(1430)] have been calculated, and the agreement with data is
found to be quite reasonable. Following the same approadRei. [28] it is shown that the ratio
of the J/¢ decay rates intg f,(1270) and~ f5(1525) also agrees with data.

The radiative decay of a mesonic state has long been argueel ¢oucial in determinations
of the nature of the state [29]. For instance, the non-olasienv of the f,(1500) decaying into
two photons has been used to support its dominant glue N@@ireln Ref. [26], the two-photon
decay widths of thef(1370) and f»(1270) have been calculated and found to agree with data
which therefore provides further support to the propgsetholecular nature of these states [19].
In the present paper, we extend our previous work tofglie710), f5(1525), K;(1430), and four
other states dynamically generated from vector meson -evaatson interaction [24]. By taking
into account all the SU(3) allowed coupled channels, we edsalculate the two-photon decay
widths of thef,(1370) and f,(1270), which confirms the earlier results of Ref. [26] and provides
a natural estimate of inherent theoretical uncertainiés will also calculate the one photon-one
vector meson decay widths of these resonances. As we will Betow, in contrast to the results
obtained in other theoretical models, our results show sdistanct patterns, which should allow
one to distinguish between different models once data aéadne.

This paper is organized as follows: In Section 2, we explaidetail how to calculate the
two-photon and one photon-one vector meson decay widthseaflynamically generated states.
In Section 3, we compare the results with those obtainedharapproaches and available data,

followed by a brief summary in Section 4.
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FIG. 1: Transition amplitude®” appearing in the coupled-channel Bethe-Salpeter equation

[I. FORMALISM
A. Dynamically generated resonances from the vector meson-vector meson interaction

In the following, we briefly outline the main ingredients dketunitary approach (details can
be found in Refs./[19, 24]). There are two basic buildingekbin this approach: transition
amplitudes provided by the hidden-gauge Lagrangians [Bd]aunitarization procedure. We
adopt the Bethe-Salpeter equation metiiod (1—V'G)~'V to unitarize the transition amplitudes
V for s-wave interactions, wher@' is a diagonal matrix of the vector meson-vector meson one-

loop function
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with M, and M, the masses of the two vector mesons.

In Refs. [19, 24] three mechanisms, as shown in [Hig. 1, haea teken into account for the
transition amplitude¥™: the four-vector contact term, the t(u)-channel vectohexige amplitude,
and the direct box amplitude with two intermediate pseudi@sanesons. Other possible mech-
anisms, e.g. s-channel vector exchange, crossed box adgdiand box amplitudes involving
anomalous couplings, have been neglected, since thenilmatdn was found to be quite small in
the detailed study gfp scattering in Ref. [19].

Among the three mechanisms consideredifothe four-vector contact term ang:)-channel
vector exchange one are responsible for the formation ohaasces or bound states provided that
the interaction generated by them is strong enough. In émises the dynamically generated states
can be thought of as “vector meson-vector meson moleculesthe other hand, the consideration
of the imaginary part of the direct box amplitude allows tlemerated states to decay into two
pseudoscalars. It should be stressed that in the preserdaapthese two mechanisms play

quite different roles: the four-vector contact interaotémd the (u)-channel vector exchange term
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are responsible for generating the resonances or boures stabereas the direct box amplitude
mainly contributes to their decays. This particular featihas an important consequence for the
calculation of the radiative decay widths of the dynamicgknerated states as shown below.

The one-loop function, Eq. (1), is divergent and has to baleeged. In Ref.|[24], both dimen-
sional regularization method and cutoff method have beed.uBhe couplings of the dynamically
generated states to their coupled channels are given iegahl, and Il of Ref. [24], which we
need to calculate the radiative decay widths of these remmsaas explained below. In Ref. [24],
the couplings were obtained on the second Riemann sheet t@ndimensional regularization
method without including the box diagrams in the model. ristead, the loop functions were
regularized using the cutoff method, one had to calculaectiuplings from the modulus of am-
plitude squared on the real axis as done in Rel. [26]. Theseapproaches were found to yield
consistent values for the couplings. One has also somedinedd the values of the subtraction
constants due to data uncertainty and the coupled-chaahgienof the problem. An analysis of
the resulting uncertainties has been performed in Ref5.48 They, however, were found to
translate into small uncertainties (at the order of a feve@et) in the present calculation.

