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In this work, we present an analysis of the nonleptonic charmonium modes B? — J/y f5(1525) and
BY — J/wK*K~. Within the framework of the factorization approach and using the perturbative QCD for
the evaluation of the relevant form factors, we find a branching fraction for the two-body channel of
BR(BY — J/yf5(1525)) = (1.6797) x 10~* which is in agreement with the experimental values reported
by the LHCb and Belle Collaborations. The associated polarization fractions to this vector-tensor mode
are also presented. On the other hand, nonresonant and resonant contributions to the three-body decay
BY — J/wK*K~ are carefully investigated. The dominant contributions of the resonances ¢(1020) and
f5(1525) are properly taken into account. A detailed analysis of the K K~ invariant mass distributions and
Dalitz plot are also performed. The overall result BR(B) — J/wK*K~) = (9.31]3) x 10~* is also in
satisfactory agreement with the experimental information reported by LHCb and Belle.
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I. INTRODUCTION

The study of exclusive semileptonic and nonleptonic
decays of heavy mesons B and B, has provided a precise
and consistent picture of the flavor sector of the Standard
Model (SM) over the past decade [1]. Some of these
channels offer methods for the analysis of CP violation and
determination of the angles of the unitarity triangle, test
some QCD-motivated models, and the study of possible
effects of physics beyond SM [1]. Among the possibilities
of nonleptonic B and B, decay modes, the color-suppressed
(but CKM favored) modes induced by quark level tran-
sitions b — ccs that involve a charmonium meson in final
state are of particular interest. Specially, the charmonium
vector meson J/y is of great experimental interest because
of its clean signal reconstruction (J/y — p ™) [1]. This is
the case of the vector-vector mode B — J/ywK*(892)
where the phase 8, B — B’ mixing parameter, can be
extracted [1]. On the other hand, the counterpart in the B,
meson system, the B — J /¢ (1020) decay, it is the most
sensitive probe to measure the complex phase /3, associated
with the BY — BY mixing process, which is extracted from
the angular analysis of the time-dependent differential
decay width [2]. Very recently, the charmonium resonance
w(2S) has been studied in the time-dependent angular
analysis of the BY — y/(25)¢(1020) decay reported by the
LHCb Collaboration [3].
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Another interesting charmonium mode that has been
studied lately by different experiments is the three-body
mode BY — J/wKTK~. It is well known that the large
contribution to the K*K~ invariant mass spectrum of
this channel is given by the vector resonance ¢(1020);
i.e., the BY — J/wK*K~ decay proceeds predominantly
via BY — J/w$(1020) [2]. Recently, for higher K*K~
mass range, the significant signal of the tensor
meson f5(1525) in the decay sequence BY—
J/wf5(1525)[->K*TK™] observed by the DO experiment
[4] has confirmed the earlier LHCb observation [5].
The absolute branching fractions of the mode B —
J/wf5(1525) and the entire mode BY — J/wK'K-
(including resonant and nonresonant contributions)
were first measured by the LHCb [6] and later con-
firmed by Belle [7] (see Table I). Both measurements
are in agreement with each other. Moreover, the B? -
J/wKTK~ mode has been used to measure the CP
violation parameter of the B, mixing in the K™K~ mass
region of ¢(1020) resonance [8]. It is possible that the
presence of additional resonances [with a different spin
structure such as resonance f5(1525)] to ¢(1020) might

TABLE L. Branching fractions (x107*) of BY — J/y f%(1525)
and BY — J/wKTK~. For simplicity, the systematic, statistical
and additional uncertainties have been combined in quadrature.

Mode LHCb [6] Belle [7]
B) — J [y f5(1525) 261508 2.60+0.81
BY - J/wK*K~ 7.70 +0.72 10.1 +2.25
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Next-to-leading Wilson coefficients evaluated at 4 = m,, [13], where «a is the fine-structure constant.

¢ &) C3 Cy Cs Cs Cy/a Cg/a Co/a Cio/a
1.082 —0.185 0.014 —0.035 0.009 —0.041 -0.002 0.054 —-1.292 0.263
affect the CP measurements [9]. This could open new Gr

opportunities for complementary information on the
parameters of CP violation [9].

