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Decay of vector-vector resonances into vy and a pseudoscalar meson
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We study the decay of dynamically generated resonances from the interaction of two vectors into a y
and a pseudoscalar meson. The dynamics requires anomalous terms involving vertices with two vectors
and a pseudoscalar, which renders it special. We compare our result with data on K3 (1430) — K™y and
K59(1430) — K%y and find a good agreement with the data for the K3¥(1430) case and a width
considerably smaller than the upper bound measured for the K3°(1430) meson. We also investigate the
decay into 7"y of one a, state, tentatively associated to the a,(1320), obtaining qualitative agreement

with data.
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I. INTRODUCTION

The radiative decay of a mesonic state has long been
argued to be crucial in the determination of the nature of
the state [1]. For instance, the nonobservation of the
f0(1500) decaying into two photons has been used to
support its dominant glue nature [2]. In this sense the
radiative decay has also been advocated as a tool to deter-
mine the molecular nature of many mesonic and baryonic
states [3-9].

The dynamical generation of many mesonic states using
chiral unitary dynamics [10,11] has stimulated further
studies of these decay modes of mesonic states. Though
scalar mesons have been for long in the list of dynamically
generated mesons from the interaction of two pseudoscalar
mesons [12-16], it has been only very recently that
the systems of two vector mesons have been investigated
[17-21], and many dynamically generated states have
appeared which have been associated with known reso-
nances of the PDG [22]. In this sense the f,(1370),
f2(1270), f5(1525), fo(1710) and K3;(1430) were gener-
ated in [17,18] from the interaction of the nonet of vector
mesons with itself. Similarly, some D* mesons are gener-
ated in [19], the D},(2573) among other states is generated
in [21] and some hidden charm states, some of which could
be identified with the new X, Y, Z resonances recently
reported, were also found in [20]. The task of studying
several radiative decay modes is important for these states
in view of the fact that many of them have traditionally
been accommodated within quark models without much
difficulty [23-29]. Support for the new nature of these
states comes gradually from studies of different decay
modes. In this sense in [30] the radiative decay of the
fo(1370) and f,(1270) resonances into yvy, was studied
and good results compared with experiment were found.
These studies were extended to the SU(3) states, and also
good agreement with experiment was found in the cases
where there was available data for comparison [31]. The
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study of the J/ ¢ — ¢(w)f,(1270), J /o — ¢(w)f5(1525)
and J/¢ — K*0(892)K3°(1430) decay in [32], and
J/¢ decay into yf,(1270), yf5(1525), yfo(1370) and
vfo(1710) in [33] has given extra support to the claimed
nature of these resonances as vector-vector bound states or
resonances.

In this paper we pose a new challenge to this idea by
investigating the decay of the dynamically generated states
of [18] into a pseudoscalar meson and one photon. As we
shall see, the decay proceeds via anomalous interaction
terms which involve two vectors and a pseudoscalar me-
son, and thus one is exploring dynamics quite different
from the one needed in other alternative studies, like in
quark models.

Although there are not many data to compare, we shall
see that the agreement with them is satisfactory, within
theoretical and experimental uncertainties, and the results
obtained should encourage further theoretical and experi-
mental studies in other sectors, like charm or hidden charm
mesons.

II. FORMALISM

In this work we study the radiative decay of the VV
dynamically generated resonances found in [18] into Py.
In Table I, we display the masses and widths obtained in
that work and the experimental counterpart of each reso-
nance in the assignment made in [18]. We see in this table
that 11 resonances were found, five of them were associ-
ated with resonances that appear in the PDG [22]. First of
all, we consider all the possible cases of spin-parity of the
initial meson in Table I: In case we had an initial meson
with J¥ = 0%, the angular momentum between the pseu-
doscalar meson and photon should be L = 1, which im-
plies negative parity in the final state, and is not allowed. In
the language of photon multipoles this corresponds to an
MO transition, which does not exist. The rest of the reso-
nances in Table I are either with or without strangeness.
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is half of the maximum value.
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TABLE I. The properties, (mass, width) [in units of MeV], of the 11 dynamically generated states and, if existing, of those of their
PDG counterparts. Theoretical masses and widths are obtained from two different ways: “pole position” denotes the numbers obtained
from the pole position on the complex plane, where the mass corresponds to the real part of the pole position and the width corresponds
to twice the imaginary part of the pole position (the box diagrams corresponding to decays into two pseudoscalars are not included);
“real axis” denotes the results obtained from the real axis amplitudes squared, where the mass corresponds to the energy at which the
amplitude squared has a maximum and the width corresponds to the difference between the two energies, where the amplitude squared