We take advantage here to clarify a question often raisedmmection with the dynamically
generated states. Since we all accept that quarks are pnedka physical mesons, the obvious
guestion is what happens to the ordinaf\states? The answer to this can be found in the works of
Refs. [32-35]. In those works, where the study of the scaksans is addressed, one starts with
a seed ofyq states representing scalar states arautdeV. Yet, these states unavoidably couple
to meson meson components. This is a necessity imposed tarityisince the meson meson
decay channels certainly couple to the physical statesoklng symmetries, like SU(3), other
meson meson channels, even those closed for the decaylswit@uple to thoseg components.
For instance the(980) resonance decays intor, so this must be a necessary coupled channel.
However, the underlying SU(3) symmetry of the strong intecas will impose also the coupling
to the K K component. One rightly guesses that other channels witsesdar away from that of
the f,(980) will play a minor role and can be neglected (actually theyloamccounted for, as we
shall discuss below). Then one has a coupled channel prakitnyg, 7= and K K. According
to Refs. [32-35] the solution of the coupled channel probleads to the scalar states where
the originalqg states are represented by a component of the wave functimmaof importance,
since the meson meson cloud has taken over and represerislithef the wave function. In

simple words we can give a picture for this situation. As idl\keown, when we give energy to



a hadron to break it and eventually see the quark compongatdp not see the quarks, we see
mesons produced. This seems to be the case not only when wale theehadron but when we
excite it, such that the creation of mesons becomes eneafjgtmore favorable that the excitation
of the quarks. One can easily visualize this in the baryorctspm: either the Roper or the
N*(1535) resonances would require 500-600 MeV of quarktexicin energy, if they correspond
to genuine quark excitations. It is clear that the introducf a pion on top of the nucleon
is energetically more favorable, so one should investigfaepion nucleon dynamics (together
with other SU(3) related coupled channels) to see if thisagyigs is able to produce these states.
Indeed, the N*(1535) appears as dynamically generated frmrmeson baryon interaction in
coupled channels [36, 37].

One can then still rightfully ask where the quark states ge tAere within this picture states
that are mostly of;g nature? The answer is yes in principle, but nothing can gitieeait. One
might think that they should appear at higher energies gilienarge energy needed to excite
quarks. However, this is not necessarily true as we shalhoent at the end of this section. On
the other hand, the meson meson channels of smaller endidyevapen. This detail should not
go unnoticed. Indeed, let us think of a single channel prableth an attractive potential. One
can get many discrete bound states in principle. Let us adthanchannel with an attractive
potential, which by itself also generates discrete bouatest When we allow some coupling
among these two channels then the earlier initial statesnige to two orthogonal combinations
of the two channels. One might expect the same thing when we&pgaether meson and quark
channels. Yet, the counting of states does not follow hecaudge for higher energies the meson
meson channel will be unbound and then we can have a contintistaites. We can of course find
out resonances, but this is not guaranteed nor is there @&pmuhow many resonances should
appear. It all depends on the dynamics. The problem is indegdinteresting, but as far as one
restricts oneself to low-lying resonances the meson meatmais prominent and the effective
Lagrangians used to take care of their interaction leadrallytto some bound states, which are
those we consider. As to whether there are other states pfesiguark nature, in our approach we
cannot say anything since these components are not part obapled channels states. However,
apart from the works mentioned earlier [32-34] there areka/or this direction in Refs| [38, 39],
which also conclude that the states of lower energy are snosthesonic nature.

Continuing with these observations, in connection withgbark components one can say that

even the small admixture of these quark components coulagehthe mass and other properties



of the resonances. This might be so to some extent, but tdeestwith chiral dynamics and only
hadron components have an element in the formalism whiokwvalbne to take this into account
in an effective way. This is the subtraction constant in ¢héunction when the dimensional
regularization formula is used, or the cut off in the cut offthod. The basic idea of having the
hadronic components as main building blocks is that thetspéobtained using a natural value
for the cut off or the subtraction constant [9]. Fine tunirfigleese subtraction constant or cut
off can take into account the contribution from additionahinels not explicitly considered in
the approach, like the quark states![40, 41]. In fact sonedione needs a massive change of
the cut off to reproduce the mass of a particle, which is aratenifestation that the state under
consideration is not of hadronic, but more of quark natutesis the case for the meson, which
does not come as an object maderof In the study ofrr scattering using the lowest-order chiral
Lagrangians it would require a cut off of the order of sevdeV, which is obviously far away
from the natural scale of 1 GeV in effective theories of the émergy hadron spectra [6, 42/ 43].