Motivated by the phenomenological importance of
nonleptonic charmonium B, decays, in this work we
will carry out an analysis of the modes BY —
J/yf5(1525) and BY — J/wKTK~. We first study
the branching ratio and polarization fractions of the
two-body vector-tensor mode BY — J/yf5(1525), and
for the sake of completeness the vector-vector mode
BY = J/w¢(1020) is also discussed. After that, a
reanalysis of the nonresonant and resonant contribu-
tions to the BY — J/wKTK~ decay is presented, where
the contributions of the resonances ¢(1020) and
f5(1525) are properly taken into account by means
of the Breit-Wigner resonance formalism. Although this
mode has been previously considered in Ref. [10],
there are some important points that have been over-
looked and a more detailed analysis of the KTK~
invariant mass distributions and Dalitz plot will be
provided in the present study. So far, it is known that
there is no satisfactory treatment of nonleptonic B to
charmonium decays at present [11]. Keeping this in
mind, the factorization approach is used for the
description of the nonleptonic charmonium B, decays
under study. We will show that our results reproduce
fairly well the experimental data.

This work is organized as follows: in Sec. II, the BY —
J/w$(1020) mode is briefly reviewed. In Sec. III, we study
the branching ratio and polarization fractions of the BY —
J/wf5(1525) mode. The nonresonant and resonant con-
tributions to the three-body decay BY — J/wK*K~ are
carefully investigated in Sec. IV. Our conclusions are left
for Sec. V.

IL B > J/yV DECAY

The nonleptonic decay mode BY — J/yV, with
V = ¢(1020), has been widely considered in previous
works (see for instance [11]). We briefly discuss its
amplitude, which is written in a form that is convenient
to compare with the B? — J/wf5(1525) channel, in
Sec. III. This notation will be also helpful for discussion
in Sec. IV where these amplitudes will be required. For the
sake of completeness, the numerical result for the branch-
ing fraction is also obtained.

The effective weak Hamiltonian (M) for nonleptonic
charmonium B, decays induced by the b — ccs transition
is [12]

10
Hegr = Ve Vis(C101 + C,0;) — thV}ks< Ci0i>:|
=3

1

V2
+ H.c., (1)

where Gy is the Fermi constant, C; are the Wilson
coefficients evaluated at the renormalization scale
= my, and V;; is the respective Cabibbo-Kobayashi-
Maskawa (CKM) matrix element. The four-quark local
operators O; are defined as: O;_, current-current (tree),
05_¢ QCD penguin, and O;_, electroweak penguin [12].
In Table II we list the next to leading order (NLO) Wilson
coefficients evaluated at y = m,, [13].

Under the scheme of factorization, the decay amplitude
of BY — J/yV is given by [11]

G .
M(B? - J/I,UV) = -~ Vcb VﬁsaeffX(st'J/W), (2)

V2

where using the approximation V, Vi~ -V Vi (ie.
ignoring the small product V,,;, V), the effective coefficient

defr (1) = ax(u) + as(u) + as(p) + a;(u) + ag(u) ~ sums
the contributions from both the tree a, = C, + C;/3 and

penguin a,;,_; = Cy;_; + Cy;/3 (i =2, 3, 4, 5) operators.
The factorized term X5:V-//¥) is given by the expression

XBVIW) = (] ey, cl0)(VI(Eb)y_alBs).  (3)

where the hadronic matrix element (J/y|cy,c|0) =
m,/y,fj/y,e’;/w, with €;,, and f,,, (m,,) the vector polari-
zation and decay constant (mass) of the J/y meson,
respectively. The parametrization of the B, — V form factors
can be written as [11]

(V(py.cy)[57,b1B,(P)) = —Hw
@)

(V(pv.ev)|Syursb|Bs(P))

= 2mal (@),

T (m, + m)ABY (@) [ - (ez'f) q,,]
BV (ey.P) (mp —m3)
ALY G (P ), =
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with g, = (P —py), and V5V, Agy the form factors

associated with the B, — V transition evaluated at
2 _ 2

g =my,,.

