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Radiative B(B?) — J/wy decays provide an interesting case to test our understanding of (non)
perturbative QCD and eventually to probe physics beyond the standard model. Recently, the LHCb
Collaboration reported an upper bound, updating the results of the BABAR Collaboration. Previous
theoretical predictions based on QCD factorization or perturbative QCD have shown large variations due
to different treatment of nonfactorizable contributions and meson-photon transitions. In this paper, we
report on a novel approach to estimate the decay rates, which is based on a recently proposed model
for B decays and the vector meson dominance hypothesis, widely tested in the relevant energy regions.
The predicted branching ratios are Br[B® — J/yy] = (3.50 & 0.347)43) x 107® and Br[B — J/yy] =
(7.20 £ 0.68773)) x 1077. The first uncertainty is systematic and the second is statistical, originating from

the experimental BY — J/y¢ branching ratio.
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I. INTRODUCTION

The study of weak B decays is turning into an unexpected
very valuable source of information on hadron dynamics
[1,2]. The B and B, decays into J/y and a pair of pions
brought surprises showing that in the B? decay the two pions
produced a big signal of the f,(980) resonance and no trace
of the £(500) [3-8], while in the B® decay the two pions
contributed strongly in the f;(500) region and made only a
small contribution in the f;,(980) region [9,10]. A study of
these processes taking into account explicitly the final state
interaction of the pions, together with its coupled channels,
gave a good interpretation of these features [11], providing
support for the picture of the chiral unitary approach, where
these two resonances emerge as a consequence of the
interaction of pseudoscalar mesons in coupled channels
[12-18]. Similarly, the study of B and B, decays into J/y
and a vector meson [19] gave support to the picture in which
the vector mesons are basically made of ¢g [17,18].

For the B(B,) — J/wy decays, only upper bounds for
their branching ratios of the order of 107 are available so far
[20,21]. Theoretical studies of these decays are available and
they use the naive factorization, or QCD factorization [22],
perturbative QCD with the K7 factorization [23], or other
kinds of factorization approximations [24]. In the present
paper we address the problem in a different way, establishing
alink to the B(B,) — J/yV decays, with Va vector meson,
which were studied in [19]. The link to the B(B,) — J/yy is
then established by converting the vector meson V into a
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photon, using for it the vector meson dominance (VMD)
hypothesis [25], which is most practically implemented
using the local hidden gauge approach [26-28]. The intricate
form factors stemming from the weak decay and QCD
matrix elements are taken into account by using the
experimental value of the BY — J/w¢ decay width. This
new way of addressing the problem provides rates which
should be rather accurate, and they come at a moment where
the rates obtained from the other theoretical approaches
differ sometimes by 2 orders of magnitude. Also significant
is the fact that, while the rates obtained are below the present
upper bounds, the branching ratio for BY — J/yy is only
one order of magnitude smaller than the present exper-
imental bound. This should serve as a motivation to push the
experimental limits to get absolute values for this rate that
could shed some light on the theoretical methods to address
the problem. More problematic is the B — J/yy decay,
where we predict a rate about 2 orders of magnitude smaller
than the experimental bound, but should this rate be
measured it would also help us understand better the relevant
physics behind these processes.

The paper is organized as follows. In the next section we
present the formalism. Section III considers further theo-
retical uncertainties and compares the final results with
those of other theoretical approaches. We finish with some
conclusions in Sec. IV.

II. FORMALISM

The idea that we follow is to link the B — J/yy
and BY — J/yy reactions to B® — J/yp, J/ww, and
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FIG. 1.

BY — J/y¢ by converting the neutral vector mesons into a
photon. For this purpose we use the Sakurai VMD
hypothesis [25], which is most practically implemented
using the local hidden gauge approach [26-28]. The
B°(BY) — J/wV production is addressed following the
work of [19], which we describe briefly below.