Actually the case of the is a good example of warning concerning the dynamical géioara
of resonances. If in ther interaction one takes the leading- and next-to-leadimlgoof thes-
channelp-exchange amplitude and unitarizes it with the IAM (inveaseplitude method) or the
Bethe Salpeter equation, one obtains the full amplitude ¢setion Il of Ref.|[6]). This is further
elaborated in Ref._[44], which warns that this can happemitatzation procedures, inducing one
to think that one obtains a dynamically generated resonaviven in fact one is merely regener-
ating a preexisting resonance, which has been integratsaf the original Lagrangian and is not
contained in the effective Lagrangian as a fundamental fAdithough this warning should be kept
in mind, one should also note that apart from regeneratingexgsting resonance, one can, and
does in practice, generate other non-preexisting onesodokhér terms in the potential, different
from those directly associated to thehannel exchange of the preexisting resonance, like cbnta
terms and- andu-channel exchange of those preexisting resonances. Tpastisularly clear in
the case of the low-lying scalar mesons, which have diftegeantum numbers than the The
latter, as mentioned above, would be “regenerated” in th@tiration scheme using the leading-
and next-to-leading-order terms in the potential.

Nevertheless, in spite of all the arguments given in favahefdynamically generated vector-
vector states, the fact remains that the tensor sfat@70), f5(1525), a2(1320), K;(1430) are
well reproduced in the quark model, including many of theicaly modes (see, e.g., Ref.[45-51]).

This success in both models may reflect the fact that the itoast quarks in quark models are



FIG. 2: Two-photon decay of a dynamically generated resomémom vector meson-vector meson interac-

tion.

objects effectively dressed with meson clouds and the apdrétween the molecular picture and
the quark model picture could be bigger than expected in stawes [52]. Yet, even in this case,
using one picture or the other could be more suited for othservables than those where the two
models succeed. It is thus worth working with both models &xepredictions. As we shall see in
Section Ill, there are some observables where the predgtbthe two models are indeed rather

different.

B. Radiative decays, v+ and V', of the dynamically generated resonances

A detailed explanation of the two-photon decay mechanissrblegn given in Ref. [26]. Here,
we follow closely Ref.|[26] and extend it to the case of onetpheone vector meson decay.

The coupling of a photon to a dynamically generated resangoes through couplings to its
coupled-channel components in all possible ways such #ageyinvariance is conserved (see,
e.g, Refs.|[53, 54] for a relevant discussion within the kaanleon system). A peculiar feature of
the hidden-gauge Lagrangians is that photons do not coupletlgf to charged vector mesons but
indirectly through their conversion ¢, w, and¢. This, together with the fact that the four-vector
contact and the t(u)-channel exchange diagrams are rabfofar the generation of the reso-
nances or bound states, imply that the coupling of a photding@esonance (or bound state) can
be factorized into a strong part and an electromagnetic[RéJt: i.e., the resonance first decays
into two vector mesons and then one or both of them convertamhoton. This is demonstrated
schematically in Fid.]2 for the case of the two-photon detraghe case of one photon-one vector
meson decay, one simply replaces one of the final photonsdyertor meson.

Close to a pole position, the vector-vector scattering &og# given in Figl B can be parame-

L We refer to the same reference for a demonstration of gawgeiamce of this approach.
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FIG. 3: Pole representation of the vector-vector scatjeamplitude and the definition of couplings of a

dynamically generated resonance to its components.

terized as

T = 9P (i) 9P (j) 2)

whereP®) is the spin projection operator, which projects the ini(fadal) vector meson-vector

meson pait (j) into spinS with

©— L
P = 7 i(1)ei(2), 3)
PO = 2 [a(De(2) — 6 (De(2)], @
pO) _ %[ei(nq@) e (Ma)] - %em(nem@)@j, (5)

wheree(1) [¢(2)] is the polarization vector of particle 1 [2] and j, m runs from 1 to 3 since
in line with the approximation made in Refs. [19, 24] that/M, is small and hence, = 0.
The couplingsy; (g;) are obtained from the resonance pole position on the conpigee and are
tabulated in Ref|[24%. To evaluate the two-photon and one photon-one vector pdetay widths
of the dynamically generated particles, one needs its auypb the vector-vector components,
i.e., gﬂ?i(s).