Taking the expression of the decay width I'(BY — J /y/V)
from [11] and using the following input values: form
factors obtained in the light-cone sume rules (LCSR)
model [14], f,,, = (416.3+5.3) MeV [11], NLO Wilson
coefficients evaluated at 4 = m,, (Table 1I), CKM matrix
elements |V, |=(41.1£1.3)x 1073, |V | =0.986 £0.016,
7 = 1.510 x 10725 and masses of the mesons [2]; we get
a value of

BR(B? — J/y(1020)) = (10.4 £ 0.3) x 107, (6)

which 1s consistent with

(10.8 £0.9) x 107 [2].

the experimental value

IIL B! — J/wT DECAY

Sharing the same CKM mixing elements and penguin
contributions of the B — J/wV mode, the decay ampli-
tude of BY — J/yT [with T = f,(1525)] is written as

G ~
A(BY = TJpT) = =LV VisaaX BT (7)

V2

BT.J/y)

where the factorized term X' has the expression

XBTIIW) = (] Jyr|eyc|0)(T|(5b)y_4|By). (8)

In analogy to the hadronic matrix element that describes
B, — V transition, the structure of the B; — T form factors
is the same by adequately replacing the €, polarization
vector by a new polarization vector €y = é"P,/ mp_ in
Egs. (4) and (5) [15,16], with é"” being the polarization of
the spin-2 tensor meson and P the B, meson momentum
(see appendix A for details). In this case V27 and A, are
the form factors associated with the By, —» T transition. In
ensuing calculations we will use the theoretical predictions
provided by the perturbative QCD (pQCD) approach [16].
Within the pQCD approach the ¢2-dependence of the form
factors V3T and Ag"lT can be represented by the three-
parameter formula [16]

F5T(0)
(1—q*/m3 )(1 —ag®/m3 +b(g*/m3 )?)’
9)

where the parameters a, b and F57(0) (value at the zero
momentum transfer) for By — f5(1525) transition are
displayed in Table III (taken from Table II of Ref. [16]).
While the form factor AfsT can be expressed as a linear
combination of AgST and Af“T [16]

FPT(q?) =
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TABLE III. Form factors for BY — f5(1525) transitions
obtained in the pQCD approach [16] (uncertanties added in
quadrature) are fitted to the three-parameter form Eq. (9).

F5T F57(0) a b
VB2 0.201009 1755003 0.69100;
APPIRoaeiiLeon ot
ABS(1529) 0.12700% 0.807001 —0.112940
B,T (mp, + myg) B,T
Ay ) = 5= [(mg, + mr)A (¢)
mp —4q
B,T
= 2mrAy" (¢%)]- (10)

We will assume the f%(1525) meson as a s5 state (since
mainly f%(1525) - K"K~ [2]) and we will neglect the
small mixing angle (~9° [2]) between the two isosinglet
mesons f5,(1270) — f5(1525).

The explicit expression for the decay width of
BY — J/yT has the form

G2 |V Vilakfs,
48ﬂm3Bv 1 6m§s m}

x larayf® + el +yr2%), (11)

I(BY — J/yT) =

where Ay = A(mp ,m7, mj ), with 2(x, y, x) = x* +y* +
72 — 2(xy + xz + yz) the usual kinematic Killen function,
and

_ AP

" (mg, +myp)?’ (12)

6q°m?
(mg, + myz)?

= 2(mj, —mp — AT (AT (), (13)

Pr= VAT (q*)]

yr =(mg, +mr)2(dr + 102 m3) A7 (). (14)

As it was pointed out in [17], it is worth to notice that the
AEFV2 o |pp[PEtT (with |py| being the three-momentum
magnitude of the tensor meson in the B, rest frame)
dependence in Eq. (11) indicates that in vector-tensor
modes the orbital angular momentum of the wave
L =1, 2, and 3 are simultaneously allowed, as expected.

Taking the same numerical input values as in Sec. II and
the form factors from the pQCD approach [16] (Table III),

the branching ratio is found to be'

1Using the predictions of the form factors derived from LCSR
[18], we have obtained a value BR(B? — xJ/yf5(1525)) =
(1.1 4 0.3) x 107, which is smaller than (15) and the exper-
imental measurements (see Table I).
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BR(BY — J/yf5(1525)) = (1.6759) x 1074, (15)

where the theoretical error corresponds to the uncertainties
due to the CKM elements, decay constant and form factors
(mainly dominated by the latter). Within the error bars, our
result is in agreement with the experimental values reported
by LHCb [6] and Belle [7] (see Table I). In comparison
to previous theoretical estimation of (3.3 £0.5) x 10~
obtained in [10], our result turns out to be lower than this.
In addition, based on the chiral unitary approach for
mesons, the authors of Ref. [19] have been estimated the
ratio of branching fractions

BR(BY — J/yf,(1270))
BR(BY — J/uf5(1525))

= (84+4.6)x 1072, (16)

that is compatible within errors with the experiment [19].