19(JFC) Theory PDG data

Pole position Real axis Name Mass Width

Ay, = 1.4 GeV A, =15 GeV

0t (0*") (1512,51) (1523 257) (1517 396) fo(1370) 1200-1500 200-500
0F(0*") (1726,28) (1721 133) (1717151) fo(1710) 1724 =7 137 £8
0-(1*) (1802,78) (1802,49) hy
0t (@2*") (1275,2) (1276,97) (1275111) f(1270) 1275.1 = 1.2 185.0739
0t (2*") (1525,6) (1525,45) (1525,51) £4(1525) 1525+ 5 7370
17(0%") (1780 133) (1777 148) (1777 172) a
171+ (1679 235) (1703 188) b,
1-(2*%) (1569,32) (1567,47) (1566,51) a,(1320)?
1/2(0%) (1643,47) (1639 139) (1637 162) K;
1/2(1%) (1737 165) (1743 126) K,(1650)?
1/2(2%) (1431,1) (1431,56) (1431,63) K3(1430) 1429 = 1.4 104 =4

The ones without strangeness except for those of J =1
have positive C-parity which does not allow the decay into
Py. This leaves nonvanishing decay rates only for the &,
by, K and K;(1430), with only the latter one having a clear
experimental counterpart, the K3(1430). In the present
work we concentrate on this case, where there are also
experimental data in the PDG for its decay into Py:

I'(K3*(1430) — K+y)/T = (2.4 = 0.5) X 1073
I'(K3°(1430) — K%)/T <9 X 1074 (1)

In [18] there was also one a, resonance found at around
1560 MeV, which was compared with the a,(1700) for
the proximity of the masses, but serious problems with the
widths were observed. Here we shall assume that the
a,(1560) found in [18] corresponds to the experimental
a,(1320) and we will also evaluate the radiative width into
7" y. Experimentally we have

I'(a,(1320) — 7wt y)/T = (2.68 + 0.31) X 1073, (2)

The difference of the masses between the a,(1560) found
and the experimental a,(1320) could be reduced in [18]
with some fine-tuning of the subtraction constants, but we
shall not do it here.

From [18] we take the channels and coupling constants,
gi, of the K3(1430) and a,(1320) (a,(1569) in [18]), that
are shown in Table II. As we see in this table, the K3(1430)

molecular picture that combines HGS (hidden local
gauge symmetry) [34-38] and unitarity [17,18]. The two
different diagrams contain an anomalous VVP coupling,
whereas they can be distinguished from the exchange of
one pseudoscalar meson, P;, containing a PPV vertex, see
Fig. 1(a), or a vector meson, V;, with a 3V vertex, as shown
in Fig. 1(b). These two kinds of diagrams lead to four
possible configurations, as shown in Fig. 2 for the pK*
channel, depending on whether P;(V;) is a nonstrange
meson, Fig. 2(a) and 2(b), or a strange meson, Fig. 2(c)
and 2(d). At the end, all possible VV channels are taken
into account. In this case, only a few diagrams contribute
so we show all the possibilities.

For the case of the a,(1320) the corresponding diagrams
are shown in Fig. 3.

The Vv, PPV and 3V vertices are provided by the
hidden gauge formalism, where a photon always comes
out from a vector meson. In the HGS formalism, the vector
meson fields are gauge bosons of a hidden local symmetry
transforming inhomogeneously and chiral symmetry is
preserved [34-38]. The HGS Lagrangian involving pseu-
doscalar, vector mesons and photons is

TABLE II. Pole positions and residues in the strangeness = 0
and isospin = 0 channel. All the quantities are in units of MeV.

couples to three channels: pK*, K*w and K¢, the cou- Vipole g; [spin = 2]

pling to pK* being considerably larger than for the other - ) )

two channels. The a,(1320) couples to K*K*, pw and p¢ K'p Ko K¢
o . v o ’ (1431, —il) (10901, —i71) (2267, —il3)  (—2898,i17)

the largest coupling corresponding to K*K*. KR pow o

In Fig. 1 we show the two kinds of Feynman diagrams
that lead to the decay of a resonance into Py in the VV

(1569, —i16) (10208, —i337) (—4598,i451) (6052, —i604)
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- — — = B Vi - — — = B
K*(1430)

K*(1430)

a) b) Vi

FIG. 1. The two different diagrams that contribute to the K5(1430) — Ky decay.