The B° and B decay mechanisms at the quark level
are given in Fig. 1 [11,29]. The first thing to note is that
in diagram (a) for the B decay one has the quark
transition cd, which requires the Cabibbo-Kobayashi-
Maskawa (CKM) matrix element, V., =siné,, and
hence is Cabibbo suppressed. On the other hand, in
the decay of BY, diagram (b), one has the cs transition
that goes with the CKM matrix element V., = cosé,,
and hence the process is Cabibbo favored. In both decays
we create a cc pair that will make the J/yw meson and an
extra pair of quarks, dd in the B® decay and s5 in the B?
decay. In [11] this extra pair of quarks is hadronized,
including a further ¢g pair with the quantum numbers of
the vacuum, in order to have two mesons in the final
state, in addition to the J/y. But here we are interested in
the production of p, w, ¢ in addition to the J/w. Then it
is most opportune to mention that the studies conducted
to determine the nature of mesons in terms of quarks
conclude that the low-lying scalar mesons come from the
interaction of pseudoscalars, but the low-lying vector
mesons are basically gg states. This has been thoroughly
tested by using large N arguments in [17] or applying an
extension of the compositeness Weinberg sum rule
[30,31] to states not so close to threshold [32-34] and
in particular in Z # 0 partial waves [35,36]. Indeed, in
[35], using experimental data and the generalized sum
rule, one concludes that the amount of 7z in the p wave
function is very small, of the order of 10%. The same
conclusion is obtained for the Kz component in the K* in
[36]. This means that the gg component is the basic one
in the wave function of the vector mesons and we shall
adhere to this picture. In view of this, from Fig. 1, we
can already describe the production of the p, w, and ¢
mesons in addition to the J/y. For this we recall that the
wave functions of these mesons in terms of quarks are
given by
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Diagrams for (a) B® and (b) B? decays into c&, making J /i, and a pair of light quarks.

= = (- dd). 1)
w:%(uﬁ+dc_l), (2)
¢ = s5. (3)

Next, as done in [11,19], we refrain from doing an
elaborate evaluation of the matrix elements involved in the
weak decay and factorize them in terms of a factor V', in
view of which, the amplitudes for J/wV production are
given by

1

tl_BO—xl/y/pU = \/i V/p Vcd’ (4)
1

I3 ) jyar = 7§V}Vcd, (5)

I3y wp = V;Vcs’ (6)

where we have explicitly spelled out the CKM matrix
elements that distinguish one process from the other.

In [19] it was shown that using Eqs. (4)—(6) and similar
ones for B® — J/wK*® and B? — J/wK*, the rates
obtained for these decays, relative to one of them to
eliminate the factor V',, were in very good agreement with
experiment [37]. The same conclusions were reached in the
study of the B® — D% and B? — D°K*? in [38] and in the
study of the semileptonic DY, D*, and D° into p, w, K*,
and ¢ done in [39]. In view of this, we proceed to convert
the vector mesons p°, , ¢ into a photon in order to have
J/yy in the final state.

For this we need the Lagrangian for this conversion, that
is obtained from the local hidden gauge general Lagrangian
[26-28] as [40]

Ly, = —M%§Aﬂ<wg>, (7)
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FIG. 2. Diagrams for (a) B® = J/yy and (b) B® — J/wy using vector meson dominance.

where e is the electron charge, e?/(4n) = a = 1/137,
g is the universal coupling in the local hidden gauge
Lagrangian, ¢ :%, with My the vector meson mass,
which we take as My, = 800 MeV, and f, = 93 MeV the
pion decay constant. In Eq. (7), A,,, V# are the photon and
vector meson fields and Q = 1/3(2, -1, —1) is the charge
matrix of the u, d, and s quarks.

The diagrams for the y production are now shown in
Fig. 2. The vector meson field in Eq. (7) is an SU(3) matrix
and the symbol () stands for the trace of V#Q. The field V*

is given by

0
Genooe K
Vi = P - \% +5% K 0 (8)
K+ I_(*O ¢

and then the Vy Lagrangian can be written more simply as
Ly, = —M%,gAﬂf/”Cyv, 9)

where now V* stands for the °, w, ¢ fields and

for p°
for w . (10)
for ¢

C}/V —

W=

S o

wl—

The matrix elements for the diagrams of Fig. 2 are
given by

- itB°—>]/y/V(V—>y)

i e
bt iomzlc,.
q2 _ M%/ Vg 4

(11)