Finally, as a by-product, using Egs. (15) and (6) we also
estimate the ratio between the vector-tensor mode BY —
J/y f5(1525) and vector-vector mode B? — J/y¢p(1020)

BR(BY - J/yf5(1525))

— 9.0
100 = BR(BY = Jjpa(1020)) (A0 % (17)

that is consistent with different experimental measurements
(25.0+£6.0)% LHCb [6], (19.0+6.0)% DO [4] and
(21.5+£5.5)% Belle [7].

A. Polarization fractions

In this subsection we study the polarizaton fractions of
the decay mode BY — J/yT. Taking advantage to the fact
that this vector-tensor mode can be treated as the vector-
vector mode By — J/ywV, by just replacing €, by €%
previously introduced, the factorizable transition amplitude
(7) can be generically decomposed in terms of the invariant
amplitudes a, b and ¢ [20]

M(B) = J/wT)=a(e;,,-€7) + (€7, " P)(er-P)

mJ/ mry
. ¢
+lm1/y/m ;wrz/)’eT GJ/WpTP (18)
where

a=—&(mg +mp)AYT (m2). (19)

247" (m2,,)

/v
b=¢&m;,mr——, 20
5 J/yw'tT (mB“_‘i“mT) ( )

2VEBT(m?, )

/v
c=%¢&my;,mr————, 21
5 .//l[/ T (mBS‘f'mT) ( )

are expressed in terms of VBT A 15 ! and the global factor
E=iGV L.;,Vc‘vaefff,/wm,/w/\/_. The longitudinal (H,)

PHYSICAL REVIEW D 95, 036013 (2017)

and transverse (H) helicity amplitudes can be expressed
in terms of a, b and ¢ as [15,21]

- |PT|
Ho = \/; y [ax

+b(x? - 1)], (22)

1 |PT|
Hy = atceVx®—1], 23
+ — \/— mT CV X ] ( )
with  x = (my —mj, —m7)/2m;,mr and  |pr| =

V/Ar/2mp . In addition, the transverse amplitudes (parallel
and perpendicular) defined in the transversity basis (also
refer as linear polarization basis) are related to the helicity
ones via [20]

Ay = Ho.
Ay = \[(H++H) Z;'
ALz%(H+—H_):Z—;|c\/x2—1. (24)

The decay rate can be expressed in terms of these
amplitudes as [15,21]

T(BY — J/yf)(1525))

3 > MR (25)

By i=0,+
VAT
=— A% 26
1671'1’}1%5 i:%lj.J | (26)

In terms of the transversity basis, the longitudinal and
parallel (perpendicular) polarization fractions are defined
as [15]

| A|?
— , 27
fi |Aol> + A > + |ALP (27)
Ay
Fin = 28
(L) |.A0|2—|— |.A|||2 ( )

respectively. The transverse polarization fraction is
fr = (1—=f;). By definition the fractions (27) and (28)
satisfy the relation f; + f, + f, = 1. The numerical
results for the polarization fractions f, fy, and f, are

fL(BY = J/wfh(1525))
fi(BY = J/wf5(1525))
fL(BY = J/yf,(1525))

= (53.3 £ 18.0)%,
= (30.8 + 12.0)%.
= (15.8 + 0.60) %, (29)

respectively. Although it is expected that vector-tensor
modes will be dominated by the longitudinal polarization
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[15], we get within the errors the ratio f7/f, (J/wf5) ~ 1
implying that the two fractions fr and f; are roughly
equal. A similar theoretical result is obtained in the
BY — J/w¢(1020) mode, i.e. fr/fL(J/wep)~1 [11,22],
which is in agreement with the measurement of the
longitudinal polarization fraction f; (B — J/y¢(1020)) =
(49.74+3.3)% reported by LHCb [23]. In addition, our
results for the polarization fractions are in accordance
with the fit fractions in the helicity basis obtained by
LHCb in the amplitude analysis of the B — J/wK+tK~
decay for the resonance f%(1525) [6]. Nevertheless,
with the integrated luminosity collected by the LHCb
detector during LHC Run 1 (3 fb~! at /s=7 and
8 TeV) and that expected during LHC Run 2 (additional
5 fb~! at \/s = 14 TeV), it will be an interesting indepen-
dent measurement of the helicity components + and — (or ||
and | components) to test our results.

IV. NONRESONANT AND RESONANT
CONTRIBUTIONS TO
B® - J/wK*K~ DECAY

The three-body charmonium mode BY — J/wKTK~
receives both nonresonant and resonant contributions
[6]. Although this channel has been previously consid-
ered in Ref. [10], in this section we provide a detailed
reanalysis of such contributions. We also stress some
important points that were overlooked by the authors
of Ref. [10].