The amplitude of a neutral non-strange vector meson cangdrito a photon is given by

1
. 75 for p°

tyy = CV,YEM‘%EM(V)EM(’)/) with Cy., = ﬁ forw , (6)
—1 for¢

with g = ;”7: Therefore, the whole two-photon and one photon-one veldoay amplitudes for

2 They can also be obtained from the study of the transitionligndies in the real axis as done in Ref.|[26], where
box diagrams can also be taken into account. We find thatrdiffees between the couplings obtained in these two
ways are very small for th§ (1370), fo(1710), f2(1275), f5(1525), and K5 (1430), well within the uncertainties
that we estimate for the quantities we calculate in this werk0%.



a resonanc& of spinS are

1 1
T(R (vv) gvv VV ( )tV~/<7) tvyy X F1, (7)
VlZVQ 1V2 1V _‘]\4‘2/1 1 —M‘2/2 2
1
Vﬂ/ nglvz V1V2 — M2 tyey X F1, (8)
Va

whereF is a proper isospin coeff|0|ent which projects the vectateepair in isospin space to
that in physical space ar‘g{ff’% denotes the coupling of resonanBeto channell;V;. Recall
that in Ref. [24] we have used the following phase convestidh™ = —|1/2, —1/2) andp™ =
—|1,+1), which implies that

lpp)r=0 = ——Ip p~+p pt+ 0%,

\PK™) 1=1/2,15=1/2 = \/7|p+K*O \/7|p0K*Jr (9)
lpK™) 1—1/2,15=—1/2 = \/;|pOK*O> — \/;\p‘K*JF).

From Eq.[(9), one can easily read off the isospin projegtor
Summing over polarization of the intermediate vector mesonEgs. [(1,B) and taking into

account symmetry factors and proper normalization, oneéheafollowing amplitudes

e’ R
TP =5 D 0iwnP Ol X i x By (10)
i, Vz—p w,p
e
T\(/i) - Z 9V1V273\(/fycvw X Fy X F3 (11)
V2 =p0w,o

whereP(V‘? and Py are defined in Eqs[13[4,5) withi (7) denoting the polarization vector of a
vector-meson (photony;; is the isospin factor, anfl,, 3 account for both a symmetry factor and

the unitary normalization used in Refs. [19, 24]

V2 for a pair of identical particles, e.g° "
FZ = 5 (12)
2 for a pair of different particles, e.g’w
2 for a pair of identical particles, e.g°
g:{“_ P P & (13

1 for a pair of different particles, e.g’w '
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The two-photon and one photon-one vector decay widths ohamycally generated resonance

R of spinS are then given by

1 1 1
I, = - T2 14
M T 28T 1167 Mp2 Z 5T (14)
polarization
1 L |p,| (R)
Iy, = u )| 15
Vo 2S+187TMRMRX Z ‘ | V*y|7 ( )
polarization

wherel is the resonance mass amds the photon momentum in the rest frame of the resonance
R. For the photon, we work in the Coulomb gauge£ 0 andk - €= 0), where the sum over the
final polarizations are given by

kik;

3 (16)

Z Ei(V)‘f;(V) = 0ij —
polarization
with & the three momentum of the photon. For vector mesons, one,has0 [see discussion
below Eq.[(5)] and
Y. aV)gV) =dy. (17)
polarization
With Egs. [18.117), one can easily verify

2 S5=0

> PIPE=q1 s=1, a8)
polarization % S —9
2 S=0

Y. PR =q2 s=1 (19)
polarization 0 g_9

w

1. RESULTSAND DISCUSSIONS

In this section, we discuss our main results and compare thigmavailable data and the
predictions of other approaches. In Taklés| [ I, 11l, wewhbe calculated one photon-one vector
meson and two-photon decay widths of the resonances dyalyngenerated in Refl [24]. We
have also listed relevant data for the two-photon decayhsiditom different experiments. It

should be pointed out in our approach that among the 11 dyradijmgenerated resonances|[24],
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TABLE I Pole positions (in units of MeV) and radiative decaidths (in units of keV) in the strangeness=0
and isospin=0 channel. For the sake of reference, we alse #f@mass and width of the dynamically
generated resonances obtained taking into account the iagraths withA = 1 GeV andA, = 1.4

GeV [24].