A bit of algebra, summing over the V polarization, yields

pvpy e
IR0y jyv(V—y) = ~IBO—s/pv <—9ﬂy =+ e )GU(Y)ECW
v

= _itBO—M/y/Ve;t(V)eu(v)ey(y)

e
= [BO—>J/I//V€ﬂ (}’) 5 C}'V’ (12)

where pf, stands for the vector (equal to the photon)
momentum, and for the moment we do not put the structure
of the B — J/wV in terms of the vector polarization. We
simply show that the polarization of V gets converted into
the one of the photons with some factors. Omitting the
polarization of the photon in Eq. (12), as we have done in
Egs. (4)-(6), we can write

; vy e< 111 1)
_0_> = ¢ —_ —_—— -
Bodlvr = Tp e g\ " a2 V2342
e 1
ViV (—g), (13)

e 1
1Bt yy = V/chsg <— g) (14)

The decay widths for B°(BY) — J/wV and B°(BY) —
J/yy are given by

11

Ugo_ s/ = Fy— (V)2 Vespy, (15)
B
1 )
Uiy = 8z m2, |10~ 1y Py (16)
BS

and similar ones for B° decays, where p,, p, are the
absolute value of the ¢, y momentum in the BY rest frame.

Since we do not explicitly evaluate V'), we perform ratios
of widths with respect to I'go_, /4, and we take I'go_, ;4
from experiment [37], i.e.,

Tpo_ /g = (1.0010738) x 1073 x T, (17)

Hence, the ratios we are interested in are

FBO"J/W :V_gd<f)2l& <@)2 (18)
Cao_ypg Ve \9) 9Py \mpo
oy 1 <E>2ﬁ (19)
FB?—J/V/Q{) 9 g p¢

Taking into account the CKM matrix elements,
Veq = —sinf, = —0.22534, V. =cosf, = 0.97427, we
obtain
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FBO

~EIr — (3.324096) % 1078, (20)
Fgg :

g,

“B=Ilr  (6.21729) % 1077, (21)
FB‘S’ :

where the errors are the same relative errors of Eq. (17). For
practical purposes, we can take I'go = I'go (which differ
only by a few percent [37]) and, thus, Eqgs. (20)—(21) give
branching ratios.

It is interesting to compare the results of Eqs. (20)—(21)
with the present experimental bounds for these branching
ratios. The LHCb’s recent work [21] quotes at 90% con-
fidence level

U5 s

1.5 % 1078, 22
Tp (22)
F_
“BIr g3 1076, (23)

As we can see, the results that we obtain from Egs. (20)—
(21) are consistent with the experimental bounds of
Egs. (22)—(23). It is interesting to note that the rate we
obtain for I'go_, ;,,, is much smaller than the present bound,
but the rate that we get for I'zo_,;,, is only 1 order of
magnitude smaller than the present bound.

At this point, and before we go into a discussion of the
spin structure of the amplitudes in the next section, we
would like to situate the work into a more general context.
The mechanism that we use for the decay classifies into
what is denoted as long range processes in [41-45]. In these

—————— SDf----------K"

(@)

©

FIG. 3.
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works, the processes B — yK*, B — yp have been studied
and the mechanisms are separated into a short range part
and a long range part. The long range part is evaluated
using the concept of vector meson dominance, much as it
has been done here. Schematically, the mechanisms are
depicted in Fig. 3 for the B — yK* decay. In [41-43] it was
found that the short range diagram (a) dominated the
amplitude. The explicit mechanism responsible for the
large contribution of diagram (a) is depicted in Fig. 4
[45-47]. The penguin diagrams of Fig. 4 are dominated by
the two-quark intermediate states [45] and they lead to a
branching fraction B(B® — yK*0) = (4.33 £ 0.15) x 107>
[37]. The rate is about a factor 30 larger than the boundary
for B - J/yy quoted in Eq. (22), indicating that the
equivalent short range mechanism might be absent in the
B — J/yy reaction. This would not be an exception
since in [45] it was found that the short range terms are
much smaller than those of the long range in the radiative
decay of charm mesons. In order to shed some light on
this issue, we plot in Fig. 5 the four mechanisms of Fig. 3
for B, — J/wy considering the explicit form of Fig. 4 for
the short range mechanism. We can see that diagram (a),
which includes the b — sy transition that was found to
have a large value in [41-45] for the B — yK* transition,
does not lead to J/y in the final state. It would instead
contribute to B, — y¢ and actually we can see that the
branching fraction for this mode is indeed large,
B(BY - y¢) = (3.52 £ 0.34) x 107>, On the other hand,
diagrams (b), (c), and (d), described as long range in [41],
all can lead to J/w in the final state through the
combination of cc. The diagram that we have calculated
corresponds to diagram (b). With this perspective we
can justify the suppression of the mechanisms of (c) and