In the framework of the factorization approach, the decay
amplitude associated with the nonresonant (NR) contribu-
tion of the BY — J/wK*K~ mode has the form

G - _
M(Bg - J/WK+K_)NR = 7%Vcbe»saefo/WKCC)V—A|0>
X (KTK~[(5b)y_s|Bs )k
(30)

where only the current-induced process with a meson
emission is present [24]. In the heavy meson chiral
perturbation theory [25], the hadronic matrix element
(K"K~|(5b)y_4|Bs)ng can be written in terms of four
NR form factors r, wy, and h that are defined
by [25,26]

(K*(p" )K= (P)I(5D)y_s|Bs(P))nw
=ir(P—p=p), +iw (p'+p),+iw_(p'—p),
- 2h€yuaﬁpyp/apﬁ' (31)

In the present case the NR form factors w, and h
contribute while 7 vanishes due to the condition
€7/y - Pyjy = 0. These are explicitly given by the expres-
sions [25,26]

PHYSICAL REVIEW D 95, 036013 (2017)

ifB*\/ m%*mBS |:1 B (}7’[23A - m%( - S):| fB\.

TR somy g )| T
(32)
fB*\/m?g*me mE —m3: —s
w_:%iz 1+ % . (33)
fx s—mp 2my,.
20°f 5 mi
h= . : (34)

[ (my = mi, —0)(s +mp —mi)’

where s=m?(J/wK")=(p;,,+p')* and t=m*(K*K~)=
(p'+p)? are the kinematical variables that represent the
J/wK* and KTK~ invariant masses, respectively. The
heavy-flavor independent strong coupling g can be
extracted from the CLEO measurement of the D** decay
width, |g| = 0.59 £ 0.07 [27]. For the pole mass and decay
constants we will take the following numerical inputs:
mp-=5324.83MeV [2] and fx=(155.6+£0.4)MeV [28],
fp,=(226.0+£2.2)MeV [28], fp-=(175£6)MeV [29].

On the other hand, the resonant (R) contributions are
usually described in terms of the Breit-Wigner (BW)
resonance formalism. The three-body matrix element in
(30) is written as [24,26]

(KT(P)K™(P)I(3b)y-s|Bs(P))r
= ZBWR(t)gRK+K’€R (' =p)

X (R[(5b)y_4lB,), (35)
where gpg+x- 1s the strong coupling constant and
1
BWg(1) = (36)

m% bl lmRFR(Z) ’

is the BW function of the intermediate resonant state R,
with myp and T'y(¢) being its respective mass and decay
width of R - K*K~. We adopt the t-dependent para-
metrization for the decay width [6]

()]

where Iy is the resonance width at its peak and Q(r) =
A(t,m%. m%-)"/2/2:/1 is the momentum of the K* (or the
K7) evaluated in the KK~ rest frame. The orbital angular
momentum is L = 1(2) for vector (tensor) and the Blatt-
Weisskopf barrier factors F are taken from [6]. The sum in
(35) is extended over all possible resonant contributions.
Although different resonances can appear (such as f,(980),
f0(1370), ¢(1680), f,(1750) and f,(1950) [6]), we will
take the intermediate vector ¢(1020) and tensor f%(1525)

036013-5
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mesons as the most important ones [6]. Furthermore, it was
found by LHCD that the interference contributions between
two different spin resonances and between NR and R
components are zero [6] and therefore, as a good approxi-
mation, the interference between these components will not
be considered here.

The R amplitude of B — J/wK*K~ is then given by

M(BY - J/wKTK™)g
Gr -
— i 2BV Y anS BW (D) grk k-
NG bV cs eff; ’(1)9ri+k
X eg - (p' = p)X BRIV, (38)
with X(B:RJ/v) the factorized terms coming from R = V

and 7, given by (3) and (8), respectively. From the decay
amplitude of the strong decays R — K™K~

M(V = K*K™) = gykrk-€y(P' = P),s (39)

M(T = K*K™) = grg+ -8 Py Pas (40)

the strong coupling constants gpg+gx- are determined
from the experimental value of decay width of R —
K™K~ via the expressions

487m3T(V - KTK~
Jvk+Kk- = \/ L ( ) (41)

Al )2

1920zmIT(T - KT K~)
= . 42
9TKTK \/ /1(m2T 2 mk_ )5/2 (42)