Pole position (Mass, Width) Mesonl' o, I,y T'yy Ty, Iy (Exp.)

(1512, —i26) (1523,257) f5(1370) 726 0.04 0.01 1.31 -
(1726, —i14) (1721,133) fo(1710) 24 82 94 0.05 < 0.289 [1]2
(1275,—i1)  (1276,97)  f»(1270) 1367 5.6 5.0 2.25 3.03 +0.35[1]
2.27 + 0.47 4 0.11 [55]
2.35 + 0.65 [56]
(1525, —i3)  (1525,45)  f4(1525) 72 224 286 0.05 0.081 = 0.009 [1]

3 This rate is obtained using,, x I'x z /Tiota1 < 0.11 keV [57] andl x z /Tiora1 = 0.3870 09 [5€]. On the other

hand, if one useB ; z /Tota1 = 0.55 obtained in Ref[25], one would obtalh,, < 0.2 keV.

TABLE Il: The same as Tablé I, but for the strangeness=0 argpia=1 channel.

Pole position (Mass,Width) Meson T, | Ly, Ly

(1780, —i66) (1777,148) ag 247 290 376 161

(1569, —i16) (1567, 47) as 327 358 477  1.60

theh, state does not decay intoy andV v; the same is true for thig state; on the other hand, the
K}, K; andK;(1430) resonances only decay inf6*~ but not~y~.

For the f»,(1270) and f,(1370), Nagahiro et al. have calculated the two-photon decay width
as 2.6 keV and 1.62 keV [26]. Recall in that work among all th€3 allowed channels only the
pp channel was considered and also the couplings deduced frjpfitades on the real-axis were
used. Therefore, the differences between the two-photoaydeidths obtained in the present
work and those obtained in Ref. [26] can be viewed as inhéhadretical uncertainties, which
are~ 20%. As also discussed in Ref. [26], it is clear from Tdble | that wvo-photon decay width
for the f»(1270) agrees well with the data. The experimental situation ferftti1370) is not yet

clear, but as discussed in Ref, [[26], current experimertallts are consistent with our result for
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TABLE Ill: The same as Tablé I, but for the strangeness=1 aasgin=1/2 channel.

Pole position (Mass,Width) Meson [ gt [ g0,
(1643, —i24) (1639, 139) K¢ 187 520
(1737, —i82) (1743,126) K 143 571
(1431, —il) (1431, 56) K3(1430) 261 1056

|

In addition to thef,(1270) and f,(1370) we have calculated the two-photon decay widths of
the f,(1710) and f5(1525). From Tabldll, it can be seen that they agree reasonably vitl w
available data. Our calculated two-photon decay width tier ft,(1525) is slightly smaller than
the experimental value quoted in the PDG review. This iseqadceptable since 1) as discussed
earlier we have an inherent theoretical uncertaintyy 0% and 2) there might be other relevant
coupled channels that have not been taken into account imdiakel| of Ref. [24], which can be
inferred from the fact that the total decay width of tf§€1525) in that modek 50 MeV is smaller
than the experimental value 70 MeV.

Note that the significantly small value of the widths of tf4€1710) and f5(1525) compared to
that of thef,(1270), for example, has a natural interpretation in our thecaéframework since
the former two resonances are mositly/* molecules and therefore the coupling®toww, wo,
¢¢, which lead to the finaly decay, are very small. The advantages of working with cauple
channels become obvious in the case of these radiative sleWdlile a purek™* K* assignment
would lead tol',,=0 keV, our coupled channel analysis gives the right stfefgtthe couplings
to the weakly coupled channels.