(d)

Diagrams for B — yK*: (a) short range processes; (b)—(d) long range processes (n indicates possible intermediate states).
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FIG. 4. Basic diagrams involving the b — sy transition responsible for the short range part in B — yK*.

V)
Ql

FIG. 5.

(d) with respect to (b). Indeed, diagram (b) has the weak
process in just one quark of the original B;, while (c) and
(d) involve two quarks. These processes, including two
body matrix elements, are usually penalized with respect
to those including only one body (see discussions in
Sec. IV of [48]). On the other hand, in diagram (c), one
has an intermediate b5 state which is off shell by the
energy carried out by the photon (about 1.7 GeV), and in
diagram (d) the cc intermediate state is off shell by about
the same amount. The double penalization should make
these two mechanisms small compared to diagram (b),
which would be the dominant term for this reaction.

III. POLARIZATION STRUCTURE OF THE
VERTICES AND COMPARISON WITH
OTHER WORKS

So far, we have not paid attention to the structure of the
B — J/wy vertex. In fact, we can have two possible
structures, one that conserves parity (PC) and another

I

(d)

Diagrams of Fig. 3 made explicit for BY — J/yy.

one that violates parity (PV), both of which are allowed
in the weak decay. The structures are

VPC = e/waﬂeﬂ (‘]/W)qy(‘]/w>€/a<v)q/ﬂ<v) (24)

where ¢, ¢’ are the momenta of the J/y and V, respectively.
For the case of photon production, ¢’ and ¢’ will then stand
for the photon. The other structure is given by

Vpv = (J/w)e" (V) (9w 4 — qua,)  (25)

and again €', ¢’ would be the polarization and momenta of
the photon for the case of photon production. Note that in
the case of photon production the two structures are gauge
invariant. These two structures are explicitly used in the
theoretical works [22-24,43].

For the case of Vy in the final state, the two structures
guarantee gauge invariance, but for the case of V'V such
restriction is not necessary in principle. This issue was
widely discussed in [43] since by starting with a more
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general amplitude for VV and implementing the vector
meson dominance (VMD) Vy conversion Lagrangian of
Eq. (9), the resulting amplitude might not be gauge
invariant. Some prescription is given in [43], eliminating
the longitudinal-longitudinal V'V helicities in the VV
process and then applying the VMD conversion. While
this can be a reasonable approach, we would like to recall
that a systematic study of the VV and Vy processes using
the local hidden gauge approach [26-28] to deal with
vector mesons and their interaction produces gauge invari-
ant amplitudes after the Vy conversion via Eq. (9). This
comes after subtle cancellations due to a contact term and
vector exchange interactions. This has been shown explic-
itly in the radiative decay of axial vector mesons in [40] and
in the yy decay of the f,(1370) and f,(1270) resonances
[49]. In view of this, and to guarantee the forms of Egs. (24)
and (25) for the case of B — J/yy decay, we assume
the same structure for the VV decay, which leads to
Eqgs. (24)—(25) upon the VMD transition of Eq. (9). In
[44] a final state interaction of the pp in the B — pp — py
process is taken into account. We do not do that explicitly
since this would be accounted for by our B — VV
amplitude of Eqgs. (24)—(25). Explicit evaluations of this
interaction are done in [49] following the V'V interaction of
the local hidden gauge approach in [50,51]. Nonetheless, in
our case with J/y-light vector meson interaction, this
interaction is weak and proceeds through coupled channels,
since the tree level J/yV interaction is zero because we
cannot exchange a gg pair from the cc pair to the light
vectors.