K+ ’

Using the above expressions and the experimental
measurements ['(¢(1020) - KtK~) = (2.08 +0.04) MeV
and T(f5(1525) - K*K™) = (64.75119%) MeV [2], we
get gy x- =4.474+0.03 and grg+g- =20.70703 GeV!,
respectively. The error reported is due to the experimental
uncertainty in the decay width. Let us notice an important
point that has been overlooked in Ref. [10], since the same
expression has been used to obtain grg+ - for both V and
T, namely Eq. (30) of [10] [Eq. (41) of this work]. This is a
mistake since (41) only allows us to obtain the strong
coupling for V = ¢(1020), while (42) allows us to obtain
the one for T = f,(1525). Besides, gyk+g- is dimension-
less, while gyx+x- has dimensions of GeV~!. Indeed, by
employing Eq. (30) of [10] and the experimental meas-
urement for I'(f}(1525) — K*K~), one gets a value for the
strong coupling of 3.80 £ 0.16 (with the incorrect dimen-
sion) that is around 5 times smaller than ours and therefore
affecting the estimation of the branching fraction obtained
in [10].

PHYSICAL REVIEW D 95, 036013 (2017)

Both in the NR and R contributions, the decay
width is parametrized in terms of the three-body phase
space [2]

(B - J/l//K+K INR(R)

/ dt/ dS|MNR 2, (43)
2(2x)? mB -

where |MNR(R)|2
amplitude2 The integration limits are given by = = 4m%,
t+ = (mBs — mj/l,,>2 and

is the NR (R) spin-averaged squared

T 02 = 4tm3)12). (44)

with 2, = A(t,mp ,m3,,). In Fig. 1 [left], we plot the
differential branching ratio of B — J/wK*K~ as func-
tion of the invariant mass m*(K*K~). The black (solid)
curve denotes the total contribution, while individual
terms are given by the blue (dotted) curve for
V = ¢(1020), red (dashed) curve for T = f5(1525),
and NR contribution is represented by the green (dot-
dash) curve. As expected, the largest contribution is given
by ¢(1020) component, which it is clearly exhibited by
the peak in Fig. 1 [left], followed by the f}(1525)
component. There is also a sizeable contribution from NR
term, which is dominated by the form factors w, with a
negligible contribution from hA. Comparing with the
m?>(K*K~) distributions obtained by LHCb (Figs. 15
and 17 of Ref. [6]), our distribution for the resonances
agrees fairly well, showing a similar behavior. For the
NR component, our distribution exhibits a different
behavior to the LHCb, this is because a linear function
has been used in the experimental analysis to describe the
K™K~ mass [5,6]. As we will show below, this difference
will turn out in a bigger estimation on the NR contri-
bution than one reported by LHCb.

As a complementary analysis, we perform the Dalitz plot
of the process as shown in Fig. 1 [right]. By using a Monte-
Carlo simulation, we generate points (s, f) over the phase
space of BY — J/wK*K~ decay, with s = m?>(J/wK™)
and ¢ = m*(K*K~) the invariant masses. If the generated
point (s, ¢) fulfills the Cayley condition [30],

2 .2 2 0
G(t,s, My Mg, M-, mJ/w) <0,

where G is the Gram determinant [30], we plot the point;

otherwise, we reject the point and select a new one until we

get the Dalitz plot. The horizontal blue and red bands result
from the ¢(1020) and f%(1525) resonances, respectively.

*Their explicit expressions are provided in appendix B.
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[Left] Differential branching ratio of BY — J/wK* K~ as function of t = m?>(KTK~). The blue (dotted) and red (dashed)

curves denote the contributions of resonances V = ¢(1020) and T = f%(1525), respectively, while the NR contribution is represented
by the green (dot-dash) curve. The black (solid) curve denotes the total contribution. [Right] Dalitz plot of BY — J/ywK*K~, where the
horizontal blue and red bands represent the ¢(1020) and f%(1525) resonances, respectively.

The obtained Dalitz plot is in accordance with the dis-
tribution obtained by LHCb (Fig. 6 of Ref. [6]).