c) Pw, ¢ d) P w, ¢

FIG. 2. Possible Feynman diagrams contributing to the K3(1430) — Ky decay in the pK* channel.

ag (1320)

FIG. 3. Possible Feynman diagrams contributing to the a;*(1320) — 7*y decay.
L=ILO+7 3 1 1 i P
i O L= Y MY [V T [) O
with
- %]ﬂ(DM UDrUt + yUt + 4tU) (4) where (...) represents a trace over SU(3) matrices. The

covariant derivative is defined by
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D,U=9,U — ieQA,U + ieUQA,, (6)

with Q = diag(2, —1, —1)/3, e = —|e| the electron
charge, and A, the photon field. The chiral matrix U is
given by

U= ei\/fP/f’ (7)

where the P matrix contains the nonet of the pseudoscalars
in the physical basis considering 1, ' mixing [39]:

U R o} + +
75 + 7 + \7;5 ™ 0 K
_ - no4n 0
K K0 — oy
®)
and V,, represents the vector nonet:
w+p° + NS
v Pk
Vi=| p & k|- ©)
K*— IZ*O ¢ .
In Ly, V,, is defined as
Vi =09,V, —9,V, —ig[V,,V,] (10)

and
1 . .

r,= E[MT(GM —ieQA,)u + u(d, — teQAM)uT] (1D)
with u?> = U. The value of the coupling constant g of the
Lagrangian Eq. (5) satisfies
_My

2f°

with My, the vector meson mass and f = 93 MeV the pion
decay constant. Other properties of g are [38,40]:

8 12)

Fy_ 1 Gy_ 1
My g’ My 22g’
Fy=v3f,  Gy=-_. (13)

Equation (5) provides the following terms:

Ly, = -MLEA (Ve
Vy Vg ,u,( Q> (]4)
Lppy = —ig(V[P, 9,P])

and
Ly == ig((V“B,,VM - 8,,VMV“)V”)>. (15)

Both diagrams in Fig. 1 contain an anomalous VVP
vertex, which in principle one could expect to be small
due to the higher order nature of the anomalous term in the
chiral expansion. This anomalous VVP interaction ac-
counts for a process that does not preserve intrinsic parity,
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and can be obtained from the gauged Wess-Zumino term
(seee.g. [41,42]). However, as the relevant energy becomes
larger, the role of the anomalous contribution becomes
more important as it contains momentum factors (see
Eq. (16)). This has also been seen in works on the radiative
decays of scalar mesons [43,44]. The VVP Lagrangian is
[42,45,46]:

G/
Lyyp = \/—56””“3<8MVV8,1V3P> (16)

with G' = 3g”/(4m*f) and g’ = —GyM,/(¥2f?). In the
following subsections we evaluate the two different kinds
of diagrams shown in Fig. 1.

A. Diagram of the K*(1430) — Ky decay
containing the PPV vertex

In Fig. 4 we show the first diagram to compute in charge
basis with explicit momentum. In what follows, we shall
consider the K;"(1430) at rest. First of all, we need
the coupling of the resonance K;*(1430) to K*'p*. This
coupling is given by the approach of [18], where the
coupling is calculated as the residue of the VV — VV
amplitude in the pole position of the resonance (see
Fig. 5), which close to a pole can be expressed as:

(=21 _ &{E(Gmie(z),f + i@y — L o 5,-]-}
§ = Spole 12 3

% {l(e(l)ie(z)f + Wiy — L ewm E(2)m5u}
2 3 ’
(17)

with sy = (M — iI'/2)?. We can see in this amplitude,
by looking at the diagram in Fig. 5, that the coupling

K*(q)

— > — — K*P-k)

K*+(1430)(P)

PP —q)

FIG. 4. Feynman diagram of the K3*(1430) — K™y decay in
the p* K*¥ channel with a PPV vertex.

Vv Vv

9r Js

v Vv

FIG. 5. Dynamically generated resonance from the VV
interaction
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of the resonance to a VV channel is given by g, =
gr{%(e(l)iemj + eMig@iy — %6(1)15(2)150’}, F Or § corre-
sponding to one of the channels pK*, wK™ or ¢K*.
These couplings are given in Table II in the isospin basis
and we have to multiply them for the correspondent
Clebsch Gordan coefficient:

L
V3

2 1
K* 1/2, —1/2) = —4|=p  K*" + — pK*0,
lpK*, 1/2, —=1/2) \[3;7 el

The isospin coefficient is denoted as g;. Thus, from
Egs. (14)-(17) we can write the vertices involved in the
diagram of Fig. 4 as