In the evaluation of the rates of B°(BY) — J/yV in [19],
the explicit structure of the vertices was irrelevant, as far as
one takes the V' vector masses to be equal, which is a good
approximation. However, here, the structures can give some
different weights depending on whether one has a vector
meson or a photon in the final state. Hence we evaluate the
weights of these structures for the particular case that we have.
We find after summing over polarization of the vector mesons
or the photon (we get the same structure in both cases)

S WeclP=2(g-4)* - 4*¢%)  (26)
FRT
S Y WVel=2a-aP e (27)
PR
where g*> = M7, . q"* = M3, or0 (for V ory production), and

q-q =5 (M350, — M3,

B(E) - M) (28)

N[ =

The fact that Egs. (24)—(25) are gauge invariant guar-
antees that only the transverse polarizations of the photon
contribute. This can be easily shown by explicitly taking
the sum over the transverse photon polarizations

PHYSICAL REVIEW D 94, 014018 (2016)

914,
ZQ(J’)Q‘(Y) =0 — #2] (29)
2 q

instead of the covariant one ) _¢,€, ~ —g,, valid for gauge
invariant amplitudes. In both cases, one reproduces the
results of Egs. (26)—(27).

So far, in the results we have shown in Egs. (20)—-(21),
the structures Egs. (26)—(27) are not taken into account. In
order to evaluate the ratios of Egs. (18)—(19), taking into
account these vector structures, we would have to multiply
these ratios by the following ratio,

>; 2z |Vec(py)|? for photon
R = 5 ,
doador |VPC(PV)| for ¢

which is shown in Table I.

Taking into account these correction factors as a source
of systematic uncertainties, together with the statistical
ones of Eq. (17), we obtain

(30)

Br[B’ — J/yy] = (3.50 £0.347043) x 1078, (31)
Br[BY — J/yy] = (7.20 £ 0.68773)) x 1077, (32)

It is interesting to compare these results with other
theoretical calculations [22-24]. In [22] the authors present
two calculations; one of them uses the naive factorization
and the other considers nonfactorizable contributions. In
[23], the authors use perturbative QCD based on K7
factorization, where the Br(B® — J/yy) rate is evaluated
explicitly and then the Br[B? — J/yy] is obtained using
SU(3) arguments. In [24] the factorization approximation is
used, taking into account the photon emission not only
from the B-meson loop but also from the vector-meson
loop. All these results, together with ours, are shown in
Table II. One can easily notice the large variation among
the results, which can differ by 2 orders of magnitude. The
results that we obtain for the two decay rates are in the
middle of the other theoretical results. It should be noted
that in our approach, the relatively small Br[B® — J/y7]
compared with Br[BY — J/yy] can be traced back to the
ratio |V.4/V|*> = 1/20, like in [23].

One should note that the approaches seem totally differ-
ent, but they are not so. The elaborate calculations done in
[22-24] would go in our approach in the evaluation of
BY(B?) — J/wV, which we do not do explicitly. Instead we
use the experimental value of BY — J/w¢. Then, with the

TABLE I. Values of the R correction factor of Eq. (30).

R Vrc Vpy
N 1.15 0.95
Urosjuy 1.27 1.05

014018-6



NOVEL NONPERTURBATIVE APPROACH FOR RADIATIVE ...

PHYSICAL REVIEW D 94, 014018 (2016)

TABLE II. Values of different theoretical evaluations.

Models Br[BY — J/yy] Br[BY = J/yy]
Naive factorization [22] 5.40 x 1078 1.40 x 1076
QCD factorization [22] 2.44 x 1070 5.80 x 1078
Perturbative QCD K factorization [23] 4.5x% 1077 5.0x 107
Factorization approach [24] 7.54 x 1077 1.43 x 1077

This work

(3.50 £0.34743) x 1078

(7.20 £ 0.687731) x 1077

help of Ref. [19], where one relates theoretically the
different B°(BY) — J/wV decays, and the VMD hypoth-
esis, we can evaluate finally the rates of Egs. (31)—(32).
One should note that the form factors used in [22-24] also
rely on some other observables for their determination. In
this sense, it is not so much the physics, but the strategy to
get the rates, which changes from our approach to the other
ones. The fact that we obtained very good rates for the
BY(BY) — JyV decays in [19] and the reliability of the
VMD in the range of energies studied here should made our
predictions rather solid. Indeed, explicit application of the
local hidden gauge approaches and vector meson domi-
nance gives good rates for f,(1270) — yy and f(1370) —
vy [49], the two-photon and one-photon, one-vector decay
widths of f,(1370), f,(1270), fo(1710), f5(1525) and
K’ (1430) [52], and others [53].