The values of the different contributions to the total
branching fraction of BY — J/wK*K~ are summarized in
Table IV. The error ranges are determined by the uncer-
tainties on the above couplings and then summed in
quadrature. We predict a branching fraction of

BR(B) - J/wK*K~) = (9.31]7) x 1074, (45)

that is in agreement with experimental measurements
reported by LHCb [6] and Belle [7] (see Table I).
Compared with the previous theoretical estimation of
(10.3 £0.9) x 10~* [10], our result is consistent as well.
However, in this previous work is unclear how much is the
contribution both the NR and R components [10]. In the
present study a more detailed analysis on these contribu-
tions to the m*(KTK~) distribution and Dalitz plot is
provided, thus extending the previous one [10]. Moreover,
keeping in mind that the value of the strong coupling
constant grg+x- was badly estimated (as it was above
discussed), the theoretical value of the branching fraction
obtained in [10] can be incorrect.

Finally, let us mention that there are some works where
only the S-wave contribution of the K™K~ spectrum of
BY - J/wKTK~ was estimated to be around ~1.7% [31]
and ~1.1% [32], while the contributions from ¢(1020) and

TABLE 1V. Values of the different contributions to the total
branching fraction (x10~*) of BY — J/wK*K~.

Resonant
V = ¢(1020) T = f4(1525)
56407 0.8%03

Total

93411

Nonresonant

1.9+£0.1

f5(1525) (as well as NR contribution) were not addressed
in [31,32]. Furthermore, the authors of Ref. [31] have
estimated the ratio of branching fractions

BR(B? — J/wK*K")
BR(BY = J/y$(1020))

= (4.440.7) x 1072, (46)
that is compatible within errors with the experiment [31].

V. CONCLUDING REMARKS

Motivated by the phenomenological importance of non-
leptonic charmonium B, decays, in this work we have
carried out a reanalysis of the BY — J/wf5(1525) and
BY — J/wKTK~ decays. Within the framework of the
factorization approach and using the perturbative QCD
for the evaluation of the relevant form factors, we have
obtained a branching fraction for the two-body channel
of BR(BY — J/wf5(1525)) = (1.6139) x 107* which is in
agreement with the experimental values reported by LHCb
[6] and Belle [7] Collaborations. In addition, the polariza-
tion fractions associated with this vector-tensor mode have
been studied for the first time. We found that the fractions
frand f are roughly equal, implying f7/f.(J/wf5) ~ L.
This result is in agreement with theoretical prediction
[11,22] and experimental measurement of the longitudinal
polarization fraction obtained for the BY — J/y¢(1020)
mode [23]. Moreover, this is also in accordance with the fit
fractions in the helicity basis obtained by the LHCD in the
amplitude analysis of the BY — J/wK*"K~ decay for the
resonance f%(1525) [6].

Concerning the three-body mode B — J/wKTK~,
we have calculated both nonresonant and resonant con-
tributions, and a detailed analysis of the m*(K"K~)
distributions and Dalitz plot have been performed. The
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nonresonant part has been described by the heavy meson
chiral perturbation theory. For the resonant part, the
contributions of the intermediate vector ¢»(1020) and tensor
f5(1525) mesons have been taken into account by means of
the Breit-Wigner resonance formalism. It is found that the
largest contribution is given by ¢(1020) followed by
f5(1525), with a sizeable nonresonant contribution that
agrees fairly well with the data [6]. The overall result of the
branching fraction BR(BY — J/wK*K~) = (9.37]7) x
10~* s also in satisfactory agreement with the experimental
data reported by LHCb [6] and Belle [7].
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APPENDIX A: B, - T FORM FACTORS

The polarization of a generic tensor meson (J© = 2%)
can be specified by a symmetric and traceless tensor é*”
which satisfies the following properties [16,21,33],

¢ (pr.o) = e*(pr. o),

5’”(1’% U)Pn =& (pr, 6)pTﬂ =0,

and é*(pr.0)g,, =0, with p; and ¢ the momentum
and helicity of the 7 meson. The states of a massive
spin-2 particle can be constructed in terms of the spin-1
states as [21]

#(£2) = et (£1)er(£1),

e *L et e ev et
é (il)—ﬂ[ (£1)e”(0) + e*(£1)e* (0)],

1% fi et ev(— ev(—=1)e*
€ (O)_\/é[ (+1D)e(=1) + e (=1)et (+1)]

2
+ \/%e”(O)e (0),

with e#(0,41) denoting the polarization vectors of a
massive vector state moving along the z axis with the
explicit structure [21]

(A1)

e’ (0)

|
=— E A2
T(|pT ’0’0’ T)’ ( )

1
e (£1) = — (0, F1,-i,0),

7 (A3)
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where my; and |py| (E;) are the mass and the three-
momentum magnitude (energy) of the 7 meson in the B
rest frame, respectively. Defining the new polarization
vector [15,16,21,33]

e =&"P,/mpg . (A4)
which satisfies
¢ (+2) = 0,
(1) = % <e(0).%> eh(+1),
10 = 5(c0, )0 as)

with ¢(0).P/mp_= |pr|/my and P the B; meson momen-
tum. We can see that although the tensor meson contains 5
spin degrees of freedom, only ¢ = 0 and £1 give nonzero
contributions. As a consequence, the parametrization of the
B, — T form factors is analogous to the B; — V case
except that the €], is replaced by ¢.