2
|pK*,1/2,1/2>=_\/%,0+K*0_ pOK*+

(18)

PHYSICAL REVIEW D 83, 094030 (2011)
. 1 o P y
i, = glgr{i(e(l)l e+ ele) — 2 6(1)16(2)1511}

_, ¢ ()
ty,y = AgM%/"EJ eNr

tppv, =Ag(pin + Prin) €V = —Ag(2(P — k) — ¢) ,eV¥
a 2

Wy, = B e (P = Doy kyed, (19)

With Vl = K*O’ V2 = p+’ Vf = w, Pl = 7T7a Pf = K+’

2
3’
respectively. The

and the coefficients g;, g,, A, B and A are —
(10901, —i71) MeV, —1, +/2 and 5
Vf — vy conversion essentially replaces, up to a constant,

by 6(7) Therefore, we can write the amplitude of the
dlagram depicted in Fig. 4 as

d4
~it, mawﬂ+==] q{<<méw+e®w®»— emémaﬂawwﬂp K) = @), €7 (P = g)uedk, €

@2m* (2
1 1

1

¢ —M?+ie(k+q—P)?—m+ie(P—q?—M;+ie

X F; X eg,G, (20)

with M, = m k> My=m, m=m, and F; =  will consider them as spatial indices at the end. Thus, after
AB)\g, We should be consistent with the ap- summing over polarizations
pr0x1mat10n Yne in [17,18], where |g|/M, = 0, which
implies that €1” = 0. This means that the u and 3 indices Ze(l)ie(lm — —gin ZG(Z)jE(BZ) — _gig’ 1)
should be spatial and also that the g'q//M3 terms in the X 2
sum over vector polarizations should be neglected. For
convenience, we will keep them as covariant indices and  we get
|
i a'q (1 _ajys @ 1 aiys : )
i oy = @y PP~ K) = (P = Qhakyed) + 5P~ K) = V(P g)ukyes
— L — k) = g (P — g)uky e 5%} :
3 YT TP — M +ie (k+q— P —m) +ie
1
X X F; X eg,G'. 22
P—qF M3 +ie 7% (22)
All the terms of Eq. (22) are proportional to an integral like
d*q 1 1 1
2(P— k) — q)' (P — , 23
(277)4(( )= a)( Q)az —M?+ie(k+q— PP —mi+ie(P—q)P?—M;+ie 23)
I
which from Lorentz covariance must be a tensor built from 1 . . 1 .
P and k. Ekycsgﬂcz(cs’”‘s + €/i79) — geamy‘skye?)é”ag’"a (25)

agl, + bP'P, + ck'P, + dP'k, + ek'k,. (24)
The second and fourth terms in Eq. (24) vanish directly
because P’ = (. After substituting the integrals of Eq. (22)
by Eq. (24) with the correspondent indices, we see that the
first term in Eq. (24) leads to a term proportional to

This term vanishes when one contracts the antisymmetric
operator €% with the symmetric g”. This is a welcome
feature because this term of the integral in Eq. (23) was the
only one that is divergent. The fifth term, ek'k,, leads to
terms proportional to k,k, €*"® and therefore it also
vanishes. The third teml ck' Pa, is the only one that
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remains, but we can still simplify it a little bit. The integral
in Eq. (22) is proportional to

] ’
%cPakye?)(k’e“”‘s + Ker) = 2ce 0k, 5l kP,

(26)

The last term in the above equation vanishes for P! = 0. To
see it, let us split the factor e“’”y‘skyk’”Pa in two terms

Y em0okgkmP, + DD emOkkmP,; (27
m=1,3 m=1,31=1,3

the last term is zero since it is a product of an antisym-
metric operator with a symmetric one. In addition, the
presence of P, forces @ = 0, which makes the first term
also disappear.

Now we must evaluate the ¢ coefficient. Let us use the
formula of the Feynman parametrization for n = 3

1
an 2[ f dy[a+(B—a)x+(7 By
(28)

For the integral of Eq. (23), we can use the above parame-
trization with

a=q2—M%
B= (P qf — M3 @)
'y=(P—q—k)2—m12.