In the following we shall have a closer look at the radiatiezaly widths of thef,(1270),
15(1525), fo(1370), fo(1710), K;(1430), and compare them with the predictions from other the-

oretical approaches.
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A. Radiative decay widthsof f,(1270) and f}(1525)

In Table[TVM, we compare our results for the radiative decagths for thef,(1270) with those
obtained in other approaches, including the covariantlesmi quark model (COQM)_[59], the
tensor-meson dominance (TMD) model|[60], the AdS/QCD datan in [61], the model as-
suming both tensor-meson dominance and vector-meson daoer(TMD&VMD) [62], and the
nonrelativistic quark-model (NRQM) [63]. From this comisan, one can see that the AdS/QCD
calculation and our present study provide a two-photon yl@gdth consistent with the data.
The TMD model result is also consistent with the data (it cae either’( f>(1270) — ~~) or
['(f2(1270) — =7 ~) as an input to fix its single parameter), while the TMD&VMD nebgbre-
diction is off by a factor of 3. Particularly interesting iset fact that although the TMD&VMD
model predictsl'(f,(1270) — p7) similar to our prediction, but in contrast their result for
I'(f2(1270) — w7) is much larger than ours, almost a factor of 30. Therefore)xqrerimental
measurement of the ratio of f>(1270) — pv)/T'(f2(1270) — w~) will be very useful to disen-
tangle these two pictures of thg(1270). Furthermore, one notices that all theoretical approaches
predictl’ .., to be of the order of a few 100 keV.

In TablelM, we compare the radiative decay widths of ff{&525) predicted in the present work
with those obtained in the COQM [59]. We notice that the COQ®HictsI',, /T, ~ 22 while
our model gives an estimate bf,,/I" 0, ~ 4, which are quite distinct even taking into account
model uncertainties. Furthermote,. in the COQM is almost zero while it is comparablelip,
in our approach. An experimental measurement of any twoeoftiree decay widths will be able
to confirm either the COQM picture or the dynamical picture.

An interesting quantity in this context is the raﬁ% since naturally branching ratios
suffer less from systematic uncertainties within a modeTdble V], we compare our result with
data and those obtained in other approaches. It is cleaptinaesult lies within the experimental
bounds while those of the effective field approach (EF) [6%] &he two-state mixing scheme
(TMS) [45] are slightly larger than the experimental uppeit, with the latter being almost at the
upper limit. Given the fact that we have no free parametetiigcalculation, such an agreement

is reasonable.
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TABLE IV: Radiative decay widths of th¢,(1270) obtained in the present work in comparison with those

obtained in other approaches..

COQM[59] TMD[60F  AdS/QCD[61] TMD&VMD [62] NRQM [63] Present work

f2(1270) — ~y - 3.15 4 0.04 £ 0.39 2.71 8.8 - 2.25
f2(1270) — pOy 254 630 + 86 - 1364 644 1367
f2(1270) — wry 27 - - 167.6 £ 25 5.6
f2(1270) — ¢ 1.3 - - - - 5.0

aThe model only provides ratios of thfg(1270) decay rates. Therefore, if using the then quoted experghdatay

ratel’(f2(1270) — ) = 3.15 + 0.04 £ 0.39 keV [64], the model predictB( f2(1270) — py) = 630 + 86 keV.

TABLE V: Radiative decay widths of th¢}(1525) obtained in the present work in comparison with those

obtained in the covariant oscillator quark model (COQM)][59

COQM [59] Present work

f5(1525) — vy 0.05
£5(1525) — pOy 4.8 72
f2(1525) — wy 0 224
£5(1525) — ¢y 104 286

B. Radiative decay widthsof f;(1370) and f(1710)

Now let us turn our attention to thg(1370) and f,(1710) mesons. In table_ VIl we compare
our results for the radiative decay widths of tfig1370) and f,(1710) obtained by the coupled
channel model with the predictions of other theoreticalrapphes, including the nonrelativistic
quark model (NRQM) [63], the light-front quark model (LFQN®E], the calculation of Nagahiro
et al. [67], and the chiral approach [68]. In the NRQM and LF@afculations three numbers are
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TABLE VI: Branching ratio of'(f5(1525) — ~v) andT'(f2(1270) — ~+) in comparison with that ob-

tained in other approaches and data.

EF [65] TMS [45] PDG [1] Present work

T(f5(1525) — v7)/T(f2(1270) — 77) 0.046 0.034 0.027 £ 0.006 0.023

TABLE VII: Radiative decay widths of th¢;(1370) and f,(1710) obtained in the present work in compar-

ison with those obtained in other approaches. All decayhsidre given in keV.