In the Isgur-Scora-Grinstein-Wise (ISGW) model [34],
the general expression for the B, — T transition is para-
metrized as

<T(pT’é)|§7/ﬂb|Bx(P)> = ih(qz)eﬂwmé*yaPa(P+ pT)/)qo—’
(T(pr.€)I57,r5b|By(P)) = &,,P“P’[b(q%)(P+ pr),
+b-(4%)q,] + k(g*)& P,

(A6)

where g, = (P — pr), and h, k, b, are the form factors

(k is dimensionless and A, b, have dimension of GeV~2)
evaluated at the squared transfer momentum g?. This set of

form factors are related to the set V27 and Ay, via [15]

VEI(g?) = mp (mg, + my)h(q?),

A @) = G k)

A7 (q?) = —mp (mp, +mp)b.(¢?).

AT (%) = 5, (K)o (3, = )b (q?) = th-()].
(A7)

APPENDIX B: SQUARED AMPLITUDES

We collect in this appendix the nonresonant (NR) and
resonant (R) spin-averaged squared amplitudes of the
BY — J/wK*TK~ decay discussed in section IV. For the
NR contribution, we have
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Mgl = [P ki (5. D)@ ()] + ko (5. D)o ()]
+ks(s. o (s)o_(s) + ka(s. 1) [a(s. )],
(B1)

where & = iGpV ., Visaef /My / v/2 and the kinematic
factors k;(s,t) (i =1, 2, 3, 4) are given by

A

kl (S’ t) = 4m2
Iy

: (B2)

kz(s, t) = % [mﬁ/w + 2m3/w(m%& - 6m%{ —2s + l)
+(2s+1— m%j —2m%)?], (B3)

k3 (s, 1) % [m‘}/w + (m%,: -1)(2s+1— m%s —2m%)
—2m3,, (s = mg)], (B4)

k(s t) = m3, [t(s(mp +m3,, +2mE)

+ (m3,, = mi) (mi —mj ) = %)

2

— mi(m3,, —mp )* =], (BS)

with mg = my: and 4, = A(t,mj ,mj, ). Let us notice
that interference terms between i and w, vanish. These
kinematic factors are function of s = m?(J/wK™), t =
m*(K*K~) and the masses of mesons involved.

The R contribution from V = ¢(1020) reads as

My ? = |5|29%/K+K—Cov(f)[01v(t>[A?SV(I)]Z
+ oy (1) [Ag‘rv(f)]z + cay (1) [VEY (1))

+ e (DAY (1A (1), (B6)
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where ¢y (t) = (t — 4m%)|BWy(¢)|? contains the informa-
tion of the BW function [Eq. (36)] and ¢, (7) (i = 1,2, 3,4)
are kinematic factors defined by

(mg, + my)?

cy(t) = A (4 +12m3 1), (B7)
J/w
A7
ooy (t) = , B8
v (?) 4tm3/w(m3_g +my)? (B8)
22,
H=—"""—=, B9
csy (1) (mp, + my ) (B9)
co(t) ==t (1—m} +m2 ).  (BLO)
Ztmg/w : v
As for the resonance T = f%(1525), we have
My = |EP Gk k- cor(D)err (AT (1)]2
+ car(D[ATT (0] + cxr () [VET (1)
+ear(NATT (DAY (1), (B11)

where ¢y (t) = (t — 4m%)?|BW(1)[>/24 similarly con-
tains the information of the BW function and the other
cir(t) (i=1, 2,3, 4) are given by

C]T(t) = l?/4t, (B12)
ear(l) = —2 (4,4 10m2, 1), (BI3)
T - t )

242m3,, s

(— — (B14)
C3T — 2 2 9
24¢ mi.,
/11‘2 2 2
C4T([) = 12t2m2/ (mBA. - mj/w - t)' (BIS)
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