Besides this, we define a new variable ¢’ = g — Px + ky,
such that the integral of Eq. (23) can be expressed as

2 [84 [ [ aver =0 -0/ P =t
(30)
with
s = —(P°)2x? + 2P%xy + ((P°)* —
+ (=2P°%° + M3 — m?)y — M3. (31)

M3 + M?)x

From Eq. (30), we must take the k'P, term. Therefore,
|

PHYSICAL REVIEW D 83, 094030 (2011)

o Lo
2

q/2 + )3
Now we still can perform the integral in the ¢’ variable
analytically:

(32)

1 im?
fd4q/4(q/2 T S)3 = Z’ (33)

and finally, we get

_in x (1=-00—-2)

and the amplitude of the diagram of Fig. 4 as

_ itij
K3 (1430)—K "y

1 - .
= 5cPak.y:sE;y)(k’e“”‘3 + k/€*"®)Feg,G'.  (35)

B. Diagram of the K*(1430) — Ky decay containing
the 3V vertex

Now, we want to compute the second diagram for the
K*(1430) — K7y decay depicted in Fig. 2. In Fig. 6 we
show this diagram with the explicit momenta in the case of
the K*p* intermediate state. The difference with the
diagram calculated in the previous section is the presence
of the 3V vertex, which we can obtain from the Lagrangian
of Eq. (15). This vertex and the anomalous V'V P vertex are

ty,vy, = 8D{(2k + g — p)#gpe(zm v
—(k+P— Q)ME(’/Z) eDu v
+ Q2P —¢q) — k) e(l)g(f')ME(Z)V}
G
tVIVle = —-B— 5 aﬁ?’ﬁq E(l)(k+ q— P) 6(1) (36)

with D = /2, B=1, and g1 8~ A in Egs. (19) are —\/?,
(10901,
write the amplitude of the diagram in Fig. 6 as

—i71) MeV, = respectively. With this, we can
/2 resp y

~H sty = (54‘;4{ (e + e — 2 e<”e<2)5~} B0 g€ (k+q — P),
X 6(5[){(2]( +q— P)Me(,,l)e(z)“e(y)” —(k+P— q)Meg,z)e(l)“e(V)” + Q2P —gq)— k)Meg)e(V)“e(Q)”}
1 1 1
E M it g PP M TieP—qf —MErie 1% e8C G7
with Fj = — L ¢;BD . The way to proceed is very similar to that of the previous subsection, with the only difference in the

use of the Lorentz condition, k,, eMr = (. Now, we get two kinds of integrals. The first one is

1

1 1

[

— M} +ie(k+q—P)P?—M:+ie(P—q)P—M;+ie

(38)
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K0(g)

— > — _ K*P—k)

K**(1430)(P)
p(k+q—2P)

pH(P—q) )
p

FIG. 6. Feynman diagram of the K;*(1430) — K™y decay in
the p* K*¥ channel with a 3V vertex.

which from Lorentz covariance takes the form
a, P, + bk, (39)

After contracting with the term k,P5;e*”°, this integral
becomes zero. The second integral is

ij
’t1<‘+(143o)—»1<+

with
] 1 X -2
by =1 2[ dx[ a2 =2 : )
1677 Jo 0 K 3)
i jld ]Xd x2—y)
) =— X =
27 96m2 Jo N Py
and
s’ = —(P%)2x? + 2Py + ((PY)> — M% + M%)x
+ (—2P%° + M2 — M2)y — M2, (44)

The sum of the diagrams in Figs. 4 and 6, from Egs. (35),
(34), (42), and (43), gives rise to the following amplitude:

1
lt +(1430)—>K+ = E(b/zkap,y + (Cl - Clz)Pak.y)
X (ki e®iv® + kiexiv®)eVeG!,  (45)
with
by =g F by =gFc = gFc. (46)

In order to compute the decay width of the pro-
cess K37(1430) — K"y, we need to evaluate the
squared amplitude summing over polarizations, i.e.,
5771 2, 2on, Lij(17)". The sum over the polarizations of

the photon 3 6(7) (y) leads to a factor —g 5. In addition,

products of the antlsymmetrlc €“P7% operators appear, for
what we make use of the rule

aal /

g gy &Y
6aﬂy5eg/g - _ gﬁa’ gg, gﬁy’ , 47)
ya! Y vy
g gy 8

with B, B’ spatial indices. Finally, we find

PHYSICAL REVIEW D 83, 094030 (2011)

d4
2k + Pfi
2 )4q“( 1P T e
1 1
X 40
(k+q—P)2—M,2+ie(P—q)2—M§+ie( )

which takes the form
a8l + bykok + e,k P, + dyPiky + e,PIP,.  (41)