NRQM [63] LFQM [66]” [67] [68] Present

Light Medium Heavy Light Medium Heavy KK loop = loop work
fo(1370) — vy - - - 16 39708 56773 - - 035 1.31
fo(1370) — p% 443 1121 1540 150 390175 5307130 79440 125480 - 726
fo(1370) » wy - - - - - - 7+3 12848 -  0.04
fo(1370) — ¢y 8 9 32 098 0.837037 45135 1146 - - 001
fo(1710) — vy - - - 092 1.3%02 3.0} - 0.019 0.05
fo(1710) — pO 42 94 705 24 5571% 410770 100 +40 - - 24
fo(1710) » wy - - - - - - 3.3+1.2 - - 82
fo(1710) — ¢y 800 718 78 450 400730 36717 1545 - - 94

aLight, medium and heavy indicate three possibilities far thare glueball mass: lighter than the bare state
(Light), between that of the baren state and that of the baka state (Medium), and heavier than that of the batre

state (Heavy).

given for each decay channel depending on whether the dluahas used in the calculation is
smaller than thexn mass (Light), between then andss masses (Medium), or larger than the
mass (Heavy) [63, 66].

First we note that for theg,(1370) our predicted two-photon decay width is more consistent
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with the LFQM result in the light glueball scenario, whileethy decay width lies closer to the
LFQM result in the heavy glueball scenario. Furthermore gth decay width in our model is an
order of magnitude smaller than that in the LFQM.

For the f,(1710), the LFQM two-photon decay width is larger than the curreqiegimental
limit (see Tabléll). On the other hand, quiry decay width is more consistent with the LFQM in
the light gluon scenario while they decay width is more consistent with that of the LFQM in the
heavy gluon scenario. Similar to thfg(1370) case, here further experimental data are needed to
clarify the situation.

Furthermore, we notice that the NRQM and the LFQM in the |l medium glueball mass
scenarios and our present study all predict that > T'y, for the f,(1370) while I',, < Ty,
for the f,(1710). On the other hand, the NRQM and LFQM in the heavy gluebalhaide
predictI',, > Iy, for the f,(1710). Therefore, an experimental measurement of the ratio of
I fy(1710)=pv /T fo(1710)=44 NOt ONly Will distinguish between the quark-model pictureldhe dy-
namical picture, but also will put a constraint on the mass g@ossible glueball in this mass
region.

The chiral approach in Ret. [68] delivers smaller valuestla two-photon decay rates of the
fo(1370) and f,(1710). However, the ratid’( fo(1370) — ~v)/T'(fo(1710) — vv) ~ 18.4 lies
much closer to our predictiofi( fo(1370) — ~7)/T'(fo(1710) — ~v) =~ 26.2 than the LFQM
results which range between 1.7-3.0.

The work of Nagahiro et al. [67] evaluates the contributiamf loops ofK K (77) using a phe-
nomenological scalar coupling of thfg(1710) (f,(1370)) to K K (7). From the new perspective
on these states we have after the work of Ref. [24], the scalgpling may not be justified. One
rather has thef;(1710) coupling to K* K* while the coupling of thek’ X' channel only occurs
indirectly through the further decaf* — Km and K* — K, with 7 going into an internal
propagator. As found in Ret. [19], loops containing theggopagators only lead to small contri-
butions compared to leading terms including vector mesfms-{ector contact and t(u)-channel
vector exchange).

Experimentally, there is a further piece of information ae f,(1710) that is relevant to the

present study. From th&/+» decay branching ratios tauw andyK K, one can deduce![1]

I(fo(1710) = ww)  Br(J/v — vfo(1710) = yww)  (3.14+1.0) x 107* 0.365+0156
D(fo(1710) = KK)  Br(J/v — vfo(1710) = yKK)  (857:2) x 10-4 —0.269-)
20
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In the same way as we obtain the two-photon decay widths, walsa calculate the two-vector-
meson decay width of the dynamically generated resonafceshe f,(1710), its decay width to

ww is found to be
T'(fo(1710) — ww) = 15.2 MeV.