It is interesting to note that the branching ratio that we
get for BY — J/yy is just 1 order of magnitude smaller than
the experimental bound. With increasing statistics in
present facilities, this should serve as an incentive for
extra experimental efforts in this reaction to determine an
absolute rate.

IV. LOOP CORRECTIONS

The mechanism of Fig. 1(b) for BY — J/y(s5) is color
suppressed compared with the mechanism for B — D Dy
depicted in Fig. 6, which is color favored. In view of this,
one may wonder why the loop correction BY — D¥D; —
J/wy could not compete with the tree level process studied
so far. To answer this question we evaluate the contribution
of the loop of Fig. 7.

The evaluation requires the use of the Lagrangians

Lypp = —ig([p, 0,$]|V*), (33)

where g =¥ with My ~800 MeV and f, =93 MeV.
The matrices ¢ and V¥ are extended to SU(4) to accom-
modate the D, and J/y mesons and are given in [54]. As a
consequence we find

_itj/y/,DjD; = ige’;/w(2q - k.]/l[l)/,t' (34)
The coupling of the photon to the pseudoscalar mesons is
equally given by

—l.tny;D; = le€¢(2q - k//l// - P) (35)

W

with €2/(4x) = a~1/137.

Since there is much phase space for the BY — DI Dy
decay, the loop function is dominated by the positive
energy part of the D, D7 propagators emerging from
the BY and the loop function is also dominated by its
imaginary part [12]. Then we can write in the rest frame of

the BY(P = 0)

t / &g 1 1
= e - S
(27)* " 20(G) ¢ —w(G) + ic
1 1 1
20(q) P° — ¢° - 0(q) +icq’ =k, — @/ (q) + ie
y 1
q° =Ky, + ' (q) —ic
X e‘l;/w(zq - kj/v,)”e;’j(Zq - kJ/l// - P)VF(Q - kJ/(//)
(36)

X

with gg the coupling of BY — D{ Dy, w(q) = 1/¢* + mj, ,

o' (q) = \/(71 - zj/l,,)z + m%) and F(q-— %,/W) a form
factor to account for the off-shellness of the J/w and y
couplings with the (g — &, ) D, meson off shell. We take
an empirical coupling of the type

S
b > c
R0
B s
S > S
FIG. 6. Color favored B? — D} D7 mechanism.
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D (q) (k)

(a) (b)

FIG.7. Loop diagrams for B — J/yy through D} Dy intermediate production. In diagram (a), the four momenta of the particles are
given in the parentheses.

AZ
F D — THhH S5~ 37
#) = (37)
and A =1 GeV or less.
By performing the ¢° integration analytically we obtain
dq 1 1 1
t=eg gei(l/w)e-(Y)/ AN A
’ ! (27)* 20(q) 20(q) 20/ ()
1 1 1
P = 0(@) — (@) +ie P K, —(q) -~ '(q) T icw(q) + o' (7) - K]
w(q) —w(q) + ie 1y —0(q) — @' (q) +ico(q) + o Iy~

(26()( ) =+ 20 ( ) P0>(2q - k]/u/)i(zq - kJ/y/)jv (38)

where we keep explicitly the y polarization vector spatial and we also neglect the three-momentum of the J/y versus its

mass. The integral gives a result of the type aé;; + bk, ik, ; (k, = —k 7/y) but the second term vanishes with transverse
photons. The second diagram of Fig. 7 gives the same contribution as the first one and, considering explicitly that we have
only transverse photons, we have

t = degpge(J /w)e(y)] (39)

and the sum over polarizations, taking Eq. (29) into account, gives

> Yl =326 (40)
with
1/d3q'29121 : F(G—,)
= sin - _
(2r)3 2w(q)) 2a'(q) P° - 2w(q) + ic 4= it
1
e = - (20(9) +20/(q) = P?). (41)
O —kY), —0(q) - a(q) +icw(q) + o (q) - k), —i
By taking the imaginary part of / we find
Im/ L / ] d cos @sin’0
iml = —i—q}, ——— =
871" 40(gun) J- 20/(q)
1 1 - -
. (20)(61)+2w/(f1)—1’0)7 (42)