The last two terms are zero since P/ = 0, and the first one
disappears because it gives rise to the factor gl,e*?® +
gh,€%v% = (. The final amplitude is a function of the b,
and ¢, coefficients, and it can be expressed as

| o
= — E(k’e"‘”"s + k’e“”‘s)egy)(—bzkaPy + ¢,P .k, )Fieg, G (42)

[

2|b) + ¢ — c!*(eG)~

22
(48)
The K5*(1430) — K™y decay width is
F(K§+(1430) — K*ty)

1
T 87 2J+1

We must include not only the K*p channel, but all the
possible channels listed in Table II: the K*w and K*¢
channels. The different Fy, F| for each channel r are listed
in Tables III, IV, V, VI, VII, VIII, IX, and X in the
Appendix. Therefore,

/ _ FI(r)gr
=1 fdx[ dy(1 — x)(y — 2)2

1 X
/= _
b2 16w2ﬁ)dx[odyy(
Lo e F(r)g
I — _ I r
2 16772,[0dxfo dyx(2 y)z S

For completeness, we show s, s', Fy and F| again,

|k|5|b’ + b = HeG)? (49)

2)2 FI(r)gr (50)

s = —(P°)?x? + 2Pk%xy + ((PO)2 - Mg + M?)x
+ (=2P°%° + M3 — m?)y —
s' = —(P°)%x2 + 2P xy + ((PO)2 — M3 + M})x
+ (=2P% + M3 — M)y — M} (51)

1
FI = \/_EAB/\g]

1

5
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TABLE III.
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K*" decay diagrams involving the pK* channel and the PPV vertex.

Vi Vs P, Ve Py

>

F] F,‘ (KCV)

B A 81
+0 + - + _ i _ | 1
K p m o K 1 V2o s 3 35 6.05
*+ 0 0 + 1 1 — L 1
K P — e K 5 2 55 N
0 et - 0 + 1 i I _ _
1 1 _ 1
@ Na) 32 1243
¢ 1 -3 o
+ () 0 0 + _ 1 1 ) 1
P K R 0 K | 5 % ‘/; S
1 1 — 1
@ V2 32 63
¢ I &
ot 0 0 + _2 2 1 _1 2
/ 1 b 1 _ 1 _
5 E kom0
TABLE IV. K*" decay diagrams involving the wK* and ¢K* channels and the PPV vertex.
Vl V2 Pl Vf Pf A B A 87 FI F,(KeV)
K** w = P KT -5 V2 5 -1 0.77
w K+ K- p® KV % 5 5 1 i 0.07
w 1 1 1
Na 32 12
’ Lo -4
Kt 1)) n 1) K* —725 725 ﬁi 1 —% 9.5 X 1072
¢ 0
7 + G o 1 L 32% 1073
¢ 0
¢ Kt Kk p® K -1 7‘5 715 1 —ﬁi 84X 1072
w 1 1 _ 1
A 32 62
¢ 1 -3 s
Kt 1) n ) K* 0 0.17
_2 _2 _ _22
¢ 5 v ;1 5
n' ® 0 2.6 X 1072
1 > _1 _\2
¢ % 2435 ;0 1 5

C. The decay of the a; (1320) — #w"y

This case is identical to the former ones, only the cou-
plings change in this case. Hence we use the same formula
as in the former sections and the values of the coefficients
for the different diagrams of Fig. 3 are shown in Tables IX
and X in the Appendix. For the momentum value in the
final state |k|, we use the one calculated from the physical
mass of m,, = 1320 MeV rather than the calculated one,
m,, = 1567 MeV. In this way we discuss essentially the
coupling of the dynamically generated a, to my.

II1. RESULTS

We evaluate the results for the two reactions where there
are data, the K57 — K™y and the K3° — K%y decays. We
include the four types of diagrams of Fig. 2, where there is
exchange of pseudoscalar or vector mesons, with or with-
out strangeness, taking into account the three channels to
which the resonance couples, pK*, @ K* and ¢ K*. For the
case of the a,(1320) — 7"y we include the diagrams of
Fig. 3. All the possibilities from Fig. 1 and partial widths
for each different loop are given in Tables III, IV, V, VI,
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TABLE V. K*0 decay diagrams involving the pK* channel and the PPV vertex.