Using o (fo(1710)) = 133 MeV, already derived in Ref. [25], and the ratie ﬁEiﬁﬁ%m» ~ 55

% also given in Ref/[25], one obtains the following branchratio

[(fo(1710) — ww)
[(fo(1710) — KK)

which lies within the experimental bound, although closthlower limit.

= 0.21, (21)

C. Radiative decay widths of the K;(1430)

The radiative decay widths of th€;(1430) calculated in the present work are compared with
those calculated in the covariant oscillator quark mod@@d/1) [59] in TablelVIIl. We notice
that the results from these two approaches differ by a faufté0. However, there is one thing in
common, i.e., both predict a much lardgg-o, than thel'x-+.,. More specifically, in the COQM
I gv0. /T g+, = 3, while in our model this ratio is 4.

At present there is no experimental measurement of thessydeodes. On the other hand,
the K;(1430) — Kt~ and K3;(1430) — K°v decay rates have been measured. According to
PDG (1], I'k+, = 241 £ 50 keV andI'ko, < 5.4 keV. Comparing these decay rates with those
shown in Tablé VIIl, one immediately notices that the.+, in the dynamical model is of similar
order as thd k., despite reduced phase space in the former decay, which isuoée closely
related with the fact that th&’; (1430) is built out of the coupled channel interaction between the
pK*, wK*, and¢pK* components in the dynamical model. Furthermore, both th@ &nd
our dynamical model predidty.o, > I'k-+,, Which is opposite to the decays into a kaon plus
a photon wherd'+, > I'ko,. An experimental measurement of those decays would be very

interesting and will certainly help distinguish the twofdient pictures of thé(;(1430).

V. SUMMARY AND CONCLUSIONS

We have calculated the radiative decay widths @nd V) of the f,(1270), fo(1370),
15(1525), fo(1710), K;(1430), and four other states that appear dynamically from vectsan-
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TABLE VIII: Radiative decay widths of thé(;(1430) (in keV) obtained in the present work in comparison

with those obtained in the covariant oscillator quark m¢@€QM) [59].

COQM [59] Present work

K;%(1430) — K* Ty 38 261

K39(1430) — K*%y 109 1056

vector meson interaction in a unitary approach. Within #pproach, due to the peculiarities of
the hidden-gauge Lagrangians and the assumption that teeseances are mainly formed by
vector meson-vector meson interaction, one can factdnzeadiative decay process into a strong
part and an electromagnetic part. This way, the calculaigueatly simplified and does not in-
duce loop calculations. The obtained results are found toobsistent with existing data within
theoretical and experimental uncertainties.

When data are not available, we have compared our predsctiith those obtained in other
approaches. In particular, we have identified the relevattem of decay rates predicted by
different theoretical models and found them quite distin€or instance, thé'(f,(1270) —
p7)/T(f2(1270) — w+) ratio is quite different in the dynamical model from thosetire
TMD&VMD model and the COQM model. Th&(f}(1525) — ¢v)/I(f5(1525) — py) ratio
in the COQM model is also distinctly different from that iretdynamical model. A measurement
of the f,(1370)/f,(1710) decay rates intpy and¢~y could be used not only to distinguish between
the quark model (NRQM and LFQM) picture and the dynamicaiygbut also to put a constraint
on the mass of a possible glueball (in gieg mixing scheme of the NRQM and LFQM). For the
K3(1430), as we have discussed, a measurement df its( K *)y decay mode will definitely be
able to determine to what extent the dynamical picture iseobr

It is necessary to stress that the QCD dynamics is much ribharthat contained in our unitary
approach. It is, therefore, not too surprising to us thatetomes agreement with data is not
perfect, but the model delivers at least a qualitative imsigto the decay pattern. However, up to
now the dynamical picture of thg(1370), f»(1270), f5(1525), fo(1710), andK;(1430) has been
tested in a number of scenarios, including in the) — VT decays|[27],J /¢ — T decays|[28],

in their strong decay modes [25], and in their two-photoraganodes, as shown in Ref. [26] and
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in the present work. It will be interesting to see what comeéssio their one photon-one vector
meson decay modes. Given their distinct pattern in diffettegoretical models, an experimental
measurement of some of the decay modes will be very suggestikie nature of these resonances.

Such measurements in principle could be carried out by PANMDRAIR or BESIII at BEPCII.
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