0~y — o(q) = @'(q) +ico(q) + o'(q) — k), — i

with |¢| = gon» and g, the D, on-shell momentum for BY — D} Dy . The two denominators in Eq. (42) do not lead to poles
in ImI. The coupling gz of BY to Dy Dy is taken from experiment [37] and we have
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Pp,

_ - 2
Upo_pip: = 877M%o 9p> (43)
from which
2
g5 _ 3™ o pip; (44)
I'p Pp, FBQ
and
Tgo_p+p-
SBEDIDL g4 %1070 [37). (45)
o
Altogether we find now
Igo_, I pip-
Bi—ylfy _ Py ~ B-DID; 320221 (46)

Upo po, Ta
By taking A =1 GeV, we find

Igo_,
“B-rIY 48 % 1078, (47)
I_‘B(\}

which is about a factor of 20 smaller than what we obtained
from vector meson dominance in Eq. (32). But taking
A = 1.2 GeV the branching ratio is 7.98 x 1078, still 1
order of magnitude smaller than what was found before.

Certainly, one can think of similar loops with D, D}
intermediate states, but the exercise done indicates that
these loops should be reasonably smaller than what has
been calculated before.

There is more to it: we can look at the diagrams of Fig. 7
and replace a y by a ¢ (or J/y) meson. In the vector meson
dominance picture the y production amplitude is obtained
from an amplitude producing ¢ and J/w followed by
conversion of ¢ and J/y into a photon. If we ignore the
J/w contribution, the ¢ contribution alone is already
accounted for in our formalism, since we take the BY —
J/w¢ process from experiment and convert the ¢ into a y.
The empirical process also accounts for this loop contri-
bution. Hence, what one is missing is only the fraction of
the loop diagram that has the y formed from J/y. Their
contributions have strength % e, %e for ¢, J/y, summing to
the e charge, and hence what is missing is still smaller than
the loop function that we have calculated.

There is another empirical proof that these loop correc-
tions are small. Indeed, as we have commented, replacing
the y in Fig. 7 by a ¢ gives a contribution to ¢ production
coming from loops. The same diagram does not contribute

PHYSICAL REVIEW D 94, 014018 (2016)

to p and w production, since neither of them couples to D;.
This means that the loop contributions are very selective to
the vector mesons produced. If the loop corrections to
J/wV (V= p,w, p) were important, then one would not
obtain good results for these processes omitting the loops.
Yet, the works done in [19,38,39] on B and D decays,
taking only the tree level diagram of Fig. 1 and considering
the vector mesons as coming solely from the final gg pair,
indicate that this picture is rather accurate for the ratios of
branching ratios, in agreement with experiment within
errors.

V. SUMMARY

Radiative B decays are potentially sensitive to both the
standard model physics and beyond the standard model
physics. Recent studies based on a novel nonperturbative
mechanism, which includes a primary quark level transi-
tion, and the following hadronization and final state
interactions of the produced hadrons, are capable of
explaining very successfully a large variety of experimental
data with a minimum amount of input. In the present work,
we have extended such an approach and utilized the vector
meson dominance hypothesis to predict the branching
ratios of the radiative B decays. The resulting parameter-
free predictions not only are consistent with the present
experimental upper bounds but also show a characteristic
pattern that can be verified experimentally. Our results
show that although the B® — J/yy decay rate is too small
to be detected in the near future, the BY — J/yy is much
closer to the capacity of the LHCb detector. These results
should serve to encourage our experimental colleagues to
continue their efforts to obtain an absolute rate for this
decay process. It should be stressed that unlike earlier
theoretical studies based on QCD factorization or pertur-
bative QCD, the approach developed in the present work
relies on experimental information mostly and, as a result,
should be free of uncertainties inherent in earlier studies.
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