Vi V, P, vy Py A B A 81 Fi I';(KeV)
K*0 p° 0 o K° % V2 3 NG on 6.05
K** p- mt w K° -1 V2 ﬁi —\/g ﬁ?
p- K K- p0 K1 I T 0

© E “oh

¢ 1 -3 e
o0 K0 RO o0 KO _ ﬁ _ 715 ﬁ % ﬁ

© Ew “nv

0 L &
K*0 p° n p° K° - 72; % % ﬁ - ﬁ? 6.78

TABLE VI. K* decay diagrams involving the wK* and ¢K* channels and the PPV vertex.
Vl V2 P/ Vf Pf A B A 81 FI FZ(KCV)
K o 7 p° KO & V2 5 1 ! 0.77
w K K p® K° % -5 5 1 -1 0.28
w 1 1 1
N:) 32 12
s I -4
K*0 1) n 1) K° —725 7% 312 1 —% 9.5 X 1072
¢ 0
1 2 1 1 -
0w L o ! L 3.4%1073
¢ 0
¢ K*0 K° p° K° -1 - 713 7‘3 1 ﬁi 0.34
1 1 _ 1
@ V2 32 632
1 1
¢ 1 3 NG
K*0 1) n 1) K° 0 0.17
_2 _2 _1 _22
¢ 7 7 3 5
n’ w® 0 2.6 X 1072
¢ I A

VII, VIII, IX, and X in the Appendix. The total sum of all
the contributions of these diagrams is mostly constructive
for the K3*(1430). In contrast, the interference between
these diagrams is very destructive in the case of the
K3°(1430). We have evaluated the uncertainties in the
theoretical decay widths by assuming errors in the cou-
pling constants A g which were found to be of order 15% in
Ref. [18]. The errors in I" are obtained generating random
numbers of the couplings g; weighted by the normal
(Gaussian) distribution:

flx) = %e((xg)2/202)’ (52)

o2

for which the von Newmann rejection method is used. The
average value of a sample of 30 results and its standard
deviation are taken for I' and its uncertainty. The results
that we get are discussed below.

In the first place we evaluate separately the contribution
of the diagram with two vectors [Fig. 1(a)] and three
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TABLE VII. K*" decay diagrams involving the 3V vertex. Terms which involve a yK*K*

coupling with a neutral K* are zero and are omitted from the table.

#0 + 0 - + 1 —./2 1
K p p p K N T N A" 12.8
p° K* p* KT K'Y 5 5 B Th i 231
1 1 1
@ 2 32 2
_ _1 1
¢ 1 3 o5
w+ 0 *— + 1 1 1 -1
w 1 1 — L
2 32 12
s - g
¢ Kt p° K*~ K* 7‘5 1 7‘5 1 - ﬁi 0.56
w 1 1 _ 1
2 3V2 62
o -1 -4 _—
TABLE VIII. K*° decay diagrams involving the 3V vertex. Terms which involve a yK*K*

coupling with a neutral K* are zero and are omitted from the table.

Vl V2 Vf V/ Pf D B A 81 F{ FI(KCV)
aot - 0 + 0 _ 1 _ _ 1
K o P p K N U S V2 * 12.8
—_ s 0 *— 0 1 1 _ /2 1
w 1 1 1
Na 32 63
— _1 1
¢ 1 3 33
TABLE IX. a* decay diagrams involving the PPV vertex.
Vi Vs P, Vi Py A B A 81 F; I';(KeV)
0 ot + 0 + _ 1 1 _ 1
® 1 1 _ 1
Vi 32 62
_1 1
¢ 1 3 33
s+ 0 0 0 + 1 1 _ 1
w 1 1 1
Vi 32 62
1 _ 1
¢ 1 3 W2
pt w 0 p° ot -2 V2 715 -1 1 18.8
TABLE X. a' decay diagrams involving the 3V vertex. Terms which involve a yK*K*

coupling with a neutral K* are zero and are omitted from the table.

Vl V2 Vf V[ Pf D B A 81 F{ T,(KeV)
RO Kk 0 KT w1 &1 L 89
1 1 _ 1
@ N 32 62
¢ -1 -1 -
w pt pP pr ot V2 V2 ﬁ -1 1 8.6
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vectors [Fig. 1(b)]. The results (without error estimated)
obtained are

Uik (1430)— K+ ), ppv = 46.6 KeV,
Uikt 14300k 9)3v = 28.2 KeV,

F(K;0(1430)—»k0y),ppv = 0.19 KeV, (53)
Lk01430)—k05),3v = 0.29 KeV,
F(a+(1320)—»7r+y),ppv = 65.7 KeV,
L0 132007+ ), 3v = 34.8 KeV.

This is done only for the purpose of showing that the
contributions of the two mechanisms are of the same order
of magnitude, which means that both are important and
must be taken into account.

In order to obtain the decay width one must sum the
amplitudes of the two mechanisms, which are constructive
in the cases of the K3 and a3, and destructive in the case
of the K;°. We have seen that in the case of the K3°
we obtain a complete cancellation of the amplitudes
when the masses of the pseudoscalar mesons are made
equal and also those of the nonet of vectors. Thus, the
result seems to be tied to the neutral charge of the K3°,
providing the same result as quark models for the same
reason. The small finite results that we obtain are due to the
use of the physical masses within the SU(3) multiplets.

The final results obtained from the sum of the ampli-
tudes of both types, including uncertainties evaluated ac-
cording to the discussion around Eq. (52), are the following

I'(K3* — K*y) = 150 = 50 KeV

, - (54)
(K" — K%) = (1.0 = 0.8) X 1072 KeV

T(a,(1320) — +y) = (196 + 30) KeV. (55)

These results should be compared with the experimental
widths

T(Kit — K*y) = 236 + 50 KeV
(K3 — KO) = <98 KeV
I'(af (1320) — 7*y) = 281 * 34 KeV (56)

where we have summed in quadrature the error in the
branching ratio of Eq. (1) and the one of the total width
of the PDG. As we can see, the result for the charged K3
is compatible with the data within errors and for the one of
the neutral K3° we can see that the width for K3° — K%y is
very small compared to the K;© — K*vy and the upper
bound is fulfilled. It would be interesting to have this upper
bound improved experimentally, since we predict such a
small number for the width.

PHYSICAL REVIEW D 83, 094030 (2011)

For the case of the a,(1320) the agreement with data
can be considered qualitatively. Considering errors the
maximum theoretical value would be 226 KeV and the
minimum experimental one 247 KeV. Let us mention that
we have not changed the values of the coupling constants
of [18]. Should one redo the evaluation of these couplings
with an improved mass for this resonance we should expect
small variations, adding to our present error estimates.
Yet, the large mass difference between the state obtained
in [18] and the experimental one should be taken as an
indication that further components to VV should be
present in the physical state a,(1320), so there is
no point in demanding a more accurate agreement with
data. In any case it is more indicative to see the ratio of
I'(K3* — K*y)/T'(ay — 7" y) which in our case is
0.77 £ 0.30 compared to the experiment 0.84 = (.20,
which show a good overlap.

IV. CONCLUSIONS

We have studied the decay of the K3*(1430), K3°(1430)
and a,(1320) into a photon and a pseudoscalar meson. The
states considered are those generated dynamically from the
vector-vector interaction in [18] that can be assigned to
known resonances and that decay in this mode. The evalu-
ation of the width required the consideration of loop dia-
grams involving the coupling of the resonances to the
constituent vector-vector channels, plus some anomalous
couplings. We find that the loops become convergent and
we can evaluate finite values for the decay rates by making
an approximation consistent with the VV molecular pic-
ture. The results obtained for the width of the K3 (1430)
are well within the experimental values considering errors.
For the case of the K;°(1430) we found a very small width,
well below the experimental upper bound of the PDG.
It would be worth trying to improve on this boundary since
our results are so much smaller than the present bound.
The case of the a,(1320) is a bit more problematic,
since the mass obtained theoretically is 1560 MeV with
standard values of the subtraction constants. Yet, we
found qualitative agreement between the results of the
ay — 7"y with the experiment for aj(1320) — 7" y.
The agreement with experiment is better for the ratio of
(K3t —= K*y)/T(ay — 7" y).

In any case it is worth stating that our picture for
these states as molecular states of vector-vector is passing
repeatedly the different test demanded by experiment,
as the one presented here and those commented in the
Introduction. The results obtained are adding progressive
support to the idea of the K3(1430) and other related
resonances found in [18] as dynamically generated from
the vector-vector interaction.

Nevertheless, in spite of all the arguments given in
favor of the dynamically generated vector-vector states,
the fact remains that the tensor states f,(1270), f5(1525),
a,(1320), K3(1430) are well reproduced in the quark
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model, including many of their decay modes (see, e.g.,
[23-29]). This success in both models may reflect the fact
that the constituent quarks in quark models are objects
effectively dressed with meson clouds and the overlap
between the molecular picture and the quark model picture
could be bigger than expected in some cases [47]. It
remains to see if future measurements of new magnitudes
could prove that one picture is more adequate than the
other to represent an, admittedly, more complex nature. For
the moment we have shown that the molecular picture has
passed this nontrivial test, often suggested as crucial to
learn about the nature of hadronic states.

PHYSICAL REVIEW D 83, 094030 (2011